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NUMBER: 9001 {LF}
LED: 1 {LF}

ZAP: {LF}

CLS: {LF}

DISPLAY: ANSWER QUERIES NOW?
PRESS ANY BUTTON TO START {LF}

WAIT: {LF}
CLS: {LF}
DISPLAY: HOW DO YOU FEEL?

VERY VERY
BAD BAD GOOD GOOD {LF}

INPUT: OOO0O {LF}

CLS: {LF}

DISPLAY: HOW WELL ARE YOU
MANAGING YOUR DISEASE?
VERY | VERY

WELL BADLY WELL WELL {LF}
INPUT: OOOO {LF}
CLS: {LF}

DISPLAY: HOW HARD IS IT FOR YOU TO
FOLLOW YOUR TREATMENT PLAN?
VERY VERY
HARD HARD EASY EASY {LF}

INPUT: OOOO {LF}
CLS: {LF}

DISPLAY: HOW HARD IS IT FOR YOU TO
CONTROL YOUR BLOOD SUGAR?
VERY VERY
HARD HARD EASY EASY {LF}

FIG. 6A
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INPUT: O00O {LF)}
CLS: {LF)
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WAIT: {LF)
CLS: {LF)
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CONNECT: {LF}
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FIG. 6B
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NETWORKED SYSTEM FOR INTERACTIVE
COMMUNICATION AND REMOTE
MONITORING OF INDIVIDUALS

RELATED APPLICATION INFORMATION

This application is a continuation in part of application
Ser. No. 08/847,009 filed Apr. 30, 1997 now U.S. Pat. No.
5,897,493, This application also claims priority from pro-
visional application Ser. No. 60/041,746 filed Mar. 28, 1997
and from provisional application Ser. No. 60/041,751 filed
Mar. 28, 1997. This application also claims priority from an
application with Ser. No. 09/201,323 entitled “Leveraging
Interactions with a Community of Individuals”, filed Nov.
30, 1998 and from an application with Ser. No. 09/274,433
entitled “Client-Initiated Leveraged Interaction with
Providers”, filed Mar. 22, 1999. All of the above named
applications are hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to communication
systems for remote monitoring of individuals, and in par-
ticular to a networked system for remotely monitoring
individuals and for communicating information to the indi-
viduals through the use of script programs.

BACKGROUND OF THE INVENTION

In the United States alone, over 100 million people have
chronic health conditions, accounting for an estimated $700
billion in annual medical costs. In an effort to control these
medical costs, many healthcare providers have initiated
outpatient or home healthcare programs for their patients.
The potential benefits of these programs are particularly
great for chronically ill patients who must treat their diseases
on a daily basis. However, the success of these programs is
dependent upon the ability of the healthcare providers to
monitor the patients remotely to avert medical problems
before they become complicated and costly. Unfortunately,
no convenient and cost effective monitoring system exists
for the patients who have the greatest need for monitoring,
the poor and the elderly.

Prior attempts to monitor patients remotely have included
the use of personal computers and modems to establish
communication between patients and healthcare providers.
However, computers are too expensive to give away and the
patients who already own computers are only a small
fraction of the total population. Further, the patients who
own computers are typically young, well educated, and have
good healthcare coverage. Thus, these patients do not have
the greatest unmet medical needs. The patients who have the
greatest unmet medical needs are the poor and elderly who
do not own computers or who are unfamiliar with their use.

Similar attempts to establish communication between
patients and healthcare providers have included the use of
the Internet and internet terminals. Although internet termi-
nals are somewhat less costly than personal computers, they
are still too expensive to give away to patients. Moreover,
monthly on-line access charges are prohibitive for poor
patients.

Other attempts to monitor patients remotely have included
the use of medical monitoring devices with built-in modems.
Examples of such monitoring devices include blood glucose
meters, respiratory flow meters, and heart rate monitors.
Unfortunately, these monitoring devices are only designed
to collect physiological data from the patients. They do not
allow flexible and dynamic querying of the patients for other
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information, such as quality of life measures or psychosocial
variables of illness.

Prior attempts to monitor patients remotely have also
included the use of interactive telephone or video response
systems. Such interactive systems are disclosed in U.S. Pat.
No. 5,39.0,238 issued to Kirk et al. on Feb. 14, 1995, U.S.
Pat. No. 5,434,611 issued to Tamura on Jul. 18, 1995, and
U.S. Pat. No. 5,441,047 issued to David et al. on Aug. 15,
1995. One disadvantage of these systems is that they either
require a patient to call in to a central facility to be monitored
or require the central facility to call the patient according to
a rigid monitoring schedule.

If the patients are required to call the central facility, only
the compliant patients will actually call regularly to be
monitored. Non-compliant patients will typically wait until
an emergency situation develops before contacting their
healthcare provider, thus defeating the purpose of the moni-
toring system. If the central facility calls each patient
according to a monitoring schedule, it is intrusive to the
patient’s life and resistance to the monitoring grows over
time.

Another disadvantage of these conventional interactive
response systems is that they are prohibitively expensive for
poor patients. Further, it is difficult to identify each patient
uniquely using these systems. Moreover, these systems are
generally incapable of collecting medical data from moni-
toring devices, such as blood glucose meters, respiratory
flow meters, or heart rate monitors.

OBJECTS AND ADVANTAGES OF THE
INVENTION

In view of the above, it is an object of the present
invention to provide a simple and inexpensive system for
remotely monitoring patients and for communicating infor-
mation to the patients. It is another object of the invention
to provide a system which allows flexible and dynamic
querying of the patients. It is a further object of the invention
to provide a system which combines querying of patients
with medical device monitoring in the same monitoring
session. Another object of the invention is to provide a
monitoring system which incurs lower communications
charges than those incurred by conventional monitoring
systems. A further object of the invention is to provide a
monitoring system which may be used at any time conve-
nient for a patient.

These and other objects and advantages will become more
apparent after consideration of the ensuing description and
the accompanying drawings.

SUMMARY

The invention presents a networked system for remotely
monitoring an individual and for communicating informa-
tion to the individual. The system includes a server and a
remote interface for entering in the server a set of queries to
be answered by the individual. The server is preferably a
world wide web server and the remote interface is preferably
a personal computer or network terminal connected to the
web server via the Internet. The system also includes a
remotely programmable apparatus for interacting with the
individual. The apparatus is connected to the server via a
communication network, preferably the Internet. The appa-
ratus interacts with the individual in accordance with a script
program received from the server.

The server includes a script generator for generating the
script program from the queries entered through the remote
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interface. The script program is executable by the apparatus
to communicate the queries to the individual, to receive
responses to the queries, and to transmit the responses from
the apparatus to the server. The server also includes a
database connected to the script generator for storing the
script program and the responses to the queries.

The apparatus has a communication device, such as a
modem, for receiving the script program from the server and
for transmitting the responses to the server. The apparatus
also has a user interface for communicating the queries to
the individual and for receiving the responses to the queries.
In the preferred embodiment, the user interface includes a
display for displaying the queries and user input buttons for
entering the responses to the queries. In an alternative
embodiment, the user interface includes a speech synthe-
sizer for audibly communicating the queries and a speech
recognizer for receiving spoken responses to the queries.

The apparatus also includes a memory for storing the
script program and the responses to the queries. The appa-
ratus further includes a microprocessor connected to the
communication device, the user interface, and the memory.
The microprocessor executes the script program to commu-
nicate the queries to the individual, to receive the responses
to the queries, and to transmit the responses to the server
through the communication network.

In the preferred embodiment, the system also includes at
least one monitoring device for producing measurements of
a physiological condition of the individual and for transmit-
ting the measurements to the apparatus. The apparatus
further includes a device interface connected to the micro-
processor for receiving the measurements from the moni-
toring device. The measurements are stored in the memory
and transmitted to the server with the responses to the
queries. The server also preferably includes a report gen-
erator connected to the database for generating a report of
the measurements and responses. The report is displayed on
the remote interface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a networked system accord-
ing to a preferred embodiment of the invention.

FIG. 2 is a block diagram illustrating the interaction of the
components of the system of FIG. 1.

FIG. 3 is a perspective view of a remotely programmable
apparatus of the system of FIG. 1.

FIG. 4 is a block diagram illustrating the components of
the apparatus of FIG. 3.

FIG. § is a script entry screen according to the preferred
embodiment of the invention.

FIG. 6A is a listing of a sample script program according
to the preferred embodiment of the invention.

FIG. 6B is a continuation of the listing of FIG. 6A.

FIG. 7 is a script assignment screen according to the
preferred embodiment of the invention.

FIG. 8 is a sample query appearing on a display of the
apparatus of FIG. 3.

FIG. 9 is a sample prompt appearing on the display of the
apparatus of FIG. 3.

FIG. 10 is a sample report displayed on a workstation of
the system of FIG. 1.

FIG. 11Ais a flow chart illustrating the steps included in
a monitoring application executed by the server of FIG. 1
according to the preferred embodiment of the invention.

FIG. 11B is a continuation of the flow chart of FIG. 11A.
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FIG. 12A is a flow chart illustrating the steps included in
the script program of FIGS. 6 A-6B.

FIG. 12B is a continuation of the flow chart of FIG. 12A.

FIG. 13 is a perspective view of a remotely programmable
apparatus according to a second embodiment of the inven-
tion.

FIG. 14 is a sample prompt appearing on a display of the
apparatus of FIG. 13.

FIG. 15 is a block diagram illustrating the components of
the apparatus of FIG. 13.

FIG. 16 is a schematic block diagram illustrating the
interaction of the server of FIG. 1 with the apparatus of FIG.
3 according to a third embodiment of the invention.

FIG. 17 is a first sample message appearing on the display
of the apparatus of FIG. 3.

FIG. 18 is a second sample message appearing on the
display of the apparatus of FIG. 3.

FIG. 19 is a script entry screen according to the third
embodiment of the invention.

DETAILED DESCRIPTION

The invention presents a system and method for remotely
monitoring individuals and for communicating information
to the individuals. In a preferred embodiment of the
invention, the individuals are patients and the system is used
to collect data relating to the health status of the patients.
However, it is to be understood that the invention is not
limited to remote monitoring of patients. The system and
method of the invention may be used for any type of remote
monitoring application. The invention may also be imple-
mented as an automated messaging system for communi-
cating information to individuals, as will be discussed in an
alternative embodiment below.

A preferred embodiment of the invention is illustrated in
FIGS. 1-12. Referring to FIG. 1, a networked system 16
includes a server 18 and a workstation 20 connected to
server 18 through a communication network 24. Server 18
is preferably a world wide web server and communication
network 24 is preferably the Internet. It will be apparent to
one skilled in the art that server 18 may comprise a single
stand-alone computer or multiple computers distributed
throughout a network. Workstation 20 is preferably a per-
sonal computer, remote terminal, or web TV unit connected
to server 18 via the Internet. Workstation 20 functions as a
remote interface for entering in server 18 messages and
queries to be communicated to the patients.

System 16 also includes first and second remotely pro-
grammable apparatuses 26 and 32 for monitoring first and
second patients, respectively. Each apparatus 26/32 is
designed to interact with a patient in accordance with script
programs received from server 18. Each apparatus 26/32 is
in communication with server 18 through communication
network 24, preferably the Internet. Alternatively, each
apparatus 26/32 may be placed in communication with
server 18 via wireless communication networks, cellular
networks, telephone networks, or any other network which
allows each apparatus 26/32 to exchange data with server
18. For clarity of illustration, only two apparatuses 26 and 32
are shown in FIG. 1. It is to be understood that system 16
may include any number of remotely programmable appa-
ratuses for monitoring any number of patients.

In the preferred embodiment, each patient to be monitored
is also provided with a monitoring device 28. Monitoring
device 28 is designed to produce measurements of a physi-
ological condition of the patient, record the measurements,
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and transmit the measurements to the patient’s remotely
programmable apparatus through a standard connection
cable 30. Examples of suitable monitoring devices 28
include blood glucose meters, respiratory flow meters, blood
pressure cuffs, electronic weight scales, and pulse rate
monitors. Such monitoring devices are well known in the
art. The specific type of monitoring device 28 provided to
each patient is dependent upon the patient’s disease. For
example, diabetes patients are provided with a blood glucose
meter for measuring blood glucose concentrations, asthma
patients are provided with respiratory flow meters for mea-
suring peak flow rates, obesity patients are provided with
weight scales, etc.

FIG. 2 shows server 18, workstation 20, and apparatus 26
in greater detail. Server 18 includes a database 38 for storing
script programs 40. Script programs 40 are executed by each
apparatus e.g., 26/32, to communicate queries and messages
to a patient, receive responses 42 to the queries, collect
monitoring device measurements 44, and to transmit
responses 42 and measurements 44 to server 18. Database 38
is designed to store responses 42 and measurements 44.
Database 38 further includes a look-up table 46. Table 46
contains a list of the patients to be monitored, and for each
patient, a unique patient identification code and a respective
pointer to the script program assigned to the patient. Each
remotely programmable apparatus, e.g., 26/32, is designed
to execute assigned script programs 40 received from server
18.

FIGS. 3—4 show the structure of each remotely program-
mable apparatus according to the preferred embodiment. For
clarity, only remotely programmable apparatus 26 is shown
since each remotely programmable apparatus of the pre-
ferred embodiment has substantially identical structure to
apparatus 26. Referring to FIG. 3, apparatus 26 includes a
housing 62. Housing 62 is sufficiently compact to enable
apparatus 26 to be hand-held and carried by a patient.
Apparatus 26 also includes a display 64 for displaying
queries and prompts to the patient. In the preferred
embodiment, display 64 is a liquid crystal display (LCD).

Four user input buttons 70A, 70B, 70C, and 70D are
located adjacent display 64. User input buttons 70A-D are
for entering in apparatus 26 responses 42 to the queries and
prompts. In the preferred embodiment, user input buttons
70A-D are momentary contact push buttons. In alternative
embodiments, user input buttons 70A—D may be replaced by
switches, keys, a touch sensitive display screen, or any other
data input device.

Three monitoring device jacks 68A, 68B, and 68C are
located on a surface of housing 62. Device jacks 68A—C are
for connecting apparatus 26 to a number of monitoring
devices 28, such as blood glucose meters, respiratory flow
meters, or blood pressure cuffs, through respective connec-
tion cables 30 (not shown in FIG. 3). Apparatus 26 also
includes a modem jack 66 for connecting apparatus 26 to a
telephone jack through a standard connection cord (not
shown). Apparatus 26 further includes a visual indicator,
such as a light emitting diode (LED) 74. LED 74 is for
visually notifying the patient that he or she has unanswered
queries stored in apparatus 26.

FIG. 4 is a schematic block diagram illustrating the
components of apparatus 26 in greater detail. Apparatus 26
includes a microprocessor 76 and a memory 80 connected to
microprocessor 76. Memory 80 is preferably a non-volatile
memory, such as a serial EEPROM. Memory 80 stores script
programs 40 received from server 18, measurements 44
received from monitoring device 28, responses 42 to
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queries, and the patient’s unique identification code. Micro-
processor 76 also includes built-in read only memory
(ROM) which stores firmware for controlling the operation
of apparatus 26. The firmware includes a script interpreter
used by microprocessor 76 to execute script programs 40.
The script interpreter interprets script commands which are
executed by microprocessor 76. Specific techniques for
interpreting and executing script commands in this manner
are well known in the art.

Microprocessor 76 is preferably connected to memory 80
using a standard two-wire I°C interface. Microprocessor 76
is also connected to user input buttons 70, LED 74, a clock
84, and a display driver 82. Clock 84 indicates the current
date and time to microprocessor 76. For clarity of
illustration, clock 84 is shown as a separate component, but
is preferably built into microprocessor 76. Display driver 82
operates under the control of microprocessor 76 to display
information on display 64. Microprocessor 76 is preferably
a PIC 16C65 processor which includes a universal asyn-
chronous receiver transmitter (UART) 78. UART 78 is for
communicating with a modem 86 and a device interface 90.
A CMOS switch 88 under the control of microprocessor 76
alternately connects modem 86 and interface 90 to UART
78.

Modem 86 is connected to a telephone jack 22 through
modem jack 66. Modem 86 is for exchanging data with
server 18 through communication network 24. The data
includes script programs 40 which are received from server
18 as well as responses 42 to queries, device measurements
44, script identification codes, and the patient’s unique
identification code which modem 86 transmits to server 18.
Modem 86 is preferably a complete 28.8 K modem com-
mercially available from Cermetek, although any suitable
modem may be used.

Device interface 90 is connected to device jacks 68A,
68B, and 68C. Device interface 90 is for interfacing with a
number of monitoring devices 28, such as blood glucose
meters, respiratory flow meters, blood pressure cuffs, weight
scales, or pulse rate monitors, through device jacks 68A—C.
Device interface 90 operates under the control of micropro-
cessor 76 to collect measurements 44 from monitoring
devices 28 and to output the measurements to microproces-
sor 76 for storage in memory 80. In the preferred
embodiment, interface 90 is a standard RS232 interface. For
simplicity of illustration, only one device interface 90 is
shown in FIG. 4. However, in alternative embodiments,
apparatus 26 may include multiple device interfaces to
accommodate monitoring devices which have different con-
nection standards.

Referring again to FIG. 2, server 18 includes a monitoring
application 48. Monitoring application 48 is a controlling
software application executed by server 18 to perform the
various functions described below. Application 48 includes
a script generator 50, a script assignor 52, and a report
generator 54. Script generator 50 is designed to generate
script programs 40 from script information entered through
workstation 20. The script information is entered through a
script entry screen 56. In the preferred embodiment, script
entry screen 56 is implemented as a web page on server 18.
Workstation 20 includes a web browser for accessing the
web page to enter the script information.

FIG. 5 illustrates script entry screen 56 as it appears on
workstation 20. Screen 56 includes a script name field 92 for
specifying the name of a script program to be generated.
Screen 56 also includes entry fields 94 for entering a set of
queries to be answered by a patient. Each entry field 94 has
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corresponding response choice fields 96 for entering
response choices for the query. Screen 56 further includes
check boxes 98 for selecting a desired monitoring device 28,
such as a blood glucose meter, respiratory flow meter, or
blood pressure cuff, from which to collect measurements 44.

Screen 56 additionally includes a connection time field
100 for specifying a prescribed connection time at which
each apparatus 26 executing the script is to establish a
subsequent communication link to server 18. The connec-
tion time is preferably selected to be the time at which
communication rates are the lowest, such as 3:00 AM.
Screen 56 also includes a CREATE SCRIPT button 102 for
instructing script generator 50 to generate a script program
40 from the information entered in screen 56. Screen 56
further includes a CANCEL button 104 for canceling the
information entered in screen 56.

In the preferred embodiment, each script program 40
created by script generator 50 conforms to the standard file
format used on UNIX systems. In the standard file format,
each command is listed in the upper case and followed by a
colon. Every line in the script program 40 is terminated by
a linefeed character {LF}, and only one command is placed
on each line. The last character in the script program 40 is
a UNIX end of file character {EOF}. Table 1 shows an
exemplary listing of script commands used in the preferred
embodiment of the invention.

TABLE 1
SCRIPT COMMANDS

Command Description

CLS: {LF} Clear the display.

ZAP: {LF}  Erase from memory the last set of query responses
recorded.

LED: b{LF} Turn the LED on or off, where b is a binary digit of 0 or 1.
An argument of 1 turns on the LED, and an argument of 0
turns off the LED.

DISPLAY: Display the text following the DISPLAY command.

{chars} {LF}

INPUT: Record a button press. The m’s represent a button mask

mmmm{LF}  pattern for each of the four input buttons. Each m

contains an “X” for disallowed buttons or an “O” for
allowed buttons. For example, INPUT: OXOX{LF}
allows the user to press either button #1 or #3.

WAIT: Wait for any one button to be pressed, then continue

{LF} executing the script program.

COLLECT: Collect measurements from the monitoring device

device{LF} specified in the COLLECT command. The user is

preferably prompted to connect the specified monitoring
device to the apparatus and press a button to continue.

NUMBER: Assign a script identification code to the script program.

aaaa{LF} The script identification code from the most recently

executed NUMBER statement is subsequently
transmitted to the server along with the query responses
and device measurements. The script identification code
identifies to the server which script program was most
recently executed by the remote apparatus.

DELAY: Wait until time t specified in the DELAY command,

t{LF} usually the prescribed connection time.

CONNECT: Perform a connection routine to establish a

{LF} communication link to the server, transmit the patient

identification code, query responses, device
measurements, and script identification code to the
server, and receive and store a new script program. When
the server instructs the apparatus to disconnect, the script
interpreter is restarted, allowing the new script program
to execute.

The script commands illustrated in Table 1 are represen-
tative of the preferred embodiment and are not intended to
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limit the scope of the invention. After consideration of the
ensuing description, it will be apparent to one skilled in the
art many other suitable scripting languages and sets of script
commands may be used to implement the invention.

Script generator 50 preferably stores a script program
template which it uses to create each script program 40. To
generate a script program 40, script generator 50 inserts into
the template the script information entered in screen 56. For
example, FIGS. 6 A—6B illustrate a sample script program 40
created by script generator 50 from the script information
shown in FIG. §.

The script program 40 includes display commands to
display the queries and response choices entered in fields 94
and 96, respectively. The script program 40 also includes
input commands to receive responses 42 to the queries. The
script program 40 further includes a collect command to
collect device measurements 44 from the monitoring device
28 specified in check boxes 98. The script program 40 also
includes commands to establish a subsequent communica-
tion link to server 18 at the connection time specified in field
100 FIG. 5. The steps included in the script program 40 are
also shown in the flow chart of FIGS. 12A-12B and will be
discussed in the operation section below.

Referring again to FIG. 2, script assignor 52 is for
assigning script programs 40 to the patients. Script programs
40 are assigned in accordance with script assignment infor-
mation entered through workstation 20. The script assign-
ment information is entered through a script assignment
screen 57, which is preferably implemented as a web page
on server 18.

FIG. 7 illustrates a sample script assignment screen 57 as
it appears on workstation 20. Screen 57 includes check
boxes 106 for selecting a script program 40 to be assigned,
and check boxes 108 for selecting the patients to whom the
script program is to be assigned. Screen 57 also includes an
ASSIGN SCRIPT button 112 for entering the assignments.
When button 112 is pressed, script assignor 52 creates and
stores for each patient selected in check boxes 108 a
respective pointer to the script program 40 selected in check
boxes 106. Each pointer is stored in the patient look-up table
46 of database 38. Screen 57 further includes an ADD
SCRIPT button 110 for accessing the script entry screen and
a DELETE SCRIPT button 114 for deleting a script program
40.

Referring again to FIG. 2, report generator 54 is designed
to generate a patient report 58 from responses 42 and device
measurements 44 received in server 18. Patient report 58 is
displayed on workstation 20. FIG. 10 shows a sample patient
report 58 produced by report generator 54 for a selected
patient. Patient report 58 includes a graph 116 of the device
measurements 44 received from the patient, as well as a
listing of responses 42 received from the patient. Specific
techniques for writing a report generator program to display
data in this manner are well known in the art.

The operation of the preferred embodiment is illustrated
in FIGS. 1-12. FIG. 11A is a flow chart illustrating steps
included in the monitoring application executed by server
18. FIG. 11B is a continuation of the flow chart of FIG. 11A.
In step 202, server 18 determines if new script information
has been entered through script entry screen 56. If new script
information has not been entered, server 18 proceeds to step
206. If new script information has been entered, server 18
proceeds to step 204.

As shown in FIG. §, the script information includes a set
of queries, and for each of the queries, corresponding
response choices. The script information also includes a
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selected monitoring device type from which to collect
device measurements 44. The script information further
includes a prescribed connection time for each apparatus to
establish a subsequent communication link to server 18. The
script information is generally entered in server 18 by a
healthcare provider, such as the patients’ physician or case
manager. Of course, any person desiring to communicate
with the patients may also be granted access to server 18 to
create and assign script programs 40. Further, it is to be
understood that system 16 may include any number of
remote interfaces for entering script generation and script
assignment information in server 18.

In step 204, script generator 50 generates a script program
from the information entered in screen 56. The script pro-
gram is stored in database 38. Steps 202 and 204 are
preferably repeated to generate multiple script programs,
e.g. a script program for diabetes patients, a script program
for asthma patients, etc. Each script program corresponds to
a respective one of the sets of queries entered through script
entry screen 56. Following step 204, server 18 proceeds to
step 206.

In step 206, server 18 determines if new script assignment
information has been entered through assignment screen 57.
If new script assignment information has not been entered,
server 18 proceeds to step 210. If new script assignment
information has been entered, server 18 proceeds to step
208. As shown in FIG. 7, the script programs are assigned
to each patient by selecting a script program through check
boxes 106, selecting the patients to whom the selected script
program is to be assigned through check boxes 108, and
pressing the ASSIGN SCRIPT button 112. When button 112
is pressed, script assignor 52 creates for each patient selected
in check boxes 108 a respective pointer to the script program
selected in check boxes 106. In step 208, each pointer is
stored in look-up table 46 of database 38. Following step
208, server 18 proceeds to step 210.

In step 210, server 18 determines if any of the apparatuses
are remotely connected to the server. Each patient to be
monitored is preferably provided with his or her own
remotely programmable apparatus which has the patient’s
unique identification code stored therein. Each patient is
thus uniquely associated with a respective one of the appa-
ratuses. If none of the apparatuses is connected, server 18
proceeds to step 220.

If an apparatus is connected, server 18 receives from the
apparatus the patient’s unique identification code in step
212. In step 214, server 18 receives from the apparatus the
query responses 42, device measurements 44, and script
identification code recorded during execution of a previ-
ously assigned script program. The script identification code
identifies to server 18 which script program was executed by
the apparatus to record the query responses 42 and device
measurements 44. The responses, device measurements, and
script identification code are stored in database 38.

In step 216, server 18 uses the patient identification code
to retrieve from table 46 the pointer to the script program
assigned to the patient. Server 18 then retrieves the assigned
script program from database 38. In step 218, server 18
transmits the assigned script program to the patient’s
remotely programmable apparatus through communication
network 24. Following step 218, server 18 proceeds to step
220.

In step 220, server 18 determines if a patient report
request has been received from workstation 20. If no report
request has been received, server 18 returns to step 202. If
a report request has been received for a selected patient,
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server 18 retrieves from database 38 the measurements 44
and query responses 42 last received from the patient, step
222. In step 224, server 18 generates and displays patient
report 58 on workstation 20. As shown in FIG. 10, report 58
includes the device measurements 44 and query responses
42 last received from the patient. Following step 224, server
18 returns to step 202.

FIGS. 12A-12B illustrate the steps included in the script
program executed by apparatus 26. Before the script pro-
gram is received, apparatus 26 is initially programmed with
the patient’s unique identification code and the script inter-
preter used by microprocessor 76 to execute the script
program. The initial programming may be achieved during
manufacture or during an initial connection to server 18.
Following initial programming, apparatus 26 receives from
server 18 the script program assigned to the patient associ-
ated with apparatus 26. The script program is received by
modem 86 through a first communication link and stored in
memory 80.

In step 302, microprocessor 76 assigns a script identifi-
cation code to the script program and stores the script
identification code in memory 80. The script identification
code is subsequently transmitted to server 18 along with the
query responses 42 and device measurements 44 to identify
to server 18 which script program was most recently
executed by apparatus 26. In step 304, microprocessor 76
lights LED 74 to notify the patient that he or she has
unanswered queries stored in apparatus 26. LED 74 prefer-
ably remains lit until the queries are answered by the patient.
In step 306, microprocessor 76 erases from memory 80 the
last set of query responses recorded.

In step 308, microprocessor 76 prompts the patient by
displaying on display 64 “ANSWER QUERIES NOW?
PRESS ANY BUTTON TO START”. In step 310, micro-
processor 76 waits until a reply to the prompt is received
from the patient. When a reply is received, microprocessor
76 proceeds to step 312. In step 312, microprocessor 76
executes successive display and input commands to display
the queries and response choices on display 64 and to
receive responses to the queries.

FIG. 8 illustrates a sample query and its corresponding
response choices as they appear on display 64 The response
choices are positioned on display 64 such that each response
choice is located proximate a respective one of input buttons
70A-D. In the preferred embodiment, each response choice
is displayed immediately above a respective input button
70A-D. The patient presses the button 70A-D correspond-
ing to his or her response. Microprocessor 76 stores each
response in memory 80.

In steps 314-318, microprocessor 76 executes commands
to collect device measurements 44 from a selected monitor-
ing device 28. The script program specifies the selected
monitoring device from which to collect the measurements.
In step 314, microprocessor 76 prompts the patient to
connect the selected monitoring device 28, for example a
blood glucose meter, to one of device jacks 68A-C. A
sample prompt is shown in FIG. 9. In step 316, micropro-
cessor 76 waits until a reply to the prompt is received from
the patient. When a reply is received, microprocessor 76
proceeds to step 318. Microprocessor 76 also connects
UART 78 to interface 90 through switch 88. In step 318,
microprocessor 76 collects device measurements 44 from
monitoring device 28 through interface 90. measurements
44 are stored in memory 80.

In step 320, microprocessor 76 prompts the patient to
connect apparatus 26 to telephone jack 22 so that apparatus
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26 may connect to server 18 at the prescribed connection
time. In step 322, microprocessor 76 waits until a reply to
the prompt is received from the patient. When a reply is
received, microprocessor 76 turns off LED 74 in step 324. In
step 326, microprocessor 76 waits until it is time to connect
to server 18. Microprocessor 76 compares the connection
time specified in the script program to the current time
output by clock 84. When it is time to connect, micropro-
cessor 76 connects UART 78 to modem 86 through switch
88.

In step 328, microprocessor 76 establishes a subsequent
communication link between apparatus 26 and server 18
through modem 86 and communication network 24. If the
connection fails for any reason, microprocessor 76 repeats
step 328 to get a successful connection. In step 330, micro-
processor 76 transmits the device measurements 44, query
responses 42, script identification code, and patient identi-
fication code stored in memory 80 to server 18 through the
subsequent communication link. In step 332, microproces-
sor 76 receives through modem 86 a new script program
from server 18. The new script program is stored in memory
80 for subsequent execution by microprocessor 76. Follow-
ing step 332, the script program ends.

One advantage of the monitoring system of the present
invention is that it allows each patient to select a convenient
time to respond to the queries, so that the monitoring system
is not intrusive to the patient’s schedule. A second advantage
of the monitoring system is that it incurs very low commu-
nications charges because each remote apparatus connects to
server 18 at times when communication rates are lowest.
Moreover, the cost to manufacture each remote apparatus 26
is very low compared to personal computers or internet
terminals, so that the monitoring system is highly affordable.

A third advantage of the monitoring system is that it
allows each apparatus 26 to be programmed remotely
through script programs 40. Patient surveys, connection
times, display prompts, selected monitoring devices, patient
customization, and other operational details of each appa-
ratus 26 may be easily changed by transmitting a new script
program 40 to apparatus 26. Moreover, each script program
40 may be easily created and assigned by remotely accessing
server 18 through the Internet. Thus, the invention provides
a powerful, convenient, and inexpensive system for
remotely monitoring a large number of patients.

FIGS. 13-15 illustrate a second embodiment of the inven-
tion in which each remotely programmable apparatus has
speech recognition and speech synthesis functionality. FIG.
13 shows a perspective view of remotely programmable
apparatus 27 according to the second embodiment. Appara-
tus 27 includes a speaker 72 for audibly communicating
queries and prompts to the patient. Apparatus 27 also
includes a microphone 118 for receiving spoken responses to
the queries and prompts. Apparatus 27 may optionally
include a display 64 for displaying prompts to the patient, as
shown in FIG. 14.

FIG. 15 is a schematic block diagram illustrating the
components of apparatus 27 in greater detail. Apparatus 27
is similar in design to apparatus 26 of the preferred embodi-
ment except that apparatus 27 includes an audio processor
chip 120 in place of microprocessor 76. Audio processor
chip 120 is preferably an RSC-164 chip commercially
available from Sensory Circuits Inc. of 1735 N. First Street,
San Jose, Calif. 95112.

Audio processor chip 120 has a microcontroller 122 for
executing script programs received from server 18. A
memory 80 is connected to microcontroller 122. Memory 80
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stores the script programs and a script interpreter used by
microcontroller 122 to execute the script programs. Memory
80 also stores measurements received from monitoring
device 28, responses to the queries, script identification
codes, and the patient’s unique identification code.

Audio processor chip 120 also has built in speech syn-
thesis functionality for synthesizing queries and prompts to
a patient through speaker 72. For speech synthesis, chip 120
includes a digital to analog converter (DAC) 142 and an
amplifier 144. DAC 142 and amplifier 144 drive speaker 72
under the control of microcontroller 122.

Audio processor chip 120 further has built in speech
recognition functionality for recognizing responses spoken
into microphone 118. Audio signals received through micro-
phone 118 are converted to electrical signals and sent to a
preamp and gain control circuit 128. Preamp and gain
control circuit 128 is controlled by an automatic gain control
circuit 136, which is in turn controlled by microcontroller
122. After being amplified by preamp 128, the electrical
signals enter chip 120 and pass through a multiplexer 130
and an analog to digital converter (ADC) 132. The resulting
digital signals pass through a digital logic circuit 134 and
enter microcontroller 122 for speech recognition.

Audio processor chip 120 also includes a RAM 138 for
short term memory storage and a ROM 140 which stores
programs executed by microcontroller 122 to perform
speech recognition and speech synthesis. Chip 120 operates
at a clock speed determined by a crystal 126. Chip 120 also
includes a clock 84 which provides the current date and time
to microcontroller 122. As in the preferred embodiment,
apparatus 27 includes an LED 74, display driver 82, modem
86, and device interface 90, all of which are connected to
microcontroller 122.

The operation of the second embodiment is similar to the
operation of the preferred embodiment except that queries,
response choices, and prompts are audibly communicated to
the patient through speaker 72 rather than being displayed to
the patient on display 64. The operation of the second
embodiment also differs from the operation of the preferred
embodiment in that responses to the queries and prompts are
received through microphone 118 rather than through user
input buttons.

The script programs of the second embodiment are similar
to the script program shown in FIGS. 6A—6B, except that
each display command is replaced by a speech synthesis
command and each input command is replaced by a speech
recognition command. The speech synthesis commands are
executed by microcontroller 122 to synthesize the queries,
response choices, and prompts through speaker 72. The
speech recognition commands are executed by microcon-
troller 122 to recognize responses spoken into microphone
118.

For example, to ask the patient how he or she feels and
record a response, microcontroller 122 first executes a
speech synthesis command to synthesize through speaker 72
“How do you feel? Please answer with one of the following
responses: very bad, bad, good, or very good.” Next, micro-
controller 118 executes a speech recognition command to
recognize the response spoken into microphone 118. The
recognized response is stored in memory 80 and subse-
quently transmitted to the server. Other than the differences
described, the operation and advantages of the second
embodiment are the same as the operation and advantages of
the preferred embodiment described above.

Although the first and second embodiments focus on
querying individuals and collecting responses to the queries,
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the system of the invention is not limited to querying
applications. The system may also be used simply to com-
municate messages to the individuals. FIGS. 1619 illustrate
a third embodiment in which the system is used to perform
this automated messaging function. In the third embodiment,
each script program contains a set of statements to be
communicated to an individual rather than a set of queries to
be answered by the individual. Of course, it will be apparent
to one skilled in the art that the script programs may
optionally include both queries and statements.

The third embodiment also shows how the queries and
statements may be customized to each individual by merg-
ing personal data with the script programs, much like a
standard mail merge application. Referring to FIG. 16,
personal data relating to each individual is preferably stored
in look-up table 46 of database 38. By way of example, the
data may include each individual’s name, the name of each
individual’s physician, test results, appointment dates, or
any other desired data. As in the preferred embodiment,
database 38 also stores generic script programs 40 created
by script generator 50.

Server 18 includes a data merge program 55 for merging
the data stored in table 46 with generic script programs 40.
Data merge program 55 is designed to retrieve selected data
from table 46 and to insert the data into statements in generic
script programs 40, thus creating custom script programs 41.
Each custom script program 41 contains statements which
are customized to an individual. For example, the statements
may be customized with the individual’s name, test results,
etc. Examples of such customized statements are shown in
FIGS. 17-18.

The operation of the third embodiment is similar to the
operation of the preferred embodiment except that the script
programs are used to communicate messages to the indi-
viduals rather than to query the individuals. Each message is
preferably a set of statements. Referring to FIG. 19, the
statements may be entered in server 18 through script entry
screen 56, just like the queries of the preferred embodiment.

Each statement preferably includes one or more insert
commands specifying data from table 46 to be inserted into
the statement. The insert commands instruct data merge
program 55 to retrieve the specified data from database 38
and to insert the data into the statement. For example, the
insert commands shown in FIG. 19 instruct data merge
program 55 to insert a physician name, an appointment date,
a patient name, and a test result into the statements. As in the
preferred embodiment, each statement may also include one
or more response choices which are entered in fields 96.

Following entry of the statements and response choices,
CREATE SCRIPT button 102 is pressed. When button 102
is pressed, script generator 50 generates a generic script
program from the information entered in screen 56. The
generic script program is similar to the script program
shown in FIGS. 6A—6B, except that the display commands
specify statements to be displayed rather than queries.
Further, the statements include insert commands specifying
data to be inserted into the script program. As in the
preferred embodiment, multiple script programs are prefer-
ably generated, e.g. a generic script program for diabetes
patients, a generic script program for asthma patients, etc.
The generic script programs are stored in database 38.

Following generation of the generic script programs,
server 18 receives script assignment information entered
through script assignment screen 57. As shown in FIG. 7, the
script programs are assigned by first selecting one of the
generic script programs through check boxes 106, selecting
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individuals through check boxes 108, and pressing the
ASSIGN SCRIPT button 112. When button 112 is pressed,
data merge program 55 creates a custom script program 41
for each individual selected in check boxes 108.

Each custom script program 41 is preferably created by
using the selected generic script program as a template. For
each individual selected, data merge program 55 retrieves
from database 38 the data specified in the insert commands.
Next, data merge program 55 inserts the data into the
appropriate statements in the generic script program 40 to
create a custom script program 41 for the individual. Each
custom script program 41 is stored in database 38.

As each custom script program 41 is generated for an
individual, script assignor 52 assigns script program 41 to
the individual. This is preferably accomplished by creating
a pointer to the custom script program and storing the
pointer with the individual’s unique identification code in
table 46. When the individual’s remotely programmable
apparatus connects to server 18, server 18 receives from
remotely programmable apparatus 26 the individual’s
unique identification code. Server 18 uses the unique iden-
tification code to retrieve from table 46 the pointer to the
custom script program assigned to the individual. Next,
server 18 retrieves the assigned script program from data-
base 38 and transmits the script program to the individual’s
remotely programmable apparatus 26 through communica-
tion network 24.

The apparatus receives and executes the script program
The execution of the script program is similar to the execu-
tion described in the preferred embodiment, except that
statements are displayed to the individual rather than que-
ries. FIGS. 17-18 illustrate two sample statements as they
appear on display 64. Each statement includes a response
choice, preferably an acknowledgment such as “OK”. After
reading a statement, the individual presses the button
70A-D corresponding to the response choice to proceed to
the next statement. Alternatively, the script program may
specify a period of time that each statement is to be
displayed before proceeding to the next statement. The
remaining operation of the third embodiment is analogous to
the operation of the preferred embodiment described above.

Although it is presently preferred to generate a custom
script program 41 for each individual as soon as script
assignment information is received for the individual, it is
also possible to wait until the individual’s apparatus 26
connects to server 18 before generating custom script pro-
gram 41. This is accomplished by creating and storing a
pointer to the generic script program 40 assigned to the
individual, as previously described in the preferred embodi-
ment. When the individual’s apparatus 26 connects to server
18, data merge program 55 creates a custom script program
41 for the individual from the generic script program 40
assigned to the individual. The custom script program 41 is
then sent to the individual’s apparatus 26 for execution.

SUMMARY, RAMIFICATIONS, AND SCOPE

Although the above description contains many
specificities, these should not be construed as limitations on
the scope of the invention but merely as illustrations of some
of the presently preferred embodiments. Many other
embodiments of the invention are possible. For example, the
scripting language and script commands shown are repre-
sentative of the preferred embodiment. It will be apparent to
one skilled in the art many other scripting languages and
specific script commands may be used to implement the
invention.
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Moreover, the invention is not limited to the specific
applications described. The system and method of the inven-
tion have many other application both inside and outside the
healthcare industry. For example, pharmaceutical manufac-
turers may apply the system in the clinical development and
post marketing surveillance of new drugs, using the system
as an interactive, on-line monitoring tool for collecting data
on the efficacy, side effects, and quality of life impact of the
drugs. Compared to the current use of labor intensive patient
interviews, the system provides a fast, flexible, and cost
effective alternative for monitoring the use and effects of the
drugs.

The system may also be used by home healthcare com-
panies to enhance the service levels provided to customers,
e.g. panic systems, sleep surveillance, specific monitoring of
disease conditions, etc. Alternatively, the system may be
used to monitor and optimize the inventory of home sta-
tioned health supplies. As an example, the system may be
connected to an appropriate measuring device to optimize
timing of oxygen tank delivery to patients with chronic
obstructive pulmonary disease (COPD).

The system and method of the invention also have many
applications outside the healthcare industry. For example,
the system may be used for remote education over the
Internet, facilitating educational communication with chil-
dren or adult trainees who lack access to sophisticated and
expensive computer equipment. The system may also be
used by law enforcement officers to perform on-line surveil-
lance of individuals on probation or parole.

Further, the invention has numerous applications for
gathering data from remotely located devices. For example,
the system may be used to collect data from smart
appliances, such as identification check systems.
Alternatively, the system may be applied to the remote
monitoring of facilities, including safety and security
monitoring, or to environmental monitoring, including pol-
lution control and pipeline monitoring. Many other suitable
applications of the invention will be apparent to one skilled
in the art.

Therefore, the scope of the invention should be deter-
mined not by the examples given, but by the appended
claims and their legal equivalents.

What is claimed is:

1. A system for remotely monitoring an individual, the
system comprising:

a) a server;

b) remote interface means for entering in the server a set

of queries to be answered by the individual; and

¢) a remotely programmable apparatus for interacting

with the individual, the remotely programmable appa-

ratus being in communication with the server via a

communication network;

wherein the server comprises:

1) script generating means for generating a script pro-
gram from the set of queries, the script program
being executable by the remotely programmable
apparatus to communicate the set of queries to the
individual, to receive responses to the set of queries,
and to transmit the responses from the remotely
programmable apparatus to the server; and

ii) database means connected to the script generating
means, the database means for storing the script
program and the responses to the set of queries;

and wherein the remotely programmable apparatus com-

prises:

i) communication means for receiving the script pro-
gram from the server and for transmitting the
responses to the server;
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ii) user interface means for communicating the set of
queries to the individual and for receiving the
responses to the set of queries;

iif) memory means for storing the script program and
the responses to the set of queries; and

iv) processor means connected to the communication
means, the user interface means, and the memory
means for executing the script program to commu-
nicate the set of queries to the individual, to receive
the responses to the set of queries, and to transmit the
responses to the server.

2. The system of claim 1, wherein the server comprises a
web server having a web page for entry of the set of queries,
and wherein the remote interface means is connected to the
web server via the Internet.

3. The system of claim 1, wherein the user interface
means comprises a display for displaying the queries, and
user input buttons for entering the responses.

4. The system of claim 1, wherein the user interface
means includes a speech synthesis means for audibly com-
municating the set of queries to the individual.

5. The system of claim 1, wherein the user interface
means includes a speech recognition means for receiving
spoken responses to the set of queries.

6. The system of claim 1, further comprising at least one
monitoring device for producing measurements of a physi-
ological condition of the individual and for transmitting the
measurements to the remotely programmable apparatus,
wherein the remotely programmable apparatus further
includes device interface means connected to the processor
means for receiving the measurements from the monitoring
device, the memory means includes means for storing the
measurements, and the communication means includes
means for transmitting the measurements to the server.

7. The system of claim 6, wherein the device interface
means includes means for interfacing with a plurality of
monitoring devices, and the script program specifies a
selected one of the plurality of monitoring devices from
which to collect the measurements.

8. The system of claim 6, wherein the server further
comprises report means for displaying the responses and the
measurements on the remote interface means.

9. The system of claim 1, wherein the communication
means includes means for establishing a first communication
link to the server to receive the script program and means for
establishing a subsequent communication link to the server
to transmit the responses, and wherein the script program
specifies a connection time at which to establish the subse-
quent communication link.

10. The system of claim 1, wherein the remotely pro-
grammable apparatus further comprises notification means
connected to the processor means, the notification means for
notifying the individual that unanswered queries are stored
in the remotely programmable apparatus.

11. The system of claim 10, wherein the notification
means comprises a visual indicator for visually notifying the
individual.

12. The system of claim 10, wherein the notification
means comprises a display for displaying a prompt.

13. The system of claim 1, further comprising a plurality
of remotely programmable apparatuses in communication
with the server, the plurality of remotely programmable
apparatuses for remotely monitoring a corresponding plu-
rality of individuals, wherein the database means includes
means for storing a plurality of script programs, the remote
interface means includes means for entering script assign-
ment information, the server includes script assignment
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means connected to the database means for assigning to each
of the plurality of individuals at least one of the plurality of
script programs in accordance with the script assignment
information, and the database means further includes means
for storing a list of the plurality of individuals, and for each
of the plurality of individuals, a respective pointer to the at
least one of the plurality of script programs assigned to each
of the plurality of individuals.

14. A method for remotely monitoring an individual, the
method comprising the following steps:

a) providing the individual with an apparatus having:

i) a communication means for exchanging data with a
server through a communication network, wherein
the data includes a script program executable by the
apparatus to communicate queries to the individual,
to receive responses to the queries, and to transmit
the responses to the server;

i) a memory means for storing the script program and
the responses to the queries;

iii) a user interface means for communicating the
queries to the individual and for receiving the
responses to the queries; and

iv) a processor means connected to the communication
means, the user interface means, and the memory
means for executing the script program;

b) entering in the server the queries to be answered by the

individual;

¢) generating the script program from the queries;

d) transmitting the script program from the server to the

apparatus through the communication network;

¢) executing the script program in the apparatus to com-

municate the queries, to receive the responses, and to

transmit the responses to the server; and

f) receiving and storing the responses in the server.

15. The method of claim 14, wherein the server comprises
a web server having a web page for entry of the queries, and
wherein the queries are entered by accessing the web page
through the Internet and entering the queries in the web
page.

16. The method of claim 14, wherein the apparatus further
comprises a device interface connected to the processor
means for receiving from a monitoring device measurements
of a physiological condition of the individual, and wherein
the method further comprises the steps of:

a) collecting the measurements in the apparatus through

the device interface;

b) transmitting the measurements from the apparatus to

the server; and

¢) receiving and storing the measurements in the server.

17. The method of claim 16, wherein the device interface
includes means for interfacing with a plurality of monitoring
devices, the script program specifies a selected one of the
plurality of monitoring devices from which to collect the
measurements, and the method further comprises the step of
prompting the individual to connect the selected one of the
plurality of monitoring devices to the device interface.

18. The method of claim 16, further comprising the step
of reporting on a remote interface the responses and mea-
surements received in the server.

19. The method of claim 14, wherein the script program
is transmitted from the server to the apparatus through a first
communication link, the responses to the queries are trans-
mitted from the apparatus to the server through a subsequent
communication link, and the script program specifies a
connection time at which to establish the subsequent com-
munication link.
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20. The method of claim 14, further comprising the step
of notifying the individual when unanswered queries are
stored in the apparatus.

21. The method of claim 20, wherein the apparatus further
comprises a visual indicator connected to the processor
means and the step of notifying the individual comprises
lighting the visual indicator.

22. The method of claim 20, wherein the apparatus further
comprises a display connected to the processor means and
the step of notifying the individual comprises displaying a
prompt on the display.

23. The method of claim 14, wherein the user interface
means comprises a display and input buttons, and wherein
the queries are communicated through the display and the
responses are received through the input buttons.

24. The method of claim 14, wherein the user interface
means includes a speech synthesizer, and wherein the que-
ries are communicated through the speech synthesizer.

25. The method of claim 14, wherein the user interface
means includes a speech recognizer, and wherein the
responses are received through the speech recognizer.

26. The method of claim 14, further comprising the steps
of:

a) providing a plurality of individuals with a correspond-
ing plurality of apparatuses such that each of the
plurality of individuals is associated with a respective
one of the plurality of apparatuses;

b) entering in the server a plurality of sets of queries;

¢) generating in the server a plurality of script programs
such that each of the plurality of script programs
corresponds to a respective one of the plurality of sets
of queries;

d) assigning to each of the plurality of individuals at least
one of the plurality of script programs;

¢) storing in the server the plurality of script programs, a
list of the plurality of individuals, and for each of the
plurality of individuals, a respective pointer to the at
least one of the plurality of script programs assigned to
each of the plurality of individuals; and

f) transmitting to each of the plurality of apparatuses the
at least one of the plurality of script programs assigned
to each of the plurality of individuals associated with
the respective one of the plurality of apparatuses.

27. The system of claim 1, wherein the communication

means comprises a modem.

28. The system of claim 1, wherein the system is adapted
to allow the individual to select a time at which to respond
to the set of queries.

29. The system of claim 1, wherein the server includes a
merge program and a database, said database including a
look-up table, said look-up table for storing personal data
relating to the individual, and said merge program for
merging the personal data with at least one generic script
program to provide at least one custom script program.

30. The system of claim 29, wherein the at least one
custom script program contains information customized to
the individual.

31. A system for communicating information to an
individual, the system comprising:

a) a server;

b) a remote interface means connected to the server, the
remote interface means for specifying a message to be
communicated to the individual; and

¢) a remotely programmable apparatus for communicat-
ing the message to the individual, the remotely pro-
grammable apparatus being networked to the server via
a communication network;
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wherein the server includes a script generating means for

generating a script program executable by the remotely

programmable apparatus to communicate the message
to the individual;

and wherein the apparatus comprises:

i) communication means for receiving the script pro-
gram from the server;

ii) memory means for storing the script program;

iii) user interface means for communicating the mes-
sage to the individual; and

iv) processor means connected to the communication
means, the user interface means, and the memory
means for executing the script program.

32. The system of claim 31, wherein the server further
includes database means connected to the script generating
means, the database means for storing data relating to the
individual, and wherein the script generating means includes
means for inserting the data into the script program to
customize the message to the individual.

33. The system of claim 31, wherein the server comprises
a web server, and wherein the remote interface means is
connected to the web server via the Internet.

34. The system of claim 31, wherein the user interface
means comprises a display for displaying the message to the
individual.

35. The system of claim 31, wherein the user interface
means comprises a speech synthesis means for audibly
communicating the message to the individual.

36. The system of claim 31, wherein the communication
means includes means for establishing a first communication
link to the server to receive a first script program and means
for establishing a subsequent communication link to the
server to receive a new script program, and wherein the first
script program specifies a connection time at which to
establish the subsequent communication link.

37. The system of claim 31, wherein the remotely pro-
grammable apparatus further includes notification means,
the notification means connected to the processor means for
notifying the individual that a new message has been
received.

38. The system of claim 37, wherein the notification
means comprises a visual indicator for visually notifying the
individual.

39. The system of claim 37, wherein the notification
means comprises a display for displaying a prompt.

40. The system of claim 31, further comprising a plurality
of remotely programmable apparatuses networked to the
server for communicating information to a corresponding
plurality of individuals, wherein the server includes database
means for storing a plurality of script programs, the remote
interface means includes means for entering in the server
script assignment information, the server includes script
assignment means connected to the database means for
assigning to each of the plurality of individuals at least one
of the plurality of script programs in accordance with the
script assignment information, and the database means fur-
ther includes means for storing a list of the plurality of
individuals, and for each of the plurality of individuals, a
respective pointer to the at least one of the plurality of script
programs assigned to each of the plurality of individuals.

41. A method for communicating information to an
individual, the method comprising the following steps:

a) providing the individual with an apparatus having:

i) a communication means for exchanging data with a
server through a communication network, wherein
the data includes a script program executable by the
apparatus to communicate a message to the indi-
vidual;

ii) a memory means for storing the script program;

iif) a user interface for communicating the message;
and
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iv) a processor means connected to the communication
means, the memory means, and the user interface for
executing the script program;

b) entering in the server the message to be communicated
to the individual,

¢) generating the script program in the server;

d) transmitting the script program from the server to the
apparatus through the communication network; and

¢) executing the script program in the apparatus to com-

municate the message to the individual.

42. The method of claim 41, wherein the step of trans-
mitting the script program from the server to the apparatus
is preceded by the steps of: storing in the server data relating
to the individual, and inserting the data into the script
program to customize the message to the individual.

43. The method of claim 41, wherein the server comprises
a web server having a web page for entry of the message,
and wherein the message is entered in the server by access-
ing the web page through the Internet and entering the
message in the web page.

44. The method of claim 41, wherein the script program
is transmitted from the server to the apparatus through a first
communication link, the script program specifies a connec-
tion time at which the apparatus is to establish a subsequent
communication link to the server, and the method further
comprises the steps of establishing the subsequent commu-
nication link at the specified connection time and receiving
a new script program in the apparatus through the subse-
quent communication link.

45. The method of claim 41, further comprising the step
of notifying the individual when a new message has been
received in the apparatus.

46. The method of claim 45, wherein the apparatus further
comprises a visual indicator connected to the processor
means and the step of notifying the individual comprises
lighting the visual indicator.

47. The method of claim 45, wherein the apparatus further
comprises a display connected to the processor means and
the step of notifying the individual comprises displaying a
prompt on the display.

48. The method of claim 41, wherein the user interface
comprises a display, and the message is communicated to the
individual by displaying the message on the display.

49. The method of claim 41, wherein the user interface
comprises a speech synthesizer, and the message is com-
municated to the individual by audibly synthesizing the
message through the speech synthesizer.

50. The method of claim 41, further comprising the steps
of:

a) providing a plurality of individuals with a correspond-
ing plurality of apparatuses such that each of the
plurality of individuals is associated with a respective
one of the plurality of apparatuses;

b) generating in the server a plurality of script programs;

¢) assigning to each of the plurality of individuals at least
one of the plurality of script programs;

d) storing in the server the plurality of script programs, a
list of the plurality of individuals, and for each of the
plurality of individuals, a respective pointer to the at
least one of the plurality of script programs assigned to
each of the plurality of individuals; and

e) transmitting to each of the plurality of apparatuses the
at least one of the plurality of script programs assigned
to each of the plurality of individuals associated with
the respective one of the plurality of apparatuses.

#* #* #* #* #*
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NUMBER: 9001 {LF}
LED: 1 {LF}
ZAP: {LF)
CLS: {LF)
DISPLAY: ANSWER QUERIES NOW?
PRESS ANY BUTTON TO START {LF}

WAIT: {LF}
CLS: {LF}
DISPLAY: HOW DO YOU FEEL?
VERY VERY
BAD BAD  GOOD GOOD {LF
INPUT: 0000 {LF}
CLS: {LF}
DISPLAY: HOW WELL ARE YOU
MANAGING YOUR DISEASE?
VERY VERY

WELL BADLY WELL WELL {LF}
INPUT: 0000 {LF}
CLS: {LF}
DISPLAY: HOW HARD IS IT FOR YOU TO
FOLLOW YOUR TREATMENT PLAN?
VERY VERY
HARD HARD  EASY  EASY [LF}
INPUT: 0000 {LF}
CLS: {LF}
DISPLAY: HOW HARD IS IT FOR YOU TO
CONTROL YOUR BLOOD SUGAR?
VERY VERY
HARD HARD  EASY  EASY {LF}
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INPUT: 0000 {LF}

CLS: {LF}

DISPLAY: CONNECT GLUCOSE METER
AND PRESS ANY BUTTON
WHEN FINISHED {LF}

WAIT: {LF}

CLS: {LF}

DISPLAY: COLLECTING MEASUREMENTS {LF)
COLLECT: GLUCOSE METER {LF}

CLS: {LF}

DISPLAY: CONNECT APPARATUS TO
TELEPHONE JACK AND
PRESS ANY BUTTON
WHEN FINISHED {LF)

WAIT: {LF)

LED: 0 {LF)

CLS: {LF}

DELAY: 03:00 {LF)

DISPLAY: CONNECTING TO SERVER {LF}
CONNECT: {LF)

{EOF)

Fio. 2067



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page48 of 177

U.S. Patent Jan. 1, 2002 Sheet 18 of 27 US 6,334,778 B1
2057~ SCRIPT ASSIGNMENT SCREEN
AVAILABLE SCRIPTS: PATIENTS:
2106 —~_IxX) DIABETES SCRIPT I H08~_r¥] DANLINDSEY
(] DIBETES SCRIPT2 [] MARK SMITH
[] ASTHMASCRIPT I [] DEANJONES
| ADDSCRIPT | | ASSIGN SCRIPT | | DELETE SCRIPT |
Y \ )
C 2110 . L 2112 L 2114
Lo 207
HOW DO YOU FEEL? =z
2026~ | VERY VERY
BAD  BAD  GOOD  GOOD

) ) ) )
62070A é2070B é2070C (2070D

Fiz. 208

CONNECT GLUCOSE METER
AND PRESS ANY BUTTON J/2064
2026 ay WHEN FINISHED

)
é2070A 120703 42070C <2070D

Fiz. 209




Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page49 of 177

US 6,334,778 Bl

Sheet 19 of 27

Jan. 1, 2002

U.S. Patent

dIC 17
SY10H QUVH 44
pe oz 0z 81 91 a0 o8 9 ¥¥915 Q00T 4104 T04INOD
T T 1 T T 7 0s 01 104 404 LI ST GQ¥VH HOH
109
0L QYVH 1434
NVId INTRLVZUL 4104 HOT104
108 01 104 404 11 ST QUVH #OH
{06
001 7y A1avg
iy (ASVISIT 410K DNIDVNVI
104 T4V TTAM MOH
071
< i BN
g T334 104 00 MOH
o8I
091 SASNOSTH 14410
Ns: NQ%
(AT L661 STHOWVI | INGHAAASVAN 40 ALVA NV@A4SANIT | “INAIIV
LHOdTY INTILVd

8507 W




Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page50 of 177

U.S. Patent Jan. 1, 2002 Sheet 20 of 27 US 6,334,778 B1

START
MONITORING

APPLICATION

®
Y

GENERATE | 2204
AND STORE
SCRIPT PROGRAM

SCRIPT
ENTRY

STORE SCRIPT | 2208

ASSIGNMENTS
y
REMOTE “\_ YES RECEVE | 2212
CONNECT UNIQUE ID
?

NO

<t
-

Y
RECEIVE AND STORE | 2214
RESPONSES AND
MEASUREMENTS

y

RETRIEVE | ~2216
ASSIGNED SCRIPT

A 4

TRANSMIT | 2218
ASSIGNED SCRIPT

Fio 2774



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page51 of 177

U.S. Patent Jan. 1, 2002 Sheet 21 of 27 US 6,334,778 B1

PATIENT
REPORT

NO

\

2222~_| RECEIVE AND STORE
RESPONSES AND
MEASUREMENTS

2224~_|  GENERATE AND
DISPLAY REPORT

A

®

Fio. 2178



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page52 of 177

U.S. Patent Jan. 1, 2002 Sheet 22 of 27 US 6,334,778 B1

START
SCRIPT

PROGRAM

y

2302~_|  ASSIGN SCRIPT ID

y

804~ LIGHTLED

Y
2306~_|  ERASE LAST
RESPONSES

Y

2308~_|  PROMPT PATIENT

Y

2310~_|  RECEIVE REPLY

Y

2312~_| DISPLAY QUERIES
AND RECORD
RESPONSES

Y

234 —\W PROMPT FOR
DEVICE

CONNECTION

A

2316~_|  RECEIVE REPLY

A

2318~_| COLLECT AND STORE
MEASUREMENTS

Frg 2724



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page53 of 177

U.S. Patent

Jan.1,2002  Sheet 23 of 27 US 6,334,778 B1
220~_|  PROMPTFOR
PHONE LINE
CONNECTION
\
2322~ RECEIVE REPLY
Y
234 TURN OFF LED
Y
2326 WAIT TO
CONNECT
Y
BB~  CONNECT
TO SERVER
A
B30~ TRANSMIT
RESPONSES AND
MEASUREMENTS
\ 4
2332~_| RECEIVE AND STORE
NEW SCRIPT

SCRIPT

PROGRAM

Fig. 2128



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page54 of 177

U.S. Patent Jan. 1, 2002 Sheet 24 of 27 US 6,334,778 B1

N
O
D
N

Fio. 217




Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page55 of 177

U.S. Patent Jan. 1, 2002 Sheet 25 of 27 US 6,334,778 B1
227 | YOU HAVE UNANSWERED 2064
QUERIES. SAY "BEGIN" 1 .
TO START SURVEY. fég, 2/
SERVER ~_ 2018
2038} DATABASE r:
2040— 1|  GENERIC SCRIPTS 8. 216
204144  CUSTOM SCRIPTS 3-2026
REMOTE APPARATUS
2046— TABLE . . CUSTOM
— SCRIPT PROGRAM
2050—~_-  SCRIPT GENERATOR
]
2052—_{  SCRIPT ASSIGNOR
]
2055—+_{  MERGE PROGRAM
YOUR NEXT APPOINTMENT 2064
202 6\/ ZITH DR. JONES IS ON +1
ARCH 15, 1997, .
OK Lo 217
1 [ ] 1
Z2070A (20703 (20700 2070D
DAN, YOUR LAB RESULTS 2064
FOR HEMOGLOBIN ARE 6.74, 4"
2026\/ ARE 6.74
OK Lr19, 278
| ]

]
Z2070A (2070B (2070C Z2070D



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page56 of 177

US 6,334,778 Bl

Sheet 26 of 27

Jan. 1, 2002

U.S. Patent

S/ oL

YO¥r DIAIa
m%ﬁmﬁﬁ 7700 0 NH erpe— | ONIHOLINOW
907
9907 :ww@: AVIdSId ‘
oz 1 0607 1 F—~L
I 7907 ] V9907
§5f yia |
WAGOW AV1dSIa HIVAYTINI /I IOVl | ge00c
EVE D90
e B cie M 0217
N o
e~ ova 2av
o1z A Tou 21907 TVLIDIA
, 4 8117
ssiz - v YTTTIOUINOJOUIIN W g,
_ TOYINOGD
V%QN.\ 01 YAXAHILTIN |« NIVD NV
261z dWVTNd
oa kil I_ET LHONTN 0802 NEN
9717



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page57 of 177

US 6,334,778 Bl

Sheet 27 of 27

Jan. 1, 2002

U.S. Patent

9607

6/C Olf
x:mq NENQ %Rq
\ \ \
TAINY) LTS HIVIY) FAN 00:€0 ANILL NOLLDANNOD
ATINTLSISNOD
Yo ASDYIXT O JTIWIWAY

“<IWVN INAILVd L¥ASNI>>

<<ITNSTY DIVIH LYASNI>> Y4V

11600

Y0 NIGOTOOWIH Y04 SLINSAY V'
YNO0A <<AWYN INAILVd LYISNI>>
<ALVaA INIWINIOddV TYASNI>>
N X0 NO ST <<HWVN NVIDISAHd LYASNI>>
HILIM INTWINIOddY IXAN ¥104
YIIOH)  EDI0HD  THDIOH)  [HDIOHD SINIWALVIS
7607 ] { LdIYOS SALAGVIA ‘AWVN Ld1DS
NATYOS KAYINA 1dIYDS
N 9500



Caseb5:12-cv-00068-PSG Documentl-1 Filed01/05/12 Page58 of 177

US 6,334,778 B1

1

REMOTE PSYCHOLOGICAL DIAGNOSIS
AND MONITORING SYSTEM

RELATED APPLICATIONS

This application is a continuation-in-part of U.S. patent
application No. 09/127,404 filed Jul. 31, 1998, which is a
continuation of U.S. patent application Ser. No. 08/843,495
which was filed Apr. 16, 1997 and issued on Oct. 27, 1998
as U.S. Pat. No. 5,828,943, and which is a file wrapper
continuation of U.S. patent application Ser. No. 08/682,385
filed Jul. 17, 1996, now abandoned, which is a file wrapper
continuation of U.S. patent application Ser. No. 08/479,570
filed Jun. 7, 1995, now abandoned, which is a file wrapper
continuation of U.S. patent application Ser. No. 08/233,674
filed Apr. 26, 1994, now abandoned, priority from the filing
date of which is hereby claimed under 35 U.S.C. §120, and
all of which are hereby incorporated in their entirety by
reference.

All the new subject matter in this continuation-in-part
application comes from U.S. patent application Ser. No.
08/946,341, filed Oct. 7, 1997, which claims priority from
provisional application No. 60/041,746 filed Mar. 28, 1997
and from provisional application No. 60/041,751 filed Mar.
28, 1997, priority from the filing date of which is hereby
claimed under 35 U.S.C. §120, and all of which are incor-
porated herein by reference. For clarity, figure numbers and
reference numerals from Ser. No. 08/946,341 have all been
increased by a constant, respectively, in order to enable
easier distinction as to the origin of the matter herein.
Specifically, figure numbers have been increased by 200 and
reference numerals by 2000.

FIELD OF THE INVENTION

This invention relates to apparatus and methods for diag-
nostic assessment of psychological conditions that enable a
patient or user to collect important diagnostic measures of
psychological conditions or behavior for transmittal to and
analysis by a health care professional. The invention further
relates generally to communication systems for remote
monitoring of individuals, and in particular to a networked
system for remotely monitoring individuals and for com-
municating information to the individuals through the use of
script programs.

BACKGROUND OF THE INVENTION

The traditional method of diagnosing and assessing psy-
chological conditions involves periodic clinical sessions in
which a clinician attempts to obtain insights of a patient’s
condition by conducting interviews and, in some cases,
conducting tests. This traditional method of psychological
testing and evaluation is often very lengthy and, as a result,
costly. Moreover, many psychological conditions and
behavior patterns are not easily diagnosed during a series of
routine clinical visits because the condition or behavior is
situation-dependent and, thus, may not be observable in a
clinical setting. Further, the manifestations or behavior pat-
terns of certain disorders are heterogeneous in nature, which
complicates identification and diagnosis. Specifically, where
a high degree of heterogeneity is present, standardized and
normalized diagnostic measures intended to identify a par-
ticular or preferred regimen of therapy often do not exist.
Under such conditions, the identification and diagnosis of a
psychological condition or behavior pattern becomes very
subjective, often resulting in an even larger number of
diagnostic clinical sessions and higher costs. Lower rates of
diagnostic accuracy and efflcacy also result.
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Many people suffering from psychological disorders are
unable to obtain clinical assistance because of the high cost
of diagnosis and treatment. Further, even where cost is not
of a major deterrent, many people lose confidence in the
clinical procedure and cease attending clinical sessions
when diagnostic assessment becomes difficult and lengthy.
Difficulties can be encountered even by patients that perse-
vere. Between their periodic clinical visits, they usually are
left on their own with no encouragement or treatment.

Advances in the various fields of electronics and telecom-
munications have had a significant impact on medical diag-
nostic and monitoring equipment, including the develop-
ment of devices that can be used in the home or other
non-clinical settings. Recent advancement with respect to
self-care health monitoring of afflictions such as diabetes
were set forth in my patent application Ser. No. 07/977,323,
filed Nov. 17, 1992, entitled “MODULAR
MICROPROCESSOR-BASED HEALTH MONITORING
SYSTEM” now issued as U.S. Pat. No. 5,307,263.

Some experiments and trials have been conducted with
respect to incorporating computers and similar electronic
equipment in arrangements for psychological testing and
assessment that is performed in a clinical setting. Very
recently, some experiments and trials have been conducted
in which a patient uses a microprocessor device such as a
“palm-top computer” to record behavioral information
between clinical sessions and, in some cases, for limited
therapeutic purposes. However, adoption of modem micro-
processor and communication technology to diagnosing,
monitoring or treating psychological disorders has not pro-
gressed at the same rate as technological advances in areas
of medicine that relate to physiological conditions.

There are numerous reasons why microprocessors and
modem communication techniques have not been widely
applied to devices for psychological diagnoses, evaluation
or treatment. As previously mentioned, the behavior atten-
dant many psychological disorders is situation dependent.
Thus, to be useful, a device must be relatively small,
relatively easy to use and unobtrusive so that a patient or
subject can use the device in an appropriate environment and
is comfortable with using the device in that environment.
Cost and efflcacy are also important factors if use of the
device is to result in a reduction in the professional time and
other costs associated with diagnosis and treatment of vari-
ous psychological conditions.

In order to provide a diagnostic tool that can be used in
settings other than clinical sessions, other criteria should be
met. For example, provision should be made for a clinician
or other health care professional to easily acquire data
gathered by the diagnostic tool and to analyze that data.
Further, to achieve optimum utilization, the diagnostic tool
should be extremely versatile, lending itself to adaptation to
the assessment of various psychological conditions.
Preferably, the device should be adaptable enough to allow
a clinician to establish diagnostic routines suited for various
species of the same general psychological disorder of even
for a particular individual. Versatility sufflcient for use of the
device in at least limited monitoring and therapeutic proce-
dures is also desirable.

For all of the above reasons, a need exists for improved
methods and apparatus for psychological evaluation and
assessment. This is especially true with disorders such as
depression, anxiety, schizophrenia, addiction, eating
disorders, attention deficit disorders, attention deficit and
hyperactivity disorder, and other psychological and behav-
ioral problems which are highly stimulus-dependent (i.e.,
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may be manifested primarily or only in situations that are
difficult to synthesize in a clinical environment). The
extreme heterogeneity of these psychological conditions has
complicated diagnosis and treatment, a drawback that leaves
many adults and children with chronic conditions that are
handicaps both from the social and economic standpoint.

Providing reliable and accurate tests for diagnosing psy-
chological disorders in children has been a substantial
problem. In particular, prevalent childhood psychological
disorders such as Attention Deficit Hyperactivity Disorder
and Attention Deficit Disorder are difficult to assess because
attention is a multi-construct neuropsychological process
that includes sustained attention (vigilance) and selective
attention (i.c., the ability to maintain attention in the pres-
ence of distractions and the ability to appropriately shift
attention). Children with Attention Deficit Disorder and
Attention Deficit and Hyperactivity Disorder are often
impulsive, requiring a relatively high degree of motivation
in order to complete tasks that employ cognitive skills
appropriate to their particular age group. Moreover, current
assessment tests for Attention Deficit Disorder and Attention
Deficit Hyperactivity Disorder are relatively subjective, and
even when effectively administered, basically provide only
an evaluation of whether a child exhibits a deficit in his or
her ability to focus and maintain attention. That is, current
tests have been successful only in identifying a large het-
erogeneous group that exhibit the basic symptoms of Atten-
tion Deficit Hyperactivity Disorder. Little success has been
obtained relative to assessing the degree of neuropsycho-
logic mechanism impairment. Thus, current diagnostic tech-
niques do not identify homogeneous subgroups of children
having Attention Deficit Hyperactivity Disorder, which is
needed in order to prescribe and administer effective
therapy.

Developing diagnostic and therapeutic tools for psycho-
logical assessment and treatment of children is especially
challenging. To obtain essential, unbiased information for
diagnosis of Attention Deficit Hyperactivity Disorder or
Attention Deficit Disorder, a child being tested must be at
ease and must be motivated since children with these
disorders are easily distracted when faced with situations
requiring continued attention and/or routine, relatively
tedious tasks. Thus, if cognitive tests are employed, they
must be appealing to younger children, but not leave older
children bored and unmotivated to perform well. Otherwise,
test results will be skewed and diagnosis made even more
difficult.

In the United States alone, over 100 million people have
chronic health conditions, accounting for an estimated $700
billion in annual medical costs. In an effort to control these
medical costs, many healthcare providers have initiated
outpatient or home healthcare programs for their patients.
The potential benefits of these programs are particularly
great for chronically ill patients who must treat their diseases
on a daily basis. However, the success of these programs is
dependent upon the ability of the healthcare providers to
monitor the patients remotely to avert medical problems
before they become complicated and costly. Unfortunately,
no convenient and cost effective monitoring system exists
for the patients who have the greatest need for monitoring,
the poor and the elderly.

Prior attempts to monitor patients remotely have included
the use of personal computers and modems to establish
communication between patients and healthcare providers.
However, computers are too expensive to give away and the
patients who already own computers are only a small
fraction of the total population. Further, the patients who
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own computers are typically young, well educated, and have
good healthcare coverage. Thus, these patients do not have
the greatest unmet medical needs. The patients who have the
greatest unmet medical needs are the poor and elderly who
do not own computers or who are unfamiliar with their use.

Similar attempts to establish communication between
patients and healthcare providers have included the use of
the Internet and Internet terminals. Although Internet termi-
nals are somewhat less costly than personal computers, they
are still too expensive to give away to patients. Moreover,
monthly on-line access charges are prohibitive for poor
patients.

Other attempts to monitor patients remotely have included
the use of medical monitoring devices with built-in modems.
Examples of such monitoring devices include blood glucose
meters, respiratory flow meters, and heart rate monitors.
Unfortunately, these monitoring devices are only designed
to collect physiological data from the patients. They do not
allow flexible and dynamic querying of the patients for other
information, such as quality of life measures or psycho-
social variables of illness.

Prior attempts to monitor patients remotely have also
included the use of interactive telephone or video response
systems. Such interactive systems are disclosed in U.S. Pat.
Nos. 5,390,238 issued to Kirk et al. on Feb. 14, 1995;
5,434,611 issued to Tamura on Jul. 18, 1995; and 5,441,047
issued to David et al. on Aug. 15, 1995. One disadvantage
of these systems is that they either require a patient to call
in to a central facility to be monitored or require the central
facility to call the patient according to a rigid monitoring
schedule.

If the patients are required to call the central facility, only
the compliant patients will actually call regularly to be
monitored. Non-compliant patients will typically wait until
an emergency situation develops before contacting their
healthcare provider, thus defeating the purpose of the moni-
toring system. If the central facility calls each patient
according to a monitoring schedule, it is intrusive to the
patient’s life and resistance to the monitoring grows over
time.

Another disadvantage of these conventional interactive
response systems is that they are prohibitively expensive for
poor patients. Further, it is difficult to identify each patient
uniquely using these systems. Moreover, these systems are
generally incapable of collecting medical data from moni-
toring devices, such as blood glucose meters, respiratory
flow meters, or heart rate monitors.

OBJECTS AND ADVANTAGES OF THE
INVENTION

In view of the above, it is an object of the present
invention to provide a simple and inexpensive system for
remotely monitoring patients and for communicating infor-
mation to the patients. It is another object of the invention
to provide a system which allows flexible and dynamic
querying of the patients. It is a further object of the invention
to provide a system which combines querying of patients
with medical device monitoring in the same monitoring
session. Another object of the invention is to provide a
monitoring system which incurs lower communications
charges than those incurred by conventional monitoring
systems. A further object of the invention is to provide a
monitoring system which may be used at any time conve-
nient for a patient.

These and other objects and advantages will become more
apparent after consideration of the ensuing description and
the accompanying drawings.
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SUMMARY OF THE INVENTION

This invention addresses the previously discussed need
for new and useful apparatus and methods for diagnostic
assessment of psychological conditions, providing a valu-
able adjunct and supplementation to traditional clinical
assessment. Apparatus arranged in accordance with the
invention is extremely versatile, being suitable for use in
diagnostic assessment of various psychological conditions
and being especially well suited for assessment of conditions
that affect children such as Attention Deficit Disorder and
Attention Deficit Hyperactivity Disorder. The invention also
is extremely versatile in that it is suited for use in a clinical
setting as well as use in remote locations such as the home,
school, or workplace.

Basically, apparatus configured in accordance with the
invention includes a programmable microprocessor unit that
iS responsive to program instructions that are supplied by an
external source. In the disclosed embodiment, a receptacle is
included in the programmable microprocessor-based unit for
receiving an external (“removable/insertable”) memory unit
which includes a digital storage medium for storing program
instructions that control operation of the programmable
microprocessor-based unit. In other embodiments, the pro-
gram instruction instructions can be transferred to memory
circuits of the microprocessor-based unit by various digital
data transmission systems and techniques.

The programmable microprocessor-based unit also
includes circuitry for generating a video display in accor-
dance with program instructions stored in an internal
memory of the microprocessor-based unit and/or the digital
storage medium of the external memory unit. In the opera-
tion of the invention, the displayed video signals interac-
tively prompt a patient or user to operate one or more
switches that are located on the microprocessor-based unit.
Preferably, the programmable microprocessor-based unit
also includes a sound generator operable for producing
selected tones, single words or simple phrases of simulated
speech, simple musical passages, and other sounds appro-
priate to the video display during the operation of the
microprocessor-based unit.

In the currently preferred embodiments of the invention,
the microprocessor-based unit is a compact video game
system, with the program instructions being provided by an
external memory unit that corresponds to a game cartridge.
The invention can employ either a hand held video game
such as the compact video game system manufactured by
Nintendo of America Inc. under the trademark “GAME
BOY,” or less compact video game systems such as the
“SUPER NES” video game, which also is marketed by
Nintendo of America Inc. As is well known, hand held video
games of the type mentioned are unitary devices that include
a display screen and control switches for operating the video
game. On the other hand, the larger video game systems
operate in conjunction with a television set or video monitor
and consist of a console unit, which receives a game
cartridge, and one or more controllers, which include at least
a portion of the switches for operating the video game
system. Use of either type of video game system has several
general advantages, including the widespread availability
and low cost of such systems. Further, such systems provide
an easy-to-use, unobtrusive device that can be used either in
a clinical setting or other environment such as the home,
school, or workplace. Moreover, the video display can be
structured to provide motivation for a patient or user and, in
at least some instances, the same or an additional program
cartridge can provide appropriate educational or therapeutic
video displays and processes.
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Use of the video game system for the programmable
microprocessor-based unit of the invention is especially
advantageous with children because of the popularity and
widespread acceptance of all types of video games. In
accordance with the invention, video and audio sequences
are preferably presented in game-like format with animation
that is suitable for children or other selected age groups.

Regardless of whether a video game system is employed,
the programmable microprocessor-based unit can be used to
analyze the data obtained during a diagnostic assessment
procedure. In some cases, a full analysis will be performed
so that the information that is transmitted or returned to a
clinician is in a final form. In other situations, partial (or
even no) analysis of gathered diagnostic information is
performed by the programmable microprocessor-based unit.
In those situations, partial (or full) analysis is performed at
the clinician’s facility or, alternatively, at a facility that
gathers information for analysis and subsequent relay to the
clinician.

Systems that are arranged in accordance with the inven-
tion include two components in addition to the above-
discussed programmable microprocessor-based unit: (1) a
programmable digital signal processor; and, (2) a commu-
nication link for allowing signal transmission between the
programmable microprocessor-based unit and the program-
mable digital signal processor. In some arrangements of the
invention, the programmable digital signal processor is a
personal computer that is located at the clinic or other
facility of the health care professional. In these
arrangements, the programmable microprocessor-based unit
can be located at the clinician’s facility with the communi-
cation link for coupling signals between the programmable
microprocessor-based unit and the clinician’s computer
being an electrical cable that provides a RS232 communi-
cation link or some other digital signal transmission arrange-
ment. However, a primary advantage of the invention is use
of the microprocessor-based unit at a location that is remote
from the clinician’s facility (e.g., use between clinical ses-
sions in an environment appropriate to assessment of the
psychological condition of interest). At least two basic types
of communication links allow assessment of the psychologi-
cal condition to be made at a subject’s home or other
location that is remote from the clinician’s facility.

First, an RS232 serial data port or other means for
coupling digital signals to the central processing unit of the
clinician’s personal computer can be connected to a cable
that is adapted for receiving an external memory unit (e.g.,
memory cartridge) that is used with the programmable
microprocessor-based unit to gather assessment data. In
such an arrangement, the external memory unit is intercon-
nected with the clinician’s computer to access stored signals
that represent information gathered during a diagnostic
assessment procedure that was performed earlier at a sub-
ject’s home or other suitable location. In many situations,
the clinician’s computer will have been previously intercon-
nected with the external memory unit to allow the clinician
to establish stored program instructions that will implement
a desired diagnostic assessment procedure when the patient
or user operates the microprocessor-based unit in conjunc-
tion with the memory unit.

The second type of communication link that allows the
diagnostic assessment procedure to be conducted at a loca-
tion other than the clinician’s facility involves the use of
various types of signal transmission media. For example, the
digital data signal processor (e.g., personal computer)
employed by the clinician can include an external or internal
modem for receiving and transmitting digital signals via the
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various types of conventional telephone systems. Likewise,
a modem and associated conventional data management
circuitry can be either included in or interconnected with the
microprocessor-based unit to allow information gathered
during a diagnostic assessment procedure to be transmitted
to the clinician for review and analysis. In some cases, it
may also be advantageous to use the data transmission link
for remote programming of the user’s external memory unit,
thereby permitting changes to be made in the diagnostic
procedure of a particular patient or user without a visit to the
clinician’s office.

Transmission media other than a telephone system can be
used for coupling signals between a clinician’s digital data
processing system and a remotely located programmable
microprocessor-based unit that is used for diagnostic assess-
ment of psychological conditions. For example, recently
developed interactive audio/visual systems using coaxial
cable or optical fiber can be employed as well as other types
of digital networks that provide information services and
communication between users. In some of these
arrangements, the digital data signal processor need not be
located at the clinician’s facility. That is, the invention can
be implemented so that the digital signal processor is a
clearinghouse that in effect functions as a central server that
is capable of functioning with a relatively large number of
programmable microprocessor units and, in addition,
capable of serving the needs of at least several clinicians. In
these arrangements, the clearinghouse digital signal proces-
sor collects and stores diagnostic assessment information
transmitted to the clearinghouse from any number of pro-
grammable microprocessor-based units. Information is then
provided to the appropriate clinician or clinical facility by
facsimile or data transmission techniques. Alternatively, the
information can be printed and delivered to the appropriate
clinician.

The disclosed embodiments of the invention are config-
ured and programmed for diagnostic assessment of Attention
Deficit Disorder and Attention Deficit Hyperactivity Disor-
der. The currently preferred realizations of the disclosed
embodiment allow a clinician to selectively configure
sequences of tests (“tasks”) that fall into the two basic
categories: delay reaction tasks and performance-paced con-
tinuous performance tasks. During a delay reaction task, the
programmable microprocessor-based unit operates to first
generate an audible and/or visual warning signal to alert the
user that the microprocessor-based unit will soon produce an
audio, visual, or audiovisual target stimulus. When the target
stimulus is produced, the user or patient responds by acti-
vating a switch or control of the microprocessor-used unit.
Preferably, the time between the warning stimulus and the
target stimulus within a predetermined range that is selected
by the clinician, with each particular time delay being
randomly selected through programmed operation of the
microprocessor-based unit. For each delayed reaction task, a
signal is generated indicating whether the user reacted to the
target stimulus and, if so, the time that elapsed between
generation of the target stimulus and the user’s operation of
the selected switch. Collecting and storing the user’s reac-
tion times for a sequence of delayed reaction tasks allows
subsequent analysis by the system digital data processor to
obtain information such as a record of reaction time versus
time delay, the user’s best (fastest) reaction time, the user’s
mean reaction time, and/or the standard deviation of reaction
times. In some situations, it may also be advantageous to
store the delayed reaction task information so that analysis
can be performed that allows the detection of trends such as
whether the user’s reaction time generally increased or
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decreased as the sequence of delayed reaction tasks pro-
gressed. Such information may indicate an increase or
decrease in attention level with time.

In the currently preferred realizations of the disclosed
embodiment of the invention, the visual delayed reaction
task includes the display of a car, the model of which
selected by the user prior to initiation of the diagnostic
procedure. The car is shown at a starting line with a traffic
signal having a red, yellow, and green light being promi-
nently displayed in the foreground. Initially, the red light is
illuminated, a warning signal is then provided to the user by
illuminating the yellow light and, when the microprocessor-
selected time delay has elapsed, the green light is illumi-
nated to provide the target stimuli. In the currently preferred
realizations of the disclosed embodiments of the invention,
the words “ready . . . set ... go™ are synthesized by the sound
generator of the microprocessor-based unit.

During the continuous performance tasks, the system user
observes the system display while target stimuli pass across
it. The object is for the user to activate a switch or control
of the microprocessor-based unit when target stimuli are at
a predetermined location on the display. For example, in the
currently preferred realizations of the disclosed embodi-
ments of the invention, the previously mentioned car is
displayed so that it appears to be passing by trees that are
located along the side of a road. The target stimulus is a
specified type of fruit (e.g., an orange, apple, lemon, or
cluster of grapes) on the tree. The object is for the user to
activate the switch or control of the microprocessor-based
unit when a predetermined stimulus appears (e.g., an apple).
When the switch or control is activated a hand and arm move
upwardly from the car and, if the switch is timely activated,
the fruit is captured. When the user correctly identifies and
captures a target stimulus, the time interval between appear-
ance of target stimuli is decreased by a predetermined
amount. On the other hand, if the user does not properly
respond to a target stimulus, the time interval between target
stimuli is increased.

During the conduction of a sequence of continuous per-
formance tasks, information is recorded to reflect the num-
ber of target stimuli correctly identified, the number of target
stimuli missed, the number of responses to non-target
stimuli, the number of correct, but delayed, responses, and
the final interstimulus time interval.

Audio continuous performance tasks are also provided
wherein the user is to respond to certain audio signals while
ignoring others. For example, in the currently preferred
realizations of the disclosed embodiments, the car shown on
the system display unit is passing along a dark road with a
small portion of the road passing under the car’s headlights.
Alow frequency “radar beep™ is sounded for each non-target
stimulus, and a high frequency radar beep is sounded to
represent the target stimulus. Although the display is rela-
tively dark, the bases of the trees can be seen and when the
user properly responds to a target stimulus, a hand swings
upwardly from the car to catch the fruit.

The battery of tests provided by the currently preferred
embodiments of the invention also include continuous per-
formance tasks with various distractions. For example, in the
above-discussed realization in which the user activates a
switch or control of the microprocessor-based unit to catch
a predetermined type of fruit as a car passes across the
system display, moving objects such as hopping frogs,
fluttering butterflies, and flying saucers are periodically and
randomly displayed. In the audio continuous performance
tasks, the distractions consist of synthesized speech such as
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“Now!” or “Go!.” During sequences of continuous perfor-
mance tasks that include distractions, the number of distrac-
tions that cause user reaction are recorded as well as the
information recorded during continuous performance task
sequences that do not include distractions.

SUMMARY—I

The invention presents a networked system for remotely
monitoring an individual and for communicating informa-
tion to the individual. The system includes a server and a
remote interface for entering in the server a set of queries to
be answered by the individual. The server is preferably a
world wide web server and the remote interface is preferably
a personal computer or network terminal connected to the
web server via the Internet. The system also includes a
remotely programmable apparatus for interacting with the
individual. The apparatus is connected to the server via a
communication network, preferably the Internet. The appa-
ratus interacts with the individual in accordance with a script
program received from the server.

The server includes a script generator for generating the
script program from the queries entered through the remote
interface. The script program is executable by the apparatus
to communicate the queries to the individual, to receive
responses to the queries, and to transmit the responses from
the apparatus to the server. The server also includes a
database connected to the script generator for storing the
script program and the responses to the queries.

The apparatus has a communication device, such as a
modem, for receiving the script program from the server and
for transmitting the responses to the server. The apparatus
also has a user interface for communicating the queries to
the individual and for receiving the responses to the queries.
In the preferred embodiment, the user interface includes a
display for displaying the queries and user input buttons for
entering the responses to the queries. In an alternative
embodiment, the user interface includes a speech synthe-
sizer for audibly communicating the queries and a speech
recognizer for receiving spoken responses to the queries.

The apparatus also includes a memory for storing the
script program and the responses to the queries. The appa-
ratus further includes a microprocessor connected to the
communication device, the user interface, and the memory.
The microprocessor executes the script program to commu-
nicate the queries to the individual, to receive the responses
to the queries, and to transmit the responses to the server
through the communication network.

In the preferred embodiment, the system also includes at
least one monitoring device for producing measurements of
a physiological condition of the individual and for transmit-
ting the measurements to the apparatus. The apparatus
further includes a device interface connected to the micro-
processor for receiving the measurements from the moni-
toring device. The measurements are stored in the memory
and transmitted to the server with the responses to the
queries. The server also preferably includes a report gen-
erator connected to the database for generating a report of
the measurements and responses. The report is displayed on
the remote interface.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:
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FIG. 1 is a block diagram that illustrates a psychological
diagnostic measurement system of this invention, depicting
microprocessor-based patient units connected in signal com-
munication with a clinician’s computer system and/or a
clearinghouse for collection and analysis of diagnostic data
originating with a large number of patient units;

FIG. 2 is a block diagram illustrating in greater detail the
basic structure of a microprocessor-based patient unit and a
digital signal processor of a type that can be used within a
clearinghouse or be used as a clinician’s computer;

FIG. 3 illustrates a graphic display suitable for use when
a microprocessor-based patient unit administers a delayed
reaction tests in an embodiment of the invention that is
configured for diagnostic measurements relating to Atten-
tion Deficit Hyperactivity Disorder or Attention Deficit
Disorder;

FIG. 4 illustrates a graphic display suitable for use when
a microprocessor-based patient unit administers continuous
performance tests in an embodiment of the invention that is
configured and programmed for diagnostic measurement
relating to Attention Deficit Hyperactivity Disorder and
Attention Deficit Disorder;

FIG. § illustrates a graphic display suitable for use when
a microprocessor-based patient unit administers continuous
performance tests that also include visual distractions in an
embodiment of the invention that is configured and pro-
grammed for diagnostic measurement relative to Attention
Deficit Hyperactivity Disorder and Attention Deficit Disor-
der; and

FIGS. 6-11 are sequence diagrams that illustrate opera-
tion of a clinician’s computer during periods of time in
which the computer is used to establish a battery of tests to
be administered by the microprocessor-based unit; is used to
supply program instructions to the microprocessor-based
unit that will result in the desired psychological diagnostic
testing; and, is used to retrieve diagnostic measurements
obtained by the microprocessor-based unit during the
administration of the diagnostic test.

FIG. 201 is a block diagram of a networked system
according to a preferred embodiment of the invention;

FIG. 202 is a block diagram illustrating the interaction of
the components of the system of FIG. 201;

FIG. 203 is a perspective view of a remotely program-
mable apparatus of the system of FIG. 201;

FIG. 204 is a block diagram illustrating the components
of the apparatus of FIG. 203;

FIG. 205 is a script entry screen according to the preferred
embodiment of the invention;

FIG. 206A is a listing of a sample script program accord-
ing to the preferred embodiment of the invention;

FIG. 206B is a continuation of the listing of FIG. 206A;

FIG. 207 is a script assignment screen according to the
preferred embodiment of the invention;

FIG. 208 is a sample query appearing on a display of the
apparatus of FIG. 203;

FIG. 209 is a sample prompt appearing on the display of
the apparatus of FIG. 203;

FIG. 210 is a sample report displayed on a workstation of
the system of FIG. 201;

FIG. 211 A is a flow chart illustrating the steps included in
a monitoring application executed by the server of FIG. 201
according to the preferred embodiment of the invention;

FIG. 211B is a continuation of the flow chart of FIG.
211A;
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FIG. 212Ais a flow chart illustrating the steps included in
the script program of FIGS. 206A-206B;

FIG. 212B is a continuation of the flow chart of FIG.
212A;

FIG. 213 is a perspective view of a remotely program-
mable apparatus according to a second embodiment of the
invention;

FIG. 214 is a sample prompt appearing on a display of the
apparatus of FIG. 213;

FIG. 215 is a block diagram illustrating the components
of the apparatus of FIG. 213;

FIG. 216 is a schematic block diagram illustrating the
interaction of the server of FIG. 201 with the apparatus of
FIG. 203 according to a third embodiment of the invention;

FIG. 217 is a first sample message appearing on the
display of the apparatus of FIG. 203;

FIG. 218 is a second sample message appearing on the
display of the apparatus of FIG. 203; and

FIG. 219 is a script entry screen according to the third
embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 illustrates one embodiment of a diagnostic mea-
surement system configured in accordance with the inven-
tion. The depicted embodiment includes a programmable
microprocessor-based unit 10 that includes a receptacle for
receiving an external memory unit 12, which can be easily
inserted and removed from microprocessor-based unit 10.
Removable memory unit 12 includes a digital storage
medium for storing program instructions that control the
operation of microprocessor-based unit 10 and, in addition,
allows storage of diagnostic test information that is gener-
ated during operation of microprocessor-based unit 10 for
diagnostic assessment of a psychological condition.

Various storage media known to those skilled in the art
can be used as the digital storage medium of external
memory unit 12. For example, conventional read-only
memory (ROM) can be employed for storage of program
instructions that are not changed or altered when external
memory 12 is reconfigured for a different patient or recon-
figured for measurements relating to a different type of
psychological condition. Optically scanned memory such as
currently available compact disc memory can also be
employed. In addition, various types of erasable read-only
memory and random access memory (RAM) having a
battery back-up can be used to provide a storage medium for
program instructions that may be changed when external
memory 12 is configured for use with a different patient or
for the diagnostic assessment of the different psychological
condition. Erasable read-only memory or battery backed-up
RAM also can be used for storage of information gathered
when microprocessor-based unit 10 is operated to gather
diagnostic measurement information that relates to one or
more psychological conditions. Moreover, in newly devel-
oping technologies such as audio/video interactive televi-
sion and networks for digital communications program
instructions can be transmitted to microprocessor-based unit
10 and stored in random access memory.

As is indicated in FIG. 1, microprocessor-based unit 10 is
interconnected with an audio/visual display unit 14. During
operation of the invention for diagnostic assessment of
psychological conditions, microprocessor-based unit 10
generates audio and video signals that are presented to the
patient or system user by audio/visual display unit 14. The
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audio/visual presentation is controlled by program instruc-
tions that are either stored in external memory 12 or are
otherwise supplied to microprocessor-based unit 10. In the
disclosed embodiments, the visual presentation is structured
to elicit responses from the user of microprocessor-based
unit 10 (e.g., a patient or research subject) that provide that
diagnostic measures relating to a particular psychological
condition. In that regard, the embodiments disclosed herein
are arranged for diagnostic assessment of Attention Deficit
Hyperactivity Disorder and Attention Deficit Disorder. Upon
understanding the operation of the invention and the various
manners in which it can be configured, it will be recognized
that the invention can be used in the diagnoses of various
other psychological conditions and behavior patterns,
including anxiety disorders, depression, schizophrenia,
addiction, and weight control/eating disorders.

A primary advantage of the invention is the ability to
conduct a diagnostic assessment procedure in an environ-
ment other than the office of a clinician or other health care
facility. This particular aspect of the invention can be
important with respect to diagnosing psychological condi-
tions that are highly situation-dependent. Further, since it is
not necessary for a clinician to be present when a diagnostic
assessment procedure is executed, the costs of diagnoses and
treatment is reduced. For example, during a clinical session,
a clinician can instruct a patient or subject in the use of the
invention for diagnostic assessment of a particular psycho-
logical condition. The patient or user then uses
microprocessor-based unit 10, a suitably programmed exter-
nal memory 12, and an audio/visual display unit 14 between
clinical sessions to gather appropriate diagnostic measure-
ments while the subject is in suitable environmental sur-
roundings (e.g., at home, school, or the workplace). Infor-
mation gathered during the diagnostic assessment is then
made available to the clinician for consideration and analy-
sis.

There are two basic ways in which information that
relates to the results of the diagnostic assessment can be
conveyed to a clinician or other person who serves as an
administrator for the conduction of the diagnostic assess-
ment. These same techniques are employed for establishing
the diagnostic procedure (i.e., storing suitable program
instructions in external memory 12). The first technique for
transferring test results or programming microprocessor-
based unit 10 (e.g., external memory unit 12) involves data
transmission between microprocessor-based unit 10 and a
remotely located clinician’s office (or other health care
facility) or, alternatively, a remotely located facility that
stores the information for subsequent analysis and transmis-
sion to the clinician. In the second technique,
microprocessor-based unit 10 (or external memory unit 12)
is physically transferred between the site at which the
diagnostic assessment is made and the clinician’s facility or
other remote location.

With respect to the first information transfer technique,
FIG. 1 schematically illustrates arrangement of the invention
for remote exchange of data and information between a
microprocessor-based unit 10 and either a remotely located
clinician 16, or a clearinghouse 18. In such an arrangement,
clearinghouse 18 includes one or more digital signal pro-
cessors and associated peripheral equipment (e.g., printers,
signal storage media, facsimile facilities) sufficient for gath-
ering diagnostic measurement information from a relatively
large number of microprocessor-based diagnostic tools
(represented by microprocessor-based unit number 1 and
microprocessor-based unit number 2 of FIG. 1). A commu-
nication link 20 is shown in FIG. 1 between clearinghouse
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18 and the clinician’s remote location 16 to indicate transfer
of information electronically or by other signal transmission
means. Specifically, data and information can be transferred
electronically between clearinghouse 18 and a clinician by
various conventional data transmission systems, including
those implemented through telephony, transmission of radio
frequency signals, modulated coherent light, etc. As is
indicated in FIG. 1, the signals sent by clearinghouse 18 to
the clinician’s facility 16 can be coupled to devices such as
the clinician’s computer 22 and/or the clinician’s facsimile
machine 24. Signals transmitted to the clinician’s computer
22 can be stored with or without additional processing. In
the same regard, analytical signal processing of the diag-
nostic assessment data gathered by microprocessor-based
unit can be performed at various stages of information
transmission between patient and clinician. For example,
data processing can be performed in microprocessor-based
unit 10, the clinician’s computer 22, clearinghouse 18 and/or
the hereinafter described data management unit 28. In any
case, when the diagnostic information is transmitted to the
clinician’s facility, it can be displayed on a display unit of
the clinician’s computer 22 (not shown in FIG. 1); printed by
a printer 26 that is connected to computer 22; or processed
by other devices that are peripheral to the clinician’s com-
puter 22.

With continued reference to the embodiment of the inven-
tion shown in FIG. 1, signals representative of information
gathered during a diagnostic assessment procedure (and
other signals appropriate to system operation) are coupled to
(or from) clearinghouse 18 and microprocessor-based diag-
nostic unit 10 via a data management unit 28 and a com-
munication link 30. Like communication link 20, which
provides signal transfer between clearinghouse 18 and the
clinician’s facility 16, communication link 30 can be of
several different types. In some instances, communication
link 30 will be a signal path established by a telephone
system. Alternatively, RF signal transmission can be
employed. Communication link 30 also can be established
through the use of specialized digital networks, including
recently developed interactive audio/video systems such as
those operated in conjunction with cable television.

In the arrangement of FIG. 1, each depicted data man-
agement unit 28 is interconnected with its associated
microprocessor-based unit 10 by a cable 32 that includes
electrical conductors for carrying signals between the two
units. In each arrangement of the invention, data manage-
ment unit 28 provides the signal processing that is necessary
for interfacing microprocessor-based unit 10 with commu-
nications link 30 and/or a communications link 34. Com-
munications link 34 provides for transmission of signals
between microprocessor-based unit 10 and the clinician’s
remote location 16 (e.g., coupling of signals to and from the
clinician’s computer 22). Like the previously discussed
communication links 20 and 30, communication link 34 can
be realized in a variety of ways.

Because of the wide range of communication links 30 and
34 that are available for practice of the invention, data
management 28 will take on various forms and configura-
tions. For example, in an arrangement of the invention in
which communications link 30 and/or 34 is a signal path
established by a conventional telephone system, data man-
agement unit 28 will include a modem and will operate to
perform the signal processing necessary to transmit infor-
mation to clearinghouse 18 and/or the clinician’s remote
location 16. In some arrangements of the invention, the
signal processing required for modem data transmission will
be implemented by a microprocessor unit that is incorpo-
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rated in data management unit 28. In other situations, the
microprocessor of microprocessor-based unit 10 can be
employed to perform the signal processing necessary for
modem signal transmission. Similarly, the hardware associ-
ated with modem transmission (e.g., telephone line
connection) can be included in data management unit 28 or
incorporated in microprocessor-based unit 10.

FIG. 1 also indicates one manner in which the invention
can be employed for remote administration of diagnostic
assessment of psychological conditions without the need for
data management unit 28 and communication links 30 and
34. In particular, in the arrangement of FIG. 1, an external
memory unit 12 can be inserted in a receptacle 38 that
electrically connects external memory unit 12 to the clini-
cian’s computer 22 via a cable 36. With an external memory
12 connected in this manner, a clinician or other adminis-
trator of the diagnostic assessment to be performed can
operate computer 22 to store program instructions appropri-
ate for the diagnostic procedure in an external memory unit
12. The programmed external memory unit 12 can be given
to a patient or subject at the end of a clinical session or
transmitted to the patient or subject by other appropriate
means. The patient or subject can subsequently insert the
programmed external memory unit 12 in a microprocessor-
based unit 10 that is located at the patient’s home or some
other location at which the diagnostic procedure will be
executed. Signals representative of the diagnostic informa-
tion gathered during the procedure are stored in external
memory unit 12 when microprocessor unit 10 implements
the diagnostic assessment procedure. External memory unit
12 is then returned to the clinician, inserted into receptacle
38 and the clinician’s computer 22 is used to retrieve the
diagnostic information stored in the external memory unit
12. In situations in which program instructions and diag-
nostic results are stored internally in microprocessor-based
unit 10 (i.e., without use of an external memory unit 12), the
entire microprocessor-based unit can be taken to the clini-
cian’s office. Information relating to diagnostic assessment
results can then be unloaded to the clinician’s computer 22
and, if desired, program instructions can be downloaded to
the microprocessor-based unit 10 for administering further
diagnostic assessment.

As also is shown in FIG. 1, in most applications of the
invention, an additional microprocessor-based unit 10 and
audio/visual display unit 14 will be located at the clinician’s
office or other facility. In the arrangement shown in FIG. 1,
the additional microprocessor-based unit 10 is directly con-
nected to the clinician’s computer 22 by an electrical cable
40 to allow signal transmission between the microprocessor-
based unit and computer 22. Providing a microprocessor-
based unit 10 and audio/visual display unit 14 at the clini-
cian’s location allows a patient or subject to be instructed in
the use of the system and also allows the administration of
diagnostic assessment procedures at the clinician’s facility,
if desired.

FIG. 2 depicts a more detailed block diagram of a
microprocessor-based unit 10 that can be employed in the
practice of the invention and an associated audio/visual
display unit 14. Also shown in FIG. 2 is a basic block
diagram of a remotely located digital signal processing
system 42 which typifies the arrangement of clearinghouse
18 and computer 22 of FIG. 1.

As is indicated in FIG. 2, signals supplied by one or more
control switches 44 are coupled to a microprocessor 46 of
microprocessor-based unit 10 via an input/output circuit 48.
Also interconnected with input/output unit 48 of
microprocessor-based unit 10 is an external modem 50,
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which serves as data management unit 48 (FIG. 1) for the
depicted arrangement. Although not indicated in FIG. 2, it
will be understood by those skilled in the art that intercon-
nections such as the connection shown between micropro-
cessor 46 and input/output unit 48, generally include a data,
address, and control bus.

With continued reference to microprocessor-based unit 10
of FIG. 2, the depicted microprocessor 46 is interconnected
with the receptacle that receives an external memory unit 12
so that microprocessor 46 can access program instructions
stored in external memory unit 12 and store diagnostic
assessment results in external memory 12. As previously
mentioned, program instructions can be provided to a
microprocessor-based unit 10 via a digital signal communi-
cations system, instead of an external memory unit 12. In
such arrangements, digital signals supplied by a system such
as cable television or a digital communications can be
coupled to microprocessor 46 via input/output unit 48 or
other conventional signal processing arrangements.

In the arrangement of FIG. 2, a random access memory 52
is interconnected with and is used by microprocessor 46 to
implement a desired diagnostic assessment procedure and
perform any desired analysis of the gathered diagnostic data.
In addition, random access memory 52 can be used for
storing program instructions that are supplied to an embodi-
ment of the invention that does not employ an external
memory unit 12 (i.e., an embodiment in which program
instructions are supplied via a digital signal communications
system). A clock circuit 54 is provided to allow micropro-
cessor 46 to store date and time signals in situations in which
date and time tags are to be included with the gathered
diagnostic data. Although not specifically shown in FIG. 2,
microprocessor-based unit 10 generally includes an internal
read-only memory for storing various program instructions
and data that are not unique to a particular diagnostic
assessment procedure or other application for the
microprocessor-based unit 10.

The audio/visual display unit 14 that is shown in FIG. 2
corresponds to a video monitor that includes a display screen
56, control circuitry 58, and a speaker 60. In an arrangement
of this type, microprocessor 46 of microprocessor-based unit
10 controls the operation of a sound generator 62 and video
circuits 64 in accordance with the program instructions
stored in external memory 12. A display random access
memory 66 is used to store and format video signals which
are coupled to display screen 56 of audio/visual display unit
14. Music, synthesized speech, and other sounds generated
by sound generator 62 are coupled to speaker 60. Control
circuit 58 includes the circuitry necessary for adjusting
volume and display quality as well as the circuitry for
driving the display screen. In other arrangements, a televi-
sion set may be used as audio/visual display unit 14, with
microprocessor-based unit 10 supplying an appropriate
modulated RF signal or being connected to the television set
video and audio inputs.

It will be recognized by those of ordinary skill in the art
that a diagnostic tool that corresponds to microprocessor-
based unit 10 of FIGS. 1 and 2 can be easily realized using
conventional microprocessor design techniques and compo-
nents. It also will be recognized that various commercially
available devices can be adopted for use as a
microprocessor-based unit 10 of this invention. In that
regard, in the currently preferred embodiments of the
invention, the microprocessor-based unit 10 is a compact
video game system, with external memory unit 12 being
configured to correspond to the type of game cartridge that
is used with that particular video game system. In some
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arrangements of the invention, a hand held video game
system such as the compact video game system marketed by
Nintendo of America Inc. under the trademark “GAME
BOY” can be used to realize, in unitary form,
microprocessor-based unit 10, audio/visual display unit 14,
and control switches 44 of the arrangement shown in FIG.
2. In other applications of the invention, a less compact
video game system such as the “SUPER NINTENDO
ENTERTAINMENT SYSTEM” or “NES” video game is
used. In those situations, control switches 44 correspond to
the video game controller and audio/visual display unit 14 is
a conventional television set or video monitor. The less
compact video game systems often are advantageous
because the external memory unit (game cartridge) has
greater memory capacity than the corresponding memory of
hand held units; the microprocessor has superior processing
capability; and relatively high-quality sound and graphics
can be achieved.

Regardless of the type employed, there are many advan-
tages to using a video game system in the practice of the
invention. Of prime importance, video game systems enjoy
widespread popularity and, hence, low cost. In many cases,
the user of a diagnostic assessment system that is con-
structed in accordance with the invention may already own
or have access to a video game system. In addition, video
game systems are simple to use. Therefore, little time is
required for instructing a patient or other system user in how
to operate the system for performance of a particular diag-
nostic assessment. Even further, adapting a video game
system for use with the invention provides a convenient way
for realizing diagnostic assessment procedures that are pre-
sented in game-like format with animation or other graphics
that provide motivation for all age groups while gathering
needed diagnostic data. The cumulative effect is achieve-
ment of an unobtrusive test and diagnosis arrangement that
is acceptable to patients and other subjects and can be used
in many environments.

Referring again to FIG. 2, it can be recognized that the
depicted remotely located digital signal processing unit 42
corresponds to a wide range of computational arrangements,
including the clinician’s computer 22 of FIG. 1 and the
previously discussed, more complex, clearinghouse 18 of
FIG. 1. In the arrangement depicted in FIG. 2, a user
interface 70 is connected in signal communication with a
central processor unit 72 via a decoder circuit 74. Random
access memory 76 and read-only memory 78 are accessed
by central processor unit 72 of digital signal processing unit
42 during execution of the various programs and procedures
used in carrying out the invention. An input/output unit 80
acts under the direction of central processor unit 72 to
provide signals to a facsimile unit 24 and printer 26. As also
is indicated in FIG. 2, signals can be provided to central
processor unit 72 via input/output unit 80 by a modem 82.
In the arrangement shown, a communication link 84 inter-
connects modem 82 with modem 50 to thereby allow the
depicted digital signal processing system to receive diag-
nostic test information from the depicted microprocessor-
based unit 10. As also is indicated, input/output unit 80 is
connected to a receptacle 38, which as was described
relative to FIG. 1, allows the digital data processing system
to access storage addresses within an external memory unit
12 that is connected to receptacle 38. As shall be described
in more detail, an administration program that is executable
by digital signal processing unit 42 includes a program
module that allows program instructions to be stored in an
external memory unit 12 to establish a desired diagnostic
assessment procedure. Execution of another module of the
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administration program by digital signal processing unit 42
allows the retrieval of diagnostic test data stored in external
memory unit 12 when a diagnostic assessment procedure
was conducted (i.e., when a patient or user executed a
diagnostic procedure in accordance with the procedure).

The currently preferred embodiments of the invention
utilize a microprocessor-based unit 10 that corresponds to
the previously mentioned SUPER NINTENDO ENTER-
TAINMENT SYSTEM, with the invention being realized
for diagnostic assessment of Attention Deficit Disorder and
Attention Deficit Hyperactivity Disorder. In the current
realization of the invention, program instructions for a
battery of separate tests that assess various aspects of a
juvenile’s attention are stored in external memory unit 12.
Two basic types of tests are employed: tests that include a
series of delayed reaction tasks and tests that include a series
of continuous performance tasks. In the delayed reaction
tasks, programmable microprocessor-based unit 10 operates
to generate an audible and/or visual warning signal to alert
the user that the microprocessor-based unit soon will pro-
duce an audible and/or visual trigger stimulus. When the
trigger stimulus is generated, the patient or user activates a
designated switch or control of microprocessor-based unit
10 (e.g., a switch or control included in control switches 44
of FIG. 2). In current practice, the clinician or other admin-
istrator of the diagnostic assessment procedure can select
one or more audio delayed reaction tests and/one or more
video delayed reaction tests when establishing a battery of
tests for a particular patient or user. As shall be described
relative to FIGS. 6-11, the clinician establishes the battery
of tests by executing a computer program, which also allows
the clinician or administrator to establish the sequence in
which various tests will be administered and, for each audio
or visual delayed reaction test, select both the number of
trigger stimuli to be generated and a time delay range. The
time delay range establishes the upper and lower bounds of
the delay between warning stimuli and trigger stimuli. The
specific delay between a particular warning stimulus and its
associated trigger stimulus is selected randomly by
microprocessor-based unit 10 when the delayed reaction test
is conducted.

Each time that microprocessor-based unit 10 generates a
trigger stimulus, a timer (e.g., clock circuit 54 of FIG. 2) is
activated. If the patient or user does not activate the appro-
priate switch or control within a predetermined time
interval, a digital signal is stored indicating a failure to
respond. On the other hand, if the patient or user responds,
a digital signal is stored indicating the user’s reaction time
(ie., the time period between the occurrence of a trigger
stimulus and the patient’s reaction). Since a series of delayed
reaction tasks is used in each audio or visual delayed
reaction test, the stored data that are accumulated during the
diagnostic assessment will allow later analysis to determine
various measures that relate to the patient’s degree of
attention. For example, measures that can be important
include the user’s fastest reaction time, his or her mean
reaction time, and the standard deviation of reaction times.
In addition, the difference between the results for audio and
visual delayed reaction tasks may also be considered. For
example, young children tend to respond more quickly to
audio trigger stimuli than video trigger stimuli. Thus, the
relationship between the results of audio and video delayed
reaction tests for a patient may provide some insight as to
that patient’s relative deficit or development of both auditory
and visual attention skills.

In the currently preferred realizations of embodiments for
use in diagnostic assessment of Attention Deficit Hyperac-
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tivity Disorder and Attention Deficit Disorder, external
memory unit 12 is programmed to cause microprocessor unit
10 to generate a display of the type shown in simplified form
in FIG. 4. In the display of FIG. 4, a car 90 is positioned at
a starting line 92 on a roadway or racetrack 94. A traffic
signal 96, having a red light 98, an amber light 100, and a
green light 102, is prominently displayed. As each visual
delayed reaction task is generated, microprocessor-based
unit 10 causes sequential illumination of red light 98, amber
light 100, and green light 102. Amber light 100 serves as the
warning stimulus, with green light 102 providing a trigger
stimulus after a randomly generated time delay that is within
the time delay range that was established when the visual
delayed reaction test being executed was established by the
clinician or the administrator having control over the diag-
nostic testing.

During the audio delayed reaction tests, the three lights of
traffic light 100 in FIG. 3 are extinguished and program
instructions that are stored in external memory unit 12 result
in generation of suitable audio warning and trigger stimuli
by sound generator 62 of FIG. 2. In arrangements having
sufficient memory and sound generation capability, the
words “ready . . . set. .. go” are used, with the time interval
between “set” and “go” being a random value within the
range of values selected when a clinician established the
diagnostic procedure. Two tones that are clearly distinct
from one another also can be used for the warning and
trigger stimuli.

The currently preferred realizations of embodiments of
the invention that are directed to diagnostic assessment of
Attention Deficit Hyperactivity Disorder and Attention Defi-
cit Disorder provide for both visual and audible continuous
performance tests. In each test a sequence or series of events
occurs for which the patient or user is to respond by
activating a predetermined switch or control such as the
control switches 44 in the arrangement of FIG. 2. The
continuous performance test used in the currently preferred
embodiments of the invention are performance-paced in that
the interstimulus stimulus interval (i.e., the time that elapses
between consecutive stimuli) is reduced by a predetermined
amount each time a correct response is made and is
increased by the same or a different predetermined amount
if an improper response occurs (i.e., the user responds to a
non-target stimulus or fails to respond to a target stimulus).

The video display for the continuous performance tests of
the currently preferred embodiments is indicated in FIG. 4.
In FIG. 4, the car 90 that is used in the above-discussed
delayed reaction tests is shown traveling along a roadway
94. Periodically, the car 90 approaches a tree 104, which is
positioned along side roadway 94. As car 90 approaches a
tree 104, various types of fruit (oranges, apples, lemons, and
grapes) will appear, hanging downwardly from a branch of
the tree. The object is for the patient or user to respond to a
specified type of fruit only (e.g., apple 106 in FIG. 4) by
depressing a selected switch such as one of the switches of
control switches 44 in FIG. 2. When the appropriate switch
is pressed, a hand and arm extend upwardly from car 90 to
capture the fruit. As previously noted, with each correct
response, the interstimulus interval is decreased (i.e., the car
90 appears to travel at a higher rate of speed) and with each
incorrect response or failure to respond, the interstimulus
interval is increased (car 90 appears to travel slower).

In the audio continuous performance tests of the refer-
enced realizations of the invention, the display shows car 90
traveling at night, with only a portion of roadway 94 being
illuminated by the car’s headlights. Each time the car
approaches a darkened tree 104, a low-frequency radar-like
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“beep” is heard if the tree does not bear the desired fruit
(apple 106 in FIG. 4). When the proper fruit is present, a
high-pitched radar-like beep is emitted.

Embodiments of the invention for diagnostic assessment
for Attention Deficit Hyperactivity Disorder and Attention
Deficit Disorder can also include programming for conduc-
tion of continuous performance tests that include distrac-
tions. For example, as is shown in FIG. 5, a fluttering
butterfly 110 or other moving object such as a hopping frog
or flying saucer can be generated in the peripheral region of
the video display to provide a measure of the patient’s
degree of distractibility. During audio continuous perfor-
mance tests synthesized voice signals such as “Now!” or
“Go!” can be generated by microprocessor-based unit 10. In
situations in which synthesized voice is beyond the capa-
bility of the sound generator being used, the microprocessor-
based unit 10 can supply various distractive sounds or
noises.

When the battery of diagnostic assessments is established
by a clinician, program instructions can be stored in external
memory unit 12 (or otherwise provided to a microprocessor-
based unit) to determine the number of continuous perfor-
mance tests to be performed and the type of each test (i.e.,
video without distractions; video with distractions; audio
without distractions; and, audio with distractions). The
sequence of the tests, both with respect to one another and
with respect to the previously discussed delayed reaction
tests, is also determined by the clinician. For each continu-
ous performance test, the clinician can select the total
number of target and non-target stimuli to be presented; the
test duration; and the minimum stimulus duration (which is
typically set at around 100 milliseconds). Diagnostic mea-
sures that are recorded in external memory unit 12 during
conduction of continuous performance tests include: the
number of target stimuli correctly identified (i.e., captured);
the number of target stimuli for which the user failed to react
(missed stimuli); the number of non-target stimuli for which
there was a response; the number of times the button or
switch was activated after a stimulus passed (late hits); and
the final interstimulus interval (and/or the minimum inter-
stimulus interval attained during the test).

As was described relative to FIGS. 1 and 2, program
instructions for establishing the diagnostic assessment pro-
cedure (e.g., storing suitable program instructions in exter-
nal memory 12) and retrieval of signals representative of the
diagnostic measures gathered during diagnostic testing (e.g.,
accessing information stored in external memory 12) are
performed by executing an administrator program with the
clinician’s computer (22 in FIG. 1; digital signal processing
unit 42 in FIG. 2). When the administrator program of the
current realizations of the invention is executed, a main
menu screen is displayed, allowing the clinician to select
menu items that include: the opening of a new file (i.e.,
establishing a diagnostic assessment procedure for a new
patient or subject); opening an existing file; saving a file
(storing a diagnostic assessment configuration in memory of
the clinician’s computer); closing a file; and producing the
diagnostic assessment procedure (i.e., storing the appropri-
ate program instructions in an external memory 12 or,
alternatively, initiating execution of a diagnostic assessment
procedure with a microprocessor-based unit 10 that is
directly connected to the clinician’s computer (FIG. 2).

The sequence of steps that is executed when a new file is
opened during execution of the administrator program is
shown in FIG. 6. As is indicated at block 110, the first step
of opening a new file is the display of a “mask,” i.e., a form
that includes empty fields for insertion of information such
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as the name of the patient or subject, age, sex, grade or
educational level, date on which the test is to be performed,
name of attending physician or clinician; and the identity of
the person establishing the diagnostic assessment procedure.

The next step of establishing a new file is indicated at
block 112 and consists of creating the desired diagnostic
assessment procedure. In this step, a set-up screen is dis-
played that allows the clinician or test administrator to
establish a desired battery of the previously described audio
and visual delayed reaction tests and the previously
described audio and visual continued performance tests
(both with and without distractions). The tests can be
selected in any sequence and, if desired, a particular type of
test can be repeated without intervening execution of a
different type of test. Further, in the currently preferred
realizations of the invention, a short training procedure is
available for both delayed reaction testing and continuous
performance testing. In most cases, the clinician or admin-
istrator will include one or both of the training procedures in
the diagnostic assessment procedure.

The set-up screen also includes provision for the clinician
or administrator to select the various previously mentioned
delayed reaction test parameters and continuous perfor-
mance test parameters. Specifically, the clinician can select
the delay range that will determine the upper and lower
limits of the random time delay between a warning stimulus
and a trigger stimulus in the delayed reaction tests and can
also set the number of trigger stimuli that will occur during
each delayed reaction test. With respect to each continuous
performance test, the set-up screen allows the clinician to set
the duration of each test, the percentage of target stimuli
(i.e., the mix of non-target and target stimuli), the amount by
which the interstimulus interval decreases each time a
patient or subject captures a target stimulus; the amount by
which the interstimulus interval increases when the patient
misses; and the type of target stimulus to be used (e.g.,
apples, grapes, lemons, or oranges).

Once the diagnostic assessment procedure has been estab-
lished for a patient or subject, the sequence for establishing
a new file causes the “save,” “close,” and “produce test”
sequences of the administrator program to be enabled
(indicated at block 114) and disables the “open” and “new”
sequences of the administrator program. As is indicated at
block 118 in FIG. 7, the sequence then returns to the menu
screen. Since the “open” and “new” sequences have been
disabled, those menu items are preferably at least partially
blanked out or otherwise indicated as not being available for
selection.

When the administrator program is initiated, the clinician
can select the “open file” menu item as an alternative to the
“new file” item. As is indicated in FIG. 7, the sequence that
is executed when the “open file” menu item is selected
begins with the display with a list of existing files (e.g.,
patient names or identification numbers), which is indicated
at block 120. Also displayed is an option that allows the
clinician or administrator to cancel the sequence for opening
a file. If selected, the option for canceling the sequence
returns the screen display to a display of the main menu
(indicated at block 122). On the other hand, if the clinician
or administrator selects a particular patient, the information
about the patient and the battery of tests and test parameters
that was recorded during the new file procedure is displayed
(indicated at block 124). As is shown at block 126, the
administrator program then sequences to disable menu items
that would otherwise allow the opening of a new or different.
The menu item that allows the production of a diagnostic test
routine (such as the loading of an external memory unit 12
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with program instructions) also is disabled. As is indicated
at block 128, menu items for saving a file, closing a file, and
for displaying or printing test results that were stored when
the diagnostic assessment procedure for that patient was
conducted or enabled.

The system then returns to displaying the menu with the
enabled menu items being displayed in a manner that
distinguishes those menu items from the disabled menu
items (indicated at block 130).

The sequence that is executed when the administrator
program is used to save a patient file is shown in FIG. 8 and
begins with a determination of whether a “record modified”
is set (block 132). The record modified flag is a field in the
data record for each patient and is set whenever that patients
file is opened and modified by adding new information, or
changing information that was previously entered. If the
record modified flag is not set, the sequence shown in FIG.
8 is terminated and the system display returns to the selec-
tion menu (indicated at block 134). On the other hand, if the
record modified flag is set, a determination is made as to
whether sufficient patient identification information is
included in the patient file or record being processed
(indicated at decision block 136). In the event of insufficient
identification a warning message is displayed (block 138).
The sequence for saving the file is canceled and the display
returns to the main menu (indicated at block 140).

When sufficient patient identification is included in the
record being processed, the administrator program deter-
mines whether the record already exists (decision block
142). As is shown at block 144, an existing file is modified
in accordance with information included in the file being
saved. Next, the record modified flag is cleared (block 146);
and the system display is returned to the main menu (block
134). However, if the file being processed does not already
exist, a new record is stored in system memory (block 148);
the record modified flag is cleared (block 146); and the
system display is returned to the main menu (block 134).

As is shown in FIG. 9, the sequence by which the
administrator program closes a previously opened patient
record begins with a determination of whether the record
modifier flag is set (indicated at decision block 150). If the
record has been modified, the clinician or administrator
executing the program is prompted to specify whether the
modified record should be saved, discarded, or whether the
sequence to close the record should be canceled (indicated
at block 152). As is indicated at block 156, if the modified
record is to be saved, the above-discussed sequence for
saving the record is executed.

A determination at decision block 150 that the record has
not been modified causes deactivation of the menu items for
saving a file or record, closing a file, and for displaying and
printing test results. The menu item that allows storage of
program instructions in an external memory 12 or the
alternative administration of a diagnostic assessment proce-
dure with a microprocessor-based unit 10 that is connected
to the clinician’s computer is also disabled (all indicated at
block 158 in FIG. 9). As is shown in FIG. 9, these menu
items also are disabled after saving a modified file (i.e., the
completion of the operation indicated at block 156) and, in
addition, upon executing an instruction to discard a modified
record (shown at block 152). As is indicated at block 160,
once the specified menu items have been disabled, the menu
items for establishing a new file and for opening an existing
file are enabled (block 160); the record is removed from the
display screen (block 162); and the main menu is displayed
(block 164).
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The sequence that is executed during the administrator
program to load desired program instructions into an exter-
nal memory unit 12 or, alternatively, initiate a diagnostic
assessment procedure with a microprocessor-based unit 10
that is electrically connected to the clinician’s computer is
shown in FIG. 10. As is indicated at decision block 166, the
sequence begins with a determination of whether a
microprocessor-based unit 10 is both connected to the cli-
nician’s computer and is turned on. If a microprocessor-
based unit is both connected and active, the program instruc-
tions required to configure the microprocessor for the test
specified in the currently open patient file are transferred to
the microprocessor-based unit (block 168). The sequence
then remains in a “wait” state until the microprocessor 10
signals that the diagnostic test results are available (block
170). Once the test results are available and stored in
memory, the menu items for displaying test results and
printing test results are enabled (block 172); the previously
discussed record modified flag is set (block 174); and the
system display returns to the main menu (block 176).

When a microprocessor unit 10 that is electrically con-
nected with the clinician’s computer is not turned on
(determined at block 166), a determination is made at block
178 as to whether an external memory unit 12 is to be loaded
with program instructions (e.g., whether an external memory
unit 12 is present in receptacle 38 of the arrangements shown
in FIGS. 1 and 2). If an external memory unit 12 is not
present, a message is displayed indicating that an error
condition has been encountered (block 182) and the admin-
istrator program sequences to the main menu screen (block
176). If an external memory unit 12 is present, the program
instructions for establishing a diagnostic assessment proce-
dure for the open patient file are loaded into the external
memory unit 12 for subsequent use by the patient.

Referring to FIG. 11, the sequence by which the clinician
or administrator exits the administrator program begins with
the determination as to whether a patient file or record is
open (decision block 184). If an open patient file or record
is detected, the sequence for closing the file that was
discussed relative to FIG. 9 is executed (indicated at block
186). If the sequence for closing the file is canceled prior to
completion, the sequence for exiting the administrator pro-
gram is canceled and the main menu is displayed (indicated
at block 188). Successful completion of the sequence for
closing an open file results in execution of “housekeeping”
routines that close the database that stores test results and, in
addition, perform memory cleanup operations (indicated at
block 190); and the administrator program is removed from
active memory (indicated at block 192).

If no record is open when the exit sequence is executed
(determined at block 184), the clinician is prompted to
confirm whether an exit from the administrator program is to
be made (indicated at block 194). If the exit command is
verified, the database of test results is closed and memory
cleanup accomplished (block 190), with subsequent exit
from the administrator program (block 192). In the event
exit is not to be made, the main menu is again displayed
(block 188).

While the preferred embodiment of the invention has been
illustrated and described, it will be appreciated that various
changes can be made therein without departing from the
spirit and scope of the invention. As previously mentioned,
the invention can be embodied in various ways to provide a
microprocessor-based unit with program instructions that
cause the microprocessor-based unit to operate in a manner
suitable for the assessment of various psychological condi-
tions. For example, in assessing and treating habitual smok-
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ing or addiction to nicotine, a microprocessor-based unit
(e.g., video game system) can be programmed to present a
game-like presentation that may or may not directly relate to
smoking. Such a unit can be given to a user with instructions
to “play” the game-like presentation each time the user has
an urge to smoke over a predetermined period such as three
weeks. At the end of the prescribed period, the clinician can
access the stored information and based on computer
assisted analysis of the retrieved data can determine the
nature, frequency and severity of the user’s habit or
addiction, as well as the motivation or stimulus that triggers
an urge to smoke. Based on that information, an informed
decision can be reached as to whether the user of the system
(e.g., patient) is likely to respond to behavioral therapy or
whether chemical replacement therapy or a combination of
the two therapies should be used. Various other addictions
and behavioral patterns can be assessed in similar fashion.

As another example of the manner in which the invention
can be embodied, a series of interactive assessment sessions
for conditions such as depression or anxiety can be pre-
sented via interactive cable television to a wide audience. In
such an arrangement, the patient or subject is enrolled in the
sessions by a psychiatrist or other healthcare professional.
The patient or user tunes the interactive television system to
a predetermined channel at a predetermined time and enters
a personal identification code via a microprocessor-based
unit that is connected for receiving and sending signals via
the interactive television system. Program instructions are
then provided to the microprocessor-based unit via the
interactive television system and the patient or user responds
to various stimuli during the televised diagnostic assessment
section. As is the case with other arrangements of the
invention, the televised assessment session can be in a
game-like format or other presentation that is unobtrusive.
Diagnostic information gathered during the session can be
provided to the clinician in one of the several ways discussed
with respect to FIGS. 1 and 2. By analyzing the diagnostic
assessment data gathered during the interactive assessment
sessions, the psychiatrist or other healthcare professional
can make a better informed decision as to the need for
clinical therapy and/or medication than can be made based
only on traditional clinical sessions.

The invention further presents a system and method for
remotely monitoring individuals and for communicating
information to the individuals. In a preferred embodiment of
the invention, the individuals are patients and the system is
used to collect data relating to the health status of the
patients. However, it is to be understood that the invention
is not limited to remote patient monitoring. The system and
method of the invention may be used for any type of remote
monitoring application. The invention may also be imple-
mented as an automated messaging system for communi-
cating information to individuals, as will be discussed in an
alternative embodiment below.

A preferred embodiment of the invention is illustrated in
FIGS. 201-212. Referring to FIG. 201, a networked system
2016 includes a server 2018 and a workstation 2020 con-
nected to server 2018 through a communication network
2024. Server 2018 is preferably a world wide web server and
communication network 2024 is preferably the Internet. It
will be apparent to one skilled in the art that server 2018 may
comprise a single stand-alone computer or multiple com-
puters distributed throughout a network. Workstation 2020 is
preferably a personal computer, remote terminal, or web TV
unit connected to server 2018 via the Internet. Workstation
2020 functions as a remote interface for entering in server
2018 messages and queries to be communicated to the
patients.

10

15

20

25

30

35

40

45

50

55

60

65

24

System 2016 also includes first and second remotely
programmable apparatuses 2026 and 2032 for monitoring
first and second patients, respectively. Each apparatus is
designed to interact with a patient in accordance with script
programs received from server 2018. Each apparatus is in
communication with server 2018 through communication
network 2024, preferably the Internet. Alternatively, each
apparatus may be placed in communication with server 2018
via wireless communication networks, cellular networks,
telephone networks, or any other network which allows each
apparatus to exchange data with server 2018. For clarity of
illustration, only two apparatuses are shown in FIG. 201. It
is to be understood that system 2016 may include any
number of apparatuses for monitoring any number of
patients.

In the preferred embodiment, each patient to be monitored
is also provided with a monitoring device 2028. Monitoring
device 2028 is designed to produce measurements of a
physiological condition of the patient, record the
measurements, and transmit the measurements to the
patient’s apparatus through a standard connection cable
2030. Examples of suitable monitoring devices include
blood glucose meters, respiratory flow meters, blood pres-
sure cuffs, electronic weight scales, and pulse rate monitors.
Such monitoring devices are well known in the art. The
specific type of monitoring device provided to each patient
is dependent upon the patient’s disease. For example, dia-
betes patients are provided with a blood glucose meters for
measuring blood glucose concentrations, asthma patients are
provided with respiratory flow meters for measuring peak
flow rates, obesity patients are provided with weight scales,
etc.

FIG. 202 shows server 2018, workstation 2020, and
apparatus 2026 in greater detail. Server 2018 includes a
database 2038 for storing script programs 2040. The script
programs are executed by each apparatus to communicate
queries and messages to a patient, receive responses 2042 to
the queries, collect monitoring device measurements 2044,
and transmit responses 2042 and measurements 2044 to
server 2018. Database 2038 is designed to store the
responses 2042 and measurements 2044. Database 2038
further includes a look-up table 2046. Table 2046 contains a
list of the patients to be monitored, and for each patient, a
unique patient identification code and a respective pointer to
the script program assigned to the patient. Each remote
apparatus is designed to execute assigned script programs
which it receives from server 2018.

FIGS. 203-204 show the structure of each apparatus
according to the preferred embodiment. For clarity, only
apparatus 2026 is shown since each apparatus of the pre-
ferred embodiment has substantially identical structure to
apparatus 2026. Referring to FIG. 203, apparatus 2026
includes a housing 2062. Housing 2062 is sufficiently com-
pact to enable apparatus 2026 to be hand-held and carried by
a patient. Apparatus 2026 also includes a display 2064 for
displaying queries and prompts to the patient. In the pre-
ferred embodiment, display 2064 is a liquid crystal display
(LCD).

Four user input buttons 2070A, 2070B, 2070C, and
2070D are located adjacent display 2064. The user input
buttons are for entering in apparatus 2026 responses to the
queries and prompts. In the preferred embodiment, the user
input buttons are momentary contact push buttons. In alter-
native embodiments, the user input buttons may be replaced
by switches, keys, a touch sensitive display screen, or any
other data input device.

Three monitoring device jacks 2068A, 2068B, and 2068C
are located on a surface of housing 2062. The device jacks
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are for connecting apparatus 2026 to a number of monitoring
devices, such as blood glucose meters, respiratory flow
meters, or blood pressure cuffs, through respective connec-
tion cables (not shown). Apparatus 2026 also includes a
modem jack 2066 for connecting apparatus 2026 to a
telephone jack through a standard connection cord (not
shown). Apparatus 2026 further includes a visual indicator,
such as a light emitting diode (LED) 2074. LED 2074 is for
visually notifying the patient that he or she has unanswered
queries stored in apparatus 2026.

FIG. 204 is a schematic block diagram illustrating the
components of apparatus 2026 in greater detail. Apparatus
2026 includes a microprocessor 2076 and a memory 2080
connected to microprocessor 2076. Memory 2080 is pref-
erably a non-volatile memory, such as a serial EEPROM.
Memory 2080 stores script programs received from the
server, measurements received from monitoring device
2028, responses to queries, and the patient’s unique identi-
fication code. Microprocessor 2076 also includes built-in
read only memory (TOM) which stores firmware for con-
trolling the operation of apparatus 2026. The firmware
includes a script interpreter used by microprocessor 2076 to
execute the script programs. The script interpreter interprets
script commands which are executed by microprocessor
2076. Specific techniques for interpreting and executing
script commands in this manner are well known in the art.

Microprocessor 2076 is preferably connected to memory
2080 using a standard two-wire I*C interface. Microproces-
sor 2076 is also connected to user input buttons 2070, LED
2074, a clock 2084, and a display driver 2082. Clock 2084
indicates the current date and time to microprocessor 2076.
For clarity of illustration, clock 2084 is shown as a separate
component, but is preferably built into microprocessor 2076.
Display driver 2082 operates under the control of micro-
processor 2076 to display information on display 2064.
Microprocessor 2076 is preferably a PIC 16C65 processor
which includes a universal asynchronous receiver transmit-
ter (UART) 2078. UART 2078 is for communicating with a
modem 2086 and a device interface 2090. A CMOS switch
2088 under the control of microprocessor 2076 alternately
connects modem 2086 and interface 2090 to UART 2078.

Modem 2086 is connected to a telephone jack 2022
through modem jack 2066. Modem 2086 is for exchanging
data with server 2018 through communication network
2024. The data includes script programs which are received
from the server as well as responses to queries, device
measurements, script identification codes, and the patient’s
unique identification code which modem 2086 transmits to
the server. Modem 2086 is preferably a complete 28.8 K
modem commercially available from Cermetek, although
any suitable modem may be used.

Device interface 2090 is connected to device jacks
2068A, 2068B, and 2068C. Device interface 2090 is for
interfacing with a number of monitoring devices, such as
blood glucose meters, respiratory flow meters, blood pres-
sure cuffs, weight scales, or pulse rate monitors, through the
device jacks. Device interface 2090 operates under the
control of microprocessor 2076 to collect measurements
from the monitoring devices and to output the measurements
to microprocessor 2076 for storage in memory 2080. In the
preferred embodiment, interface 2090 is a standard RS232
interface. For simplicity of illustration, only one device
interface is shown in FIG. 204. However, in alternative
embodiments, apparatus 2026 may include multiple device
interfaces to accommodate monitoring devices which have
different connection standards.

Referring again to FIG. 202, server 2018 includes a
monitoring application 2048. Monitoring application 2048 is
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a controlling software application executed by server 2018
to perform the various functions described below. Applica-
tion 2048 includes a script generator 2050, a script assignor
2052, and a report generator 2054. Script generator 2050 is
designed to generate script programs 2040 from script
information entered through workstation 2020. The script
information is entered through a script entry screen 2056. In
the preferred embodiment, script entry screen 2056 is imple-
mented as a web page on server 2018. Workstation 2020
includes a web browser for accessing the web page to enter
the script information.

FIG. 205 illustrates script entry screen 2056 as it appears
on workstation 2020. Screen 2056 includes a script name
field 2092 for specifying the name of a script program to be
generated. Screen 2056 also includes entry fields 2094 for
entering a set of queries to be answered by a patient. Each
entry field 2094 has corresponding response choice fields
2096 for entering response choices for the query. Screen
2056 further includes check boxes 2098 for selecting a
desired monitoring device from which to collect
measurements, such as a blood glucose meter, respiratory
flow meter, or blood pressure cuff.

Screen 2056 additionally includes a connection time field
2100 for specifying a prescribed connection time at which
each apparatus executing the script is to establish a subse-
quent communication link to the server. The connection time
is preferably selected to be the time at which communication
rates are the lowest, such as 3:00 AM. Screen 2056 also
includes a CREATE SCRIPT button 2102 for instructing the
script generator to generate a script program from the
information entered in screen 2056. Screen 2056 further
includes a CANCEL button 2104 for canceling the infor-
mation entered in screen 2056.

In the preferred embodiment, each script program created
by the script generator conforms to the standard file format
used on UNIX systems. In the standard file format, each
command is listed in the upper case and followed by a colon.
Every line in the script program is terminated by a linefeed
character {LF}, and only one command is placed on each
line. The last character in the script program is a UNIX end
of file character {EOF}. Table 1 shows an exemplary listing
of script commands used in the preferred embodiment of the
invention.

Command Description

CLS: {LF} Clear the display.

ZAP: {LF}  FErase from memory the last set of query responses
recorded.

LED: b{LF} Turn the LED on or off, where b is a binary digit of 0
or 1. An argument of 1 turns on the LED, and an
argument of O turns off the LED.

DISPLAY:  Display the text following the DISPLAY command.

{chars}{LF}

INPUT: Record a button press. The m’s represent a button mask

mmmm{LF} pattern for each of the four input buttons. Each m
contains an “X” for disallowed buttons or an “O” for
allowed buttons. For example, INPUT: OXOX{LF}
allows the user to press either button #1 or #3.

WAIT: {LF} Wait for any one button to be pressed, then continue
executing the script program.

COLLECT: Collect measurements from the monitoring device

device{LF} specified in the COLLECT command. The user is
preferably prompted to connect the specified monitoring
device to the apparatus and press a button to continue.

NUMBER:  Assign a script identification code to the script program.

aaaa{LF} The script identification code from the most recently

executed NUMBER statement is subsequently transmitted
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-continued
Command Description
to the server along with the query responses and device
measurements. The script identification code identifies to
the server which script program was most recently
executed by the remote apparatus.
DELAY: Wait until time t specified in the DELAY command,
t{LF} usually the prescribed connection time.
CONNECT:  Perform a connection routine to establish a
{LF} communication link to the server, tramsmit the patient

identification code, query responses, device
measurements, and script identification code to the server,
and receive and store a new script program. When the
server instructs the apparatus to disconnect, the script
interpreter is restarted, allowing the new script program to
execute.

The script commands illustrated in Table 1 are represen-
tative of the preferred embodiment and are not intended to
limit the scope of the invention. After consideration of the
ensuing description, it will be apparent to one skilled in the
art many other suitable scripting languages and sets of script
commands may be used to implement the invention.

Script generator 2050 preferably stores a script program
template which it uses to create each script program. To
generate a script program, script generator 2050 inserts into
the template the script information entered in screen 2056.
For example, FIGS. 206A-206B illustrate a sample script
program created by script generator 2050 from the script
information shown in FIG. 205.

The script program includes display commands to display
the queries and response choices entered in fields 2094 and
2096, respectively. The script program also includes input
commands to receive responses to the queries. The script
program further includes a collect command to collect
device measurements from the monitoring device specified
in check boxes 2098. The script program also includes
commands to establish a subsequent communication link to
the server at the connection time specified in field 2100. The
steps included in the script program are also shown in the
flow chart of FIGS. 212A-212B and will be discussed in the
operation section below.

Referring again to FIG. 202, script assignor 2052 is for
assigning script programs 2040 to the patients. Script pro-
grams 2040 are assigned in accordance with script assign-
ment information entered through workstation 2020. The
script assignment information is entered through a script
assignment screen 2057, which is preferably implemented as
a web page on server 2018.

FIG. 207 illustrates a sample script assignment screen
2057 as it appears on workstation 2020. Screen 2057
includes check boxes 2106 for selecting a script program to
be assigned and check boxes 2108 for selecting the patients
to whom the script program is to be assigned. Screen 2057
also includes an ASSIGN SCRIPT button 2112 for entering
the assignments. When button 2112 is pressed, the script
assignor creates and stores for each patient selected in check
boxes 2108 a respective pointer to the script program
selected in check boxes 2106. Each pointer is stored in the
patient look-up table of the database. Screen 2057 further
includes an ADD SCRIPT button 2110 for accessing the
script entry screen and a DELETE SCRIPT button 2114 for
deleting a script program.

Referring again to FIG. 202, report generator 2054 is
designed to generate a patient report 2058 from the
responses and device measurements received in server 2018.
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Patient report 2058 is displayed on workstation 2020. FIG.
210 shows a sample patient report 2058 produced by report
generator 2054 for a selected patient. Patient report 2058
includes a graph 2116 of the device measurements received
from the patient, as well as a listing of responses 2042
received from the patient. Specific techniques for writing a
report generator program to display data in this manner are
well known in the art.

The operation of the preferred embodiment is illustrated
in FIGS. 211-212. FIG. 211A is a flow chart illustrating
steps included in the monitoring application executed by
server 2018. FIG. 211B is a continuation of the flow chart of
FIG. 211A. In step 2202, server 2018 determines if new
script information has been entered through script entry
screen 2056. If new script information has not been entered,
server 2018 proceeds to step 2206. If new script information
has been entered, server 2018 proceeds to step 2204.

As shown in FIG. 2085, the script information includes a
set of queries, and for each of the queries, corresponding
responses choices. The script information also includes a
selected monitoring device type from which to collect
device measurements. The script information further
includes a prescribed connection time for each apparatus to
establish a subsequent communication link to the server. The
script information is generally entered in server 2018 by a
healthcare provider, such as the patients’ physician or case
manager. Of course, any person desiring to communicate
with the patients may also be granted access to server 2018
to create and assign script programs. Further, it is to be
understood that the system may include any number of
remote interfaces for entering script generation and script
assignment information in server 2018.

In step 2204, script generator 2050 generates a script
program from the information entered in screen 2056. The
script program is stored in database 2038. Steps 2202 and
2204 are preferably repeated to generate multiple script
programs, e.g. a script program for diabetes patients, a script
program for asthma patients, etc. Each script program cor-
responds to a respective one of the sets of queries entered
through script entry screen 2056. Following step 2204,
server 2018 proceeds to step 2206.

In step 2206, server 2018 determines if new script assign-
ment information has been entered through assignment
screen 2057. If new script assignment information has not
been entered, server 2018 proceeds to step 2210. If new
script assignment information has been entered, server 2018
proceeds to step 2208. As shown in FIG. 207, the script
programs are assigned to each patient by selecting a script
program through check boxes 2106, selecting the patients to
whom the selected script program is to be assigned through
check boxes 2108, and pressing the ASSIGN SCRIPT button
2112. When button 2112 is pressed, script assignor 2052
creates for each patient selected in check boxes 2108 a
respective pointer to the script program selected in check
boxes 2106. In step 2208, each pointer is stored in look-up
table 2046 of database 2038. Following step 2208, server
2018 proceeds to step 2210.

In step 2210, server 2018 determines if any of the
apparatuses are remotely connected to the server. Each
patient to be monitored is preferably provided with his or her
own apparatus which has the patient’s unique identification
code stored therein. Each patient is thus uniquely associated
with a respective one of the apparatuses. If none of the
apparatuses is connected, server 2018 proceeds to step 2220.

If an apparatus is connected, server 2018 receives from
the apparatus the patient’s unique identification code in step
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2212. In step 2214, server 2018 receives from the apparatus
the query responses 2042, device measurements 2044, and
script identification code recorded during execution of a
previously assigned script program. The script identification
code identifies to the server which script program was
executed by the apparatus to record the query responses and
device measurements. The responses, device measurements,
and script identification code are stored in database 2038.

In step 2216, server 2018 uses the patient identification
code to retrieve from table 2046 the pointer to the script
program assigned to the patient. The server then retrieves the
assigned script program from database 2038. In step 2218,
server 2018 transmits the assigned script program to the
patient’s apparatus through communication network 2024.
Following step 2218, server 2018 proceeds to step 2220.

In step 2220, server 2018 determines if a patient report
request has been received from workstation 2020. If no
report request has been received, server 2018 returns to step
2202. If a report request has been received for a selected
patient, server 2018 retrieves from database 2038 the mea-
surements and query responses last received from the
patient, step 2222. In step 2224, server 2018 generates and
displays patient report 2058 on workstation 2020. As shown
in FIG. 210, report 2058 includes the device measurements
and query responses last received from the patient. Follow-
ing step 2224, the server returns to step 2202.

FIGS. 212A-212B illustrate the steps included in the
script program executed by apparatus 2026. Before the
script program is received, apparatus 2026 is initially pro-
grammed with the patient’s unique identification code and
the script interpreter used by microprocessor 2076 to
execute the script program. The initial programming may be
achieved during manufacture or during an initial connection
to server 2018. Following initial programming, apparatus
2026 receives from server 2018 the script program assigned
to the patient associated with apparatus 2026. The script
program is received by modem 2086 through a first com-
munication link and stored in memory 2080.

In step 2302, microprocessor 2076 assigns a script iden-
tification code to the script program and stores the script
identification code in memory 2080. The script identification
code is subsequently transmitted to the server along with the
query responses and device measurements to identify to the
server which script program was most recently executed by
the apparatus. In step 2304, microprocessor 2076 lights LED
2074 to notify the patient that he or she has unanswered
queries stored in apparatus 2026. LED 2074 preferably
remains lit until the queries are answered by the patient. In
step 2306, microprocessor 2076 erases from memory 2080
the last set of query responses recorded.

In step 2308, microprocessor 2076 prompts the patient by
displaying on display 2064 “ANSWER QUERIES NOW?
PRESS ANY BUTTON TO START”. In step 2310, micro-
processor 2076 waits until a reply to the prompt is received
from the patient. When a reply is received, microprocessor
2076 proceeds to step 2312. In step 2312, microprocessor
2076 executes successive display and input commands to
display the queries and response choices on display 2064
and to receive responses to the queries.

FIG. 208 illustrates a sample query and its corresponding
response choices as they appear on display 2064. The
response choices are positioned on display 2064 such that
each response choice is located proximate a respective one
of the input buttons. In the preferred embodiment, each
response choice is displayed immediately above a respective
input button. The patient presses the button corresponding to
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his or her response. Microprocessor 2076 stores each
response in memory 2080.

In steps 2314-2318, microprocessor 2076 executes com-
mands to collect device measurements from a selected
monitoring device. The script program specifies the selected
monitoring device from which to collect the measurements.
In step 2314, microprocessor 2076 prompts the patient to
connect the selected monitoring device, for example a blood
glucose meter, to one of the device jacks. A sample prompt
is shown in FIG. 209. In step 2316, microprocessor 2076
waits until a reply to the prompt is received from the patient.
When a reply is received, microprocessor 2076 proceeds to
step 2318. Microprocessor 2076 also connects UART 2078
to interface 2090 through switch 2088. In step 2318, micro-
processor 2076 collects the device measurements from
monitoring device 2028 through interface 2090. The mea-
surements are stored in memory 2080.

In step 2320, microprocessor 2076 prompts the patient to
connect apparatus 2026 to telephone jack 2022 so that
apparatus 2026 may connect to server 2018 at the prescribed
connection time. In step 2322, microprocessor 2076 waits
until a reply to the prompt is received from the patient. When
a reply is received, microprocessor 2076 turns off LED 2074
in step 2324. In step 2326, microprocessor 2076 waits until
it is time to connect to server 2018. Microprocessor 2076
compares the connection time specified in the script program
to the current time output by clock 2084. When it is time to
connect, microprocessor 2076 connects UART 2078 to
modem 2086 through switch 2088.

In step 2328, microprocessor 2076 establishes a subse-
quent communication link between apparatus 2026 and
server 2018 through modem 2086 and communication net-
work 2024. If the connection fails for any reason, micro-
processor 2076 repeats step 2328 to get a successful con-
nection. In step 2330, microprocessor 2076 transmits the
device measurements, query responses, script identification
code, and patient identification code stored in memory 2080
to server 2018 through the subsequent communication link.
In step 2332, microprocessor 2076 receives through modem
2086 a new script program from server 2018. The new script
program is stored in memory 2080 for subsequent execution
by microprocessor 2076. Following step 2332, the script
program ends.

One advantage of the monitoring system of the present
invention is that it allows each patient to select a convenient
time to respond to the queries, so that the monitoring system
is not intrusive to the patient’s schedule. A second advantage
of the monitoring system is that it incurs very low commu-
nications charges because each remote apparatus connects to
the server at times when communication rates are lowest.
Moreover, the cost to manufacture each remote apparatus is
very low compared to personal computers or Internet
terminals, so that the monitoring system is highly affordable.

A third advantage of the monitoring system is that it
allows each apparatus to be programmed remotely through
script programs. Patient surveys, connection times, display
prompts, selected monitoring devices, patient
customization, and other operational details of each appa-
ratus may be easily changed by transmitting a new script
program to the apparatus. Moreover, each script program
may be easily created and assigned by remotely accessing
the server through the Internet. Thus, the invention provides
a powerful, convenient, and inexpensive system for
remotely monitoring a large number of patients.

FIGS. 213-215 illustrate a second embodiment of the
invention in which each remotely programmable apparatus
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has speech recognition and speech synthesis functionality.
FIG. 213 shows a perspective view of an apparatus 2027
according to the second embodiment. Apparatus 2027
includes a speaker 2072 for audibly communicating queries
and prompts to the patient. Apparatus 2027 also includes a
microphone 2118 for receiving spoken responses to the
queries and prompts. Apparatus 2027 may optionally
include a display 2064 for displaying prompts to the patient,
as shown in FIG. 214.

FIG. 215 is a schematic block diagram illustrating the
components of apparatus 2027 in greater detail. Apparatus
2027 is similar in design to the apparatus of the preferred
embodiment except that apparatus 2027 includes an audio
processor chip 2120 in place of microprocessor 2076. Audio
processor chip 2120 is preferably an RSC-164 chip com-
mercially available from Sensory Circuits Inc. of 1735 N.
First Street, San Jose, Calif. 95112.

Audio processor chip 2120 has a microcontroller 2122 for
executing script programs received from the server. A
memory 2080 is connected to microcontroller 2122.
Memory 2080 stores the script programs and a script inter-
preter used by microcontroller 2122 to execute the script
programs. Memory 2080 also stores measurements received
from monitoring device 2028, responses to the queries,
script identification codes, and the patient’s unique identi-
fication code.

Audio processor chip 2120 also has built in speech
synthesis functionality for synthesizing queries and prompts
to a patient through speaker 2072. For speech synthesis, chip
2120 includes a digital to analog converter (DAC) 2142 and
an amplifier 2144. DAC 2142 and amplifier 2144 drive
speaker 2072 under the control of microcontroller 2122.

Audio processor chip 2120 further has built in speech
recognition functionality for recognizing responses spoken
into microphone 2118. Audio signals received through
microphone 2118 are converted to electrical signals and sent
to a preamp and gain control circuit 2128. Preamp and gain
control circuit 2128 is controlled by an automatic gain
control circuit 2136, which is in turn controlled by micro-
controller 2122. After being amplified by preamp 2128, the
electrical signals enter chip 2120 and pass through a mul-
tiplexer 2130 and an analog to digital converter (ADC)
2132. The resulting digital signals pass through a digital
logic circuit 2134 and enter microcontroller 2122 for speech
recognition.

Audio processor chip 2120 also includes a RAM 2138 for
short term memory storage and a ROM 2140 which stores
programs executed by microcontroller 2122 to perform
speech recognition and speech synthesis. Chip 2120 oper-
ates at a clock speed determined by a crystal 2126. Chip
2120 also includes a clock 2084 which provides the current
date and time to microcontroller 2122. As in the preferred
embodiment, apparatus 2027 includes an LED 2074, display
driver 2082, modem 2086, and device interface 2090, all of
which are connected to microcontroller 2122.

The operation of the second embodiment is similar to the
operation of the preferred embodiment except that queries,
response choices, and prompts are audibly communicated to
the patient through speaker 2072 rather than being displayed
to the patient on display 2064. The operation of the second
embodiments also differs from the operation of the preferred
embodiment in that responses to the queries and prompts are
received through microphone 2118 rather than through user
input buttons.

The script programs of the second embodiment are similar
to the script program shown in FIGS. 206A-206B, except
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that each display command is replaced by a speech synthesis
command and each input command is replaced by a speech
recognition command. The speech synthesis commands are
executed by microcontroller 2122 to synthesize the queries,
response choices, and prompts through speaker 2072. The
speech recognition commands are executed by microcon-
troller 2122 to recognize responses spoken into microphone
2118.

For example, to ask the patient how he or she feels and
record a response, microcontroller 2122 first executes a
speech synthesis command to synthesize through speaker
2072 “How do you feel? Please answer with one of the
following responses: very bad, bad, good, or very good.”
Next, microcontroller 2118 executes a speech recognition
command to recognize the response spoken into microphone
2118. The recognized response is stored in memory 2080
and subsequently transmitted to the server. Other than the
differences described, the operation and advantages of the
second embodiment are the same as the operation and
advantages of the preferred embodiment described above.

Although the first and second embodiments focus on
querying individuals and collecting responses to the queries,
the system of the invention is not limited to querying
applications. The system may also be used simply to com-
municate messages to the individuals. FIGS. 216-219 illus-
trate a third embodiment in which the system is used to
perform this automated messaging function. In the third
embodiment, each script program contains a set of state-
ments to be communicated to an individual rather than a set
of queries to be answered by the individual. Of course, it will
be apparent to one skilled in the art that the script programs
may optionally include both queries and statements.

The third embodiment also shows how the queries and
statements may be customized to each individual by merg-
ing personal data with the script programs, much like a
standard mail merge application. Referring to FIG. 216,
personal data relating to each individual is preferably stored
in look-up table 2046 of database 2038. By way of example,
the data may include each individual’s name, the name of
each individual’s physician, test results, appointment dates,
or any other desired data. As in the preferred embodiment,
database 2038 also stores generic script programs 2040
created by script generator 2050.

Server 2018 includes a data merge program 2055 for
merging the data stored in table 2046 with generic script
programs 2040. Data merge program 2055 is designed to
retrieve selected data from table 2046 and to insert the data
into statements in generic script programs 2040, thus creat-
ing custom script programs 2041. Each custom script pro-
gram 2041 contains statements which are customized to an
individual. For example, the statements may be customized
with the individual’s name, test results, etc. Examples of
such customized statements are shown in FIGS. 217-218.

The operation of the third embodiment is similar to the
operation of the preferred embodiment except that the script
programs are used to communicate messages to the indi-
viduals rather than to query the individuals. Each message is
preferably a set of statements. Referring to FIG. 219, the
statements may be entered in the server through script entry
screen 2056, just like the queries of the preferred embodi-
ment.

Each statement preferably includes one or more insert
commands specifying data from table 2046 to be inserted
into the statement. The insert commands instruct data merge
program 2055 to retrieve the specified data from database
2038 and to insert the data into the statement. For example,
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the insert commands shown in FIG. 219 instruct the data
merge program to insert a physician name, an appointment
date, a patient name, and a test result into the statements. As
in the preferred embodiment, each statement may also
include one or more response choices which are entered in
fields 2096.

Following entry of the statements and response choices,
CREATE SCRIPT button 2102 is pressed. When button
2102 is pressed, script generator 2050 generates a generic
script program from the information entered in screen 2056.
The generic script program is similar to the script program
shown in FIGS. 206A-206B, except that the display com-
mands specify statements to be displayed rather than que-
ries. Further, the statements include insert commands speci-
fying data to be inserted into the script program. As in the
preferred embodiment, multiple script programs are prefer-
ably generated, e.g. a generic script program for diabetes
patients, a generic script program for asthma patients, etc.
The generic script programs are stored in database 2038.

Following generation of the generic script programs,
server 2018 receives script assignment information entered
through script assignment screen 2057. As shown in FIG.
207, the script programs are assigned by first selecting one
of the generic script programs through check boxes 2106,
selecting individuals through check boxes 2108, and press-
ing the ASSIGN SCRIPT button 2112. When button 2112 is
pressed, data merge program 2055 creates a custom script
program for each individual selected in check boxes 2108.

Each custom script program is preferably created by using
the selected generic script program as a template. For each
individual selected, data merge program 2055 retrieves from
database 2038 the data specified in the insert commands.
Next, data merge program 2055 inserts the data into the
appropriate statements in the generic script program to
create a custom script program for the individual. Each
custom script program is stored in database 2038.

As each custom script program is generated for an
individual, script assignor 2052 assigns the script program to
the individual. This is preferably accomplished by creating
a pointer to the custom script program and storing the
pointer with the individual’s unique identification code in
table 2046. When the individual’s remote apparatus con-
nects to server 2018, server 2018 receives from the appa-
ratus the individual’s unique identification code. Server
2018 uses the unique identification code to retrieve from
table 2046 the pointer to the custom script program assigned
to the individual. Next, server 2018 retrieves the assigned
script program from database 2038 and transmits the script
program to the individual’s apparatus through communica-
tion network 2024.

The apparatus receives and executes the script program.
The execution of the script program is similar to the execu-
tion described in the preferred embodiment, except that
statements are displayed to the individual rather than que-
ries. FIGS. 217-218 illustrate two sample statements as they
appear on display 2064. Each statement includes a response
choice, preferably an acknowledgment such as “OK”. After
reading a statement, the individual presses the button cor-
responding to the response choice to proceed to the next
statement. Alternatively, the script program may specify a
period of time that each statement is to be displayed before
proceeding to the next statement. The remaining operation
of the third embodiment is analogous to the operation of the
preferred embodiment described above.

Although it is presently preferred to generate a custom
script program for each individual as soon as script assign-
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ment information is received for the individual, it is also
possible to wait until the individual’s apparatus connects to
the server before generating the custom script program. This
is accomplished by creating and storing a pointer to the
generic script program assigned to the individual, as previ-
ously described in the preferred embodiment. When the
individual’s apparatus connects to the server, data merge
program 2055 creates a custom script program for the
individual from the generic script program assigned to the
individual. The custom script program is then sent to the
individual’s apparatus for execution.

SUMMARY, RAMIFICATIONS, AND SCOPE

Although the above description contains many
specificities, these should not be construed as limitations on
the scope of the invention but merely as illustrations of some
of the presently preferred embodiments. Many other
embodiments of the invention are possible. For example, the
scripting language and script commands shown are repre-
sentative of the preferred embodiment. It will be apparent to
one skilled in the art many other scripting languages and
specific script commands may be used to implement the
invention.

Moreover, the invention is not limited to the specific
applications described. The system and method of the inven-
tion have many other applications both inside and outside
the healthcare industry. For example, pharmaceutical manu-
facturers may apply the system in the clinical development
and post marketing surveillance of new drugs, using the
system as an interactive, on-line monitoring tool for collect-
ing data on the efficacy, side effects, and quality of life
impact of the drugs. Compared to the current use of labor
intensive patient interviews, the system provides a fast,
flexible, and cost effective alternative for monitoring the use
and effects of the drugs.

The system may also be used by home healthcare com-
panies to enhance the service levels provided to customers,
e.g., panic systems, sleep surveillance, specific monitoring
of disease conditions, etc. Alternatively, the system may be
used to monitor and optimize the inventory of home sta-
tioned health supplies. As an example, the system may be
connected to an appropriate measuring device to optimize
timing of oxygen tank delivery to patients with COPD.

The system and method of the invention also have many
applications outside the healthcare industry. For example,
the system may be used for remote education over the
Internet, facilitating educational communication with chil-
dren or adult trainees who lack access to sophisticated and
expensive computer equipment. The system may also be
used by law enforcement officers to perform on-line surveil-
lance of individuals on probation or parole.

Further, the invention has numerous applications for
gathering data from remotely located devices. For example,
the system may be used to collect data from smart
appliances, such as identification check systems.
Alternatively, the system may be applied to the remote
monitoring of facilities, including safety and security
monitoring, or to environmental monitoring, including pol-
lution control and pipeline monitoring. Many other suitable
applications of the invention will be apparent to one skilled
in the art.

In terms of relating the new matter from application Ser.
No. 08/946,341 (and its parent applications) to the original
matter in this case, it will be readily appreciated and
understood by one of ordinary skill in the art that many of
the terms in the original case are the functional equivalent
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of, a particular embodiment of, and/or otherwise inter-
changeable with, terms in the detailed description which
came from application Ser. No. 08/946,341. For example, in
light of the foregoing description, and particularly compar-
ing FIGS. 1 and 2 (from the original application) with FIGS.
201 and 202 (from application Ser. No. 08/946,341), it will
be readily understood of ordinary skill that:

a) the remote clearinghouse 18 in FIG. 1 (and further
identified as one part of an alternate embodiment of the
remotely located digital signal processing unit 42 in
FIG. 2), is equivalent to and interchangeable with
server 2018 of FIG. 201, and vice versa;

b) in FIG. 1, the arrangement comprising data manage-
ment unit 28 connected via cable 32 to microprocessor
based unit 10 and to audiovisual display 14, is a
particular embodiment of, and in that sense equivalent
to and interchangeable with, the remote apparatus 1 (or
remote apparatus 2) of FIGS. 201 and 202, and vice
versa;

¢) the arrangement comprising control switches 44 of
FIG. 2 operated by the user in conjunction with or
response to audiovisual display 14 (of FIG. 1 or 2) is an
example, or particular embodiment, of a monitoring
device 2028 of FIG. 201, and is in that sense equivalent
to and interchangeable with monitoring device 2028,
and, in certain embodiments, vice versa;

d) the audiovisual display 14 of FIG. 1 or 2 is equivalent
to and interchangeable with the display 2064 of FIG.
203, and vice versa;

¢) the four user input buttons 20704, 2070B, 2070C, and
2070D, of FIG. 203 are examples of, or particular
embodiments of, and are in that sense equivalent to and
interchangeable with, the control switches 44 in FIG. 2,
which are connected to microprocessor based unit 10 in
FIG. 2;

f) the clinician’s computer 22 in FIG. 1 is equivalent to
and interchangeable with workstation 2020 of FIG.
201, and vice versa;

2) the communication network 2024 in FIG. 201 are
examples of, and/or particular embodiments of, and are
in that sense equivalent to and interchangeable with,
the arrangement of communications links 20, 30 and 34
in FIG. 1, and 84 in FIG. 2, and vice versa;

h) the program instruction modules of the administrator
program executed by the remotely located digital signal
processing unit 42 in FIG. 2 are examples of, or
particular embodiments of, and are in that sense
equivalent to and interchangeable with, certain of the
script programs 2040 executed by server 18 in FIG.
202, and vice versa.

The foregoing list merely identifies examples, and is not

an exhaustive list.

While the preferred embodiment of the invention has been
illustrated and described, it will be appreciated that various
changes can be made therein without departing from the
spirit and scope of the invention.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:

1. A system for assessment of a psychological condition
of a patient comprising:

(A) a patient system including:

(1) a display for displaying an image to the patient;

(2) a patient processor unit including a patient
processor, a switch operable for supplying an elec-
trical signal that is detectable by the patient
processor, and circuit means responsive to signals
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supplied by the patient processor for generating the
image on the display; and

(3) a memory for storing program instructions for
displaying an image on the display for provoking
operation of the switch, and for changing the image
in response to the operation of the switch by the
patient;

(B) a clinician system located remotely from the patient

system and including:

(1) a memory for storing administrator program
instructions for establishing a diagnostic assessment
procedure and for retrieving a diagnostic signal
which results from the operation of the switch and
which is representative of a diagnostic measure
indicated by the diagnostic assessment procedure,
wherein the administrator program instructions fur-
ther comprise a script and the diagnostic assessment
procedure includes executing the script for display-
ing queries on the display and retrieving the patient’s
responses to the queries; and

(2) a clinician processor for executing at least one of the
administrator program instructions; and

(C) a communications link connectable in signal commu-

nication with the patient system and the clinician

system for the exchange of signals between the patient
system and the clinician system.

2. The system of claim 1 wherein the diagnostic assess-
ment procedure established by the administrator program
further comprises execution of the program instructions for
administration of a diagnostic task selected from the group
of tasks comprising:

a delayed reaction task with distractions;

a delayed reaction task without distractions;

a continuous performance task with distractions;

a continuous performance task without distractions.

3. The system of claim 1 wherein the administrator
program further comprises program instructions for display
of a main menu screen allowing a clinician using the
clinician system to select a menu item from the group
comprising:

opening of a new file for establishing the diagnostic

assessment procedure for the patient;

opening an existing file for storing the diagnostic measure

resulting from the diagnostic assessment procedure in

the memory of the clinician’s computer workstation;
opening an existing file for storing a particular configu-

ration of the diagnostic assessment procedure in the

memory of the clinician’s computer workstation;
saving a file associated with a particular the patient;
closing a file;

producing the diagnostic assessment procedure;

storing the program instructions in the memory of the

patient processor unit of the patient system; and

initiating execution of the diagnostic assessment proce-
dure with the patient processor unit that is connected to
the clinician’s computer workstation.

4. The system of claim 1 wherein the clinician system is
a clinician computer workstation.

5. The system of claim 1 wherein the clinician processor
of the clinician system further comprises an input/output
unit connected in signal communication with the clinician
processor and connectable in signal communication with
peripheral devices selected from the group comprising:

a printer for printing diagnostic measurement information

generated from the diagnostic measure resulting from

the diagnostic assessment procedure;
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a facsimile machine for displaying diagnostic measure-
ment information generated from the diagnostic mea-
sure resulting from the diagnostic assessment proce-
dure;

a receptacle for receiving a removable and insertable
external memory unit; and

a patient system located locally relative to the clinician
processor and wherein the signal communication with
the clinician processor is accomplished by a serial data
cable.

6. The system of claim § wherein:

(A) the external memory unit connectable in signal com-
munication with said input/output unit further com-
prises means for storage of the program instructions for
controlling the operation of the patient processor unit
and the diagnostic measurement information generated
from the diagnostic measure resulting from the diag-
nostic assessment procedure; and

(B) the patient processor unit includes a receptacle for
receiving the external memory unit.

7. The system of claim 1 wherein the clinician system

further comprises a clearinghouse:

(A) for receiving the diagnostic signal resulting from the
interactive operation of the switch of at least one of the
patient processor units; and

(B) connectable in signal communication for data trans-
mission with the clinician system.

8. The system of claim 7 wherein the administrator
program instructions further comprise a script and the diag-
nostic assessment procedure includes executing the script
for displaying queries on the display and retrieving the
patient’s responses to the queries.

9. The system of claim 8 wherein:

(A) the clearinghouse further comprises a server including

a script generator capable of generating the script and
a database means connected to the script generator for
storing scripts created by the script generator; and

(B) the clinician system further comprises means for
entering into the server the queries to be responded to
by the patient, and for causing the script generator to
generate the script.

10. The system of claim 9 wherein the clearinghouse
further comprises means for receiving and storing a plurality
of the diagnostic signals from a plurality of the patient
processor units.

11. The system of claim 10 wherein the program instruc-
tions for retrieving a diagnostic signal representative of a
diagnostic measure resulting from the diagnostic assessment
procedure further include program instructions for transmit-
ting the plurality of diagnostic signals stored in the clear-
inghouse to the clinician system.

12. The system of claim 1 further comprising analytical
signal processing means for executing at least one instruc-
tion from a set of instructions that performs one or more
analyses of the patient’s interactive operation of the switch
in response to the image on the display for provoking
operation of the switch.

13. The system of claim 12 wherein the analytical signal
processing means is the patient processor unit, and wherein:

(A) the program instructions further include at least one
instruction from the set of instructions which perform
the one or more analyses;

(B) the patient processor unit is further programmable for
executing the at least one instruction;

(C) the memory of the patient processor unit further
comprises an addressable memory for storage of the
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diagnostic signal and the at least one instruction for
implementing the analyses; and

(D) the patient processor of the patient processor unit
further comprises means for accessing the at least one
instruction and processing the diagnostic signal stored
in the addressable memory.

14. The system of claim 12 wherein the analytical signal
processing means is the clinician processor of the remotely
located clinician system, and wherein

(A) the administrator program instructions further include
at least one instruction from the set of instructions
which perform the one or more analyses;

(B) the clinician processor is further programmable for
executing the at least one instruction;

(C) the memory of the clinician processor further com-
prises an addressable memory for storage of the diag-
nostic signal retrieved as a result of execution of the
administrator program instructions and the at least one
instruction for implementing the analyses; and

(D) the clinician processor further comprises means for
accessing the at least one instruction and processing the
diagnostic signal stored in the addressable memory.

15. The system of claim 12 wherein the analytical signal
processing means is a clearinghouse; and wherein the clear-
inghouse:

(A) includes a memory for storing, and a processor for
executing, program instructions for retrieving a diag-
nostic signal resulting from the operation of the switch
and representative of a diagnostic measure indicated by
the diagnostic assessment procedure; and is

(B) connectable in signal communication for data trans-
mission with the clinician system.

16. The system of claim 12 wherein the analytical signal
processing means further comprises a data management
unit, said data management unit being programmable for
executing the at least one instruction from the set of instruc-
tions which perform the one or more analyses; and includ-
ing:

(A) an addressable memory for storage of the diagnostic

signal;

(B) means for accessing the at least one instruction and
processing the diagnostic signal stored in the address-
able memory; and

(C) connecting means for connecting in signal commu-
nication with the patient processor unit for coupling
and transmitting signals representative of the interac-
tive operation of the switch from the patient processor
unit to the data management unit.

17. A system for remotely assessing and monitoring the

psychological condition of a patient, the system comprising:

(A) a server including:

(1) a script generator for generating a script from
clinician information;

(2) a database coupled to the script generator for storing
scripts created by the script generator;

(B) a clinician interface for:

(1) receiving entered clinician information;
(2) generating the script based upon the entered clini-
cian information;

(C) a patient system comprising:

(1) a remotely programmable apparatus including:
a. a memory for storing the script;
b. a processor that is coupled to the memory for
implementing the script;
(2) a user interface for displaying an output determined
by the processor implementing the script;
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(3) monitoring means for obtaining diagnostic signals
representative of the psychiatric condition of the
patient;

(4) circuitry for communicating signals between the
remotely programmable apparatus, the user
interface, and the monitoring means; and

(D) a communication link for providing communication
between the patient system, the server and the clinician
interface.

18. The system of claim 17 wherein the server comprises

a web server for generating a web page for entry of the
clinician information.

19. The system of claim 17 wherein the clinician infor-
mation further comprises patient message information not
intended to cause the script to elicit a response from the
patient.

20. The system of claim 17 wherein the clinician infor-
mation further comprises patient prompt information which
is intended to cause the script to elicit a response from the
patient.

21. The system of claim 20 wherein the patient prompt
information is intended to cause the script to generate
queries to be answered by the patient.

22. The system of claim 20 wherein the patient prompt
information is intended to cause the script to generate
instructions for the patient.

23. The system of claim 20 wherein:

(A) the remotely programmable apparatus provides the

monitoring means for obtaining the diagnostic signals;

(B) the user interface is included within the remotely
programmable apparatus;

(C) the memory for storing the script further includes
memory for storing the diagnostic signals;

(D) the remotely programmable apparatus includes means
for causing the diagnostic signals to be transmitted to
the server via the communication link; and

(E) the clinician interface further comprises means for
receiving the diagnostic signals from the server.

24. The system of claim 23 wherein:

(A) the remotely programmable apparatus further
includes user input buttons operable for supplying an
electrical signal that is detectable by the processor that
is coupled to the memory;

(B) the user interface includes a display for displaying an
image and presenting audible signals to the patient;

(C) the memory further comprises means for storing
program instructions for generating the patient prompt
information;

(D) the patient prompt information further comprises an
animated sequence of images displayed on the display
for provoking interactive operation of the user input
buttons by the patient;

(E) the program instructions further cause changes to the
animated sequence and generate the diagnostic signals
in response to the patient’s interactive operation of the
user input buttons; and

(F) the communication provided by the communication
link includes transmission of diagnostic signals from
the patient system to the server and from the server to
the clinician interface, and transmission of script from
the server to the patient system.

25. The system of claim 24 wherein the animated
sequence presents a diagnostic task selected from the group
of tasks comprising:

a delayed reaction task with distractions;

a delayed reaction task without distractions;
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a continuous performance task with distractions;

a continuous performance task without distractions.

26. The system of claim 20 wherein the monitoring means
is a separate monitoring device that is connectable in signal
communication with the remotely programmable apparatus
of the patient system.

27. The system of claim 26 wherein the monitoring device
further comprises:

(A) a display for displaying an image and presenting

audible signals to the patient;

(B) a patient processor unit including:

(1) a patient processor;

(2) a switch operable for supplying an electrical signal
that is detectable by the patient processor;

(3) circuitry responsive to signals supplied by the
patient processor for generating a visual display on
the display;

(4) a memory for storing program instructions for:

a. generating an animated sequence of images on the
display for provoking interactive operation of the
switch, and

b. changing the animated sequence and generating
the diagnostic signal in response to interactive
operation of the switch by the patient.

28. The system of claim 27 wherein the server comprises
a web server for generating a web page for entry of the
clinician information, and wherein the clinician interface is
connected to the web server.

29. The system of claim 27 further comprising analytical
signal processing means for executing at least one instruc-
tion from a set of instructions that performs one or more
analyses of the patient’s interactive operation of the switch
of the patient processor unit in response to the animated
sequence generated by the program instructions.

30. The system of claim 20 wherein the patient user
interface includes a speech synthesis means for audibly
communicating the patient prompt information to the
patient; and wherein the patient prompt information includes
a sequence of audio signals communicated by the speech
synthesis means for provoking interactive operation of the
user input buttons.

31. The system of claim 20 wherein the patient user
interface includes a speech recognition means for receiving
spoken responses to the patient prompt information.

32. The system of claim 20 wherein the patient user
interface comprises a display for displaying the patient
prompt information and user input buttons for entering the
patient’s responses; and wherein the patient prompt infor-
mation includes an animated sequence of images on the
display for provoking interactive operation of the user input
buttons.

33. The system of claim 32 wherein the animated
sequence presents a diagnostic task selected from the group
of tasks comprising:

a delayed reaction task with distractions;

a delayed reaction task without distractions;

a continuous performance task with distractions;

a continuous performance task without distractions.

34. The system of claim 17 wherein the communication
link includes means for establishing a first communication
link to the server to receive the script and means for
establishing a subsequent communication link to the server
to transmit the responses, and wherein the script specifies a
connection time at which to establish the subsequent com-
munication link.
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35. The system of claim 17 wherein the remotely pro-
grammable apparatus further includes notification means
connected to the processor for notifying the patient that
output of at least one of the scripts has not been communi-
cated to the patient.

36. The system of claim 35 wherein the notification means
is a visual indicator displayed by the user interface for
visually notifying the patient.

37. The system of claim 35 wherein the notification means
is an audible prompt displayed by the user interface for
audibly notifying the patient.

38. The system of claim 17 further comprising a plurality
of remotely programmable apparatuses in communication
with the server for remotely monitoring a plurality of
patients, wherein the database means includes means for
storing a plurality of scripts, the clinician interface includes
means for entering script assignment information, the server
includes script assignment means for assigning to each of
the patients at least one of the scripts from the database
means in accordance with the script assignment information,
and the database further includes means for storing a list of
the patients, and for each of the patients, a respective pointer
to the script assigned to the patient.

39. The system of claim 17 wherein the user interface of
the patient system further comprises user input buttons and
presents a diagnostic task selected from the group of tasks
comprising:

a delayed reaction task with distractions;

a delayed reaction task without distractions;

a continuous performance task with distractions;

a continuous performance task without distractions.

40. The system of claim 17 wherein the monitoring means
further comprises at least one monitoring device to gather
the diagnostic signals representative of the psychological
condition of the patient and to transmit the diagnostic signal
to the remotely programmable apparatus, wherein the
remotely programmable apparatus further includes a device
interface means connected to the processor for receiving the
diagnostic signals from the monitoring device, and wherein
the memory for storing the script includes memory for
storing the diagnostic signals, and the communication pro-
vided by the communication link includes transmission of
the diagnostic signals to the server.

41. The system of claim 40 wherein the device interface
means includes means for interfacing with a plurality of
monitoring devices, and the script specifies a selected moni-
toring device from which to collect the diagnostic signals.

42. The system of claim 40 wherein the server further
comprises report means for reporting the responses and the
diagnostic signals to the clinician interface.

43. The system of claim 40 wherein the monitoring device
further comprises:

(A) a display for displaying an image and presenting

audible signals to the patient;

(B) a patient processor unit connectable in signal com-
munication with the remotely programmable apparatus
and including:

(1) a patient processor;

(2) a switch operable for supplying an electrical signal
that is detectable by the patient processor;

(3) circuit means responsive to signals supplied by the
patient processor for generating a visual display on
the display;

(4) a memory for storing program instructions for:

a. generating an animated sequence of images on the
display for provoking interactive operation of the
switch, and

42

b. changing the animated sequence and generating
the diagnostic signals in response to interactive
operation of the switch by the patient;

(C) means for transmitting the diagnostic signals from the

5 patient processor unit to the remotely programmable
apparatus.

44. A method of assessing and monitoring the psycho-
logical condition of a patient comprising the method steps
of:

(A) receiving a script at a patient apparatus;

(B) executing the script to generate a series of stimuli on

a display;

(O) including within the series a stimulus for provoking
interactive operation of a switch by the patient;

(D) executing an analytical signal processing instruction
that analyses the patient’s interactive operation of the
switch in response to the series of stimuli;

(E) generating a diagnostic measure from the analysis of
the interactive operation of the switch; and

(F) transmitting a diagnostic signal representative of the
diagnostic measure to a clinician system located
remotely from the patient by means of a communica-
tion link.

45. The method of claim 44 further comprising the

method steps of:

(A) executing an administrator program instruction for
prescribing a diagnostic assessment procedure for
obtaining the diagnostic measure;

(B) retrieving the diagnostic signal representative of the
diagnostic measure prescribed by the diagnostic assess-
ment procedure via the communication link;

(C) storing the diagnostic signal in a memory coupled to
the communication link.

46. The method of claim 44 wherein the display further
includes a visual display, wherein the stimuli includes visual
stimuli, and wherein the stimulus for provoking interactive
operation of the switch is a visual stimulus.

47. The method of claim 44 wherein the display includes
an audio display, wherein the stimuli includes auditory
stimuli, and wherein the stimulus for provoking interactive
operation of the switch is an auditory stimulus.

48. A method for remotely assessing and monitoring the
psychological condition of a patient, the method comprising
the following steps:

entering clinician information;

generating a script based on the clinician information

transmitting the script to a server, and from the server to

a patient apparatus through a communication link;

executing the script at the patient apparatus for generating
output for the patient, wherein the output generated by
execution of the scripts comprises output of a type
selected from the group comprising:

(A) messages for the patient’s information which are
not intended to elicit a patient reply to be transmitted
to the server;

(B) queries intended to elicit a patient reply to be
transmitted to the server;

(C) prescriptive instructions intended to cause the
patient to perform a patient-administered diagnostic
procedure and to communicate the results of the
procedure to the server through the patient apparatus
and the communication link.

49. The method of claim 48:

(A) wherein the step of entering the clinician information
comprises a step selected from the group of steps
comprising:
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(1) entering script information for generation of the
script through a script entry means;

(2) assigning a predefined script to a specific patient
through a script assignment means;

(3) modifying a predefined script through the script
entry means,

(4) creating a new script through the script entry means;
and

(B) further comprising the step of providing means within

the server for storing information selected from the

following types of information:

(1) the script;

(2) the patient replies to the queries; and

(3) the results of the patient-administered diagnostic
procedure.

50. The method of claim 49 wherein the server comprises
a web server; wherein the script entry means and script
assignment means further comprise a web page hosted on
the web server, wherein the clinician information is entered
by accessing the web page through the Internet and wherein
the step of entering clinician information comprises the step
of entering the clinician information in the web page.

51. The method of claim 49 further comprising the steps
of:

providing a plurality of patients with a corresponding

plurality of patient apparatuses such that each of the
patients is associated with a respective one of the
patient apparatuses,

entering in the server a plurality of sets of the clinician

information;

generating in the server a plurality of scripts such that

each of the scripts corresponds to a respective one of
the sets of clinician information;

assigning to each of the patients at least one of the scripts;

storing in the server the scripts, a list of the patients, and

for each of the patients, a respective pointer to the script
assigned to the patient; and

transmitting to each of the patient apparatuses the script

assigned to the patient associated with the patient
apparatus.

52. The method of claim 48 wherein the patient apparatus
includes a device interface for receiving the results from the
patient-administered diagnostic procedure, and wherein the
method further comprises the steps of: collecting the results
in the patient apparatus through the device interface; trans-
mitting the results from the patient apparatus to the server;
and receiving and storing the results in the server.

53. The method of claim 52 wherein the device interface
includes means for interfacing with a plurality of monitoring
devices, the script specifies a selected monitoring device
from which to collect the diagnostic signals, and the method
further comprises the step of prompting the patient to
connect the selected monitoring device to the device inter-
face.

54. The method of claim 52 wherein the patient-
administered diagnostic procedure comprises the method
step of operating a monitoring device to generate the results,
wherein the results further comprise diagnostic signals rep-
resentative of diagnostic measurements of a psychological
condition of a patient.

55. The method of claim 54 further comprising the step of
reporting on a remote interface the diagnostic signals
received in the server.

56. The method of claim 54 further comprising the
method steps of:

(A) providing as the monitoring device a patient processor

unit;
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(B) providing for the patient processor unit:

(1) a patient processor,

(2) a switch operable for supplying an electrical signal
that is detectable by the patient processor,

(3) circuit means responsive to signals supplied by the
patient processor for generating a visual display on
the display,

(4) a memory for storing program instructions;

(C) operating the monitoring device by executing the
program instructions for performing the method steps
of:

(1) generating an animated sequence of images on the
display for provoking interactive operation of the
switch, and

(2) causing operation of the patient processor and
changing the animated sequence in response to inter-
active operation of the switch by the patient.

57. The method of claim 56 wherein the animated

sequence of images presents a psychiatric diagnosis task
selected from the group comprising:

a delayed reaction task with distractions;
a delayed reaction task without distractions;
a continuous performance task with distractions; and

a continuous performance task without distractions.
58. The method of claim 48 wherein the script is trans-
mitted from the server to the patient apparatus through a first
communication link, the responses to the script output
presented to the patient are transmitted from the patient
apparatus to the server through a subsequent communication
link, the script specifies a connection time at which to
establish the subsequent communication link.
59. The method of claim 48 wherein the patient apparatus
includes a user interface; the user interface including a
display and input buttons, and wherein the script output
presented to the patient is communicated through the display
and the patient responses to the output are received through
the input buttons.
60. The method of claim 48 wherein the patient apparatus
includes a user interface; the user interface including a
speech synthesizer, and wherein the script output presented
to the patient is communicated through the speech synthe-
sizer.
61. The method of claim 48 wherein the patient apparatus
includes a user interface; and wherein the user interface
includes a speech recognizer for receiving the patient replies
and the results of the procedure.
62. The method of claim 48 further comprising the steps
of:
providing a plurality of patients with a plurality of patient
apparatuses such that each of the patients is associated
with a respective one of the patient apparatuses;

entering in the server a plurality of sets of the clinician
information, generating in the server a plurality of
scripts such that each of the scripts corresponds to a
respective one of the sets of clinician information;

assigning to each of the patients at least one of the scripts;

storing in the server the scripts, a list of the patients, and
for each of the patients, a respective pointer to the script
assigned to the patient; and

transmitting to each of the patient apparatuses the script

assigned to the patient associated with the patient
apparatus.

63. The method of claim 62 wherein the patient apparatus
includes a device interface for receiving the results from the
patient-administered diagnostic procedure, and wherein the
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method further comprises the steps of: collecting the results
in the patient apparatus through the device interface; trans-
mitting the results from the patient apparatus to the server;
and receiving and storing the results in the server.

64. The method of claim 63 wherein the patient-

administered diagnostic procedure comprises the method
step of operating a monitoring device to generate the results,
wherein the results further comprise diagnostic signals rep-
resentative of diagnostic measurements of a psychological
condition of a patient.

65. The method of claim 64 wherein:

(A) the monitoring device further comprises a patient
processor unit including:

(1) a patient processor,

(2) a switch operable for supplying an electrical signal
that is detectable by the patient processor,

(3) circuitry responsive to signals supplied by the
patient processor for generating a visual display on
the display,

(4) a memory for storing program instructions; and

46

(B) the step of operating the monitoring device further
comprises the method step of executing the program
instructions for performing the method steps of:

(1) generating an animated sequence of images on the
display for provoking interactive operation of the
switch; and

(2) causing operation of the patient processor and
changing the animated sequence in response to inter-
active operation of the switch by the patient.

66. The method of claim 65 wherein the animated

sequence of images presents a psychiatric diagnosis task
selected from the group comprising:

a delayed reaction task with distractions;

a delayed reaction task without distractions;

a continuous performance task with distractions;

a continuous performance task without distractions.

#* #* #* #* #*
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57 ABSTRACT

The invention presents a networked system for communi-
cating information to an individual and for remotely moni-
toring the individual. The system includes a server and a
remote interface for entering in the server a set of queries to
be answered by the individual. The server is preferably a
web server and the remote interface is preferably a personal
computer or remote terminal connected to the server via the
Internet. The system also includes a remotely programmable
apparatus connected to the server via a communication
network, preferably the Internet. The apparatus interacts
with the individual in accordance with a script program
received from the server. The server includes a script gen-
erator for generating the script program from the set of
queries entered through the remote interface. The script
program is received and executed by the apparatus to
communicate the queries to the individual, to receive
responses to the queries, and to transmit the responses from
the apparatus to the server.

10 Claims, 15 Drawing Sheets
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NETWORKED SYSTEM FOR INTERACTIVE
COMMUNICATION AND REMOTE
MONITORING OF INDIVIDUALS

RELATED APPLICATION INFORMATION

This application is a divisional application of application
Ser. No. 08/946,341 filed Oct. 7, 1997, now U.S. Pat. No.
5,997,476 which is a continuation-in-part of application Ser.
No. 08/847,009 filed Apr. 30, 1997, now U.S. Pat. No.
5,897,493, This application also claims priority from pro-
visional application Ser. No. 60/041,746 filed Mar. 28, 1997
and from provisional application Ser. No. 60/041,751 filed
Mar. 28, 1997. This application also claims priority from
application Ser. No. 09/201,323 entitled “Leveraging Inter-
actions with a Community of Individuals”, filed Nov. 30,
1998 and from application Ser. No. 09/274,433 entitled
“Client-Initiated Leveraged Interaction with Providers”,
filed Mar. 22, 1999. All of the above named applications are
hereby incorporated by reference.

FIELD OF THE INVENTION

The present invention relates generally to communication
systems for remote monitoring of individuals, and in par-
ticular to a networked system for remotely monitoring
individuals and for communicating information to the indi-
viduals through the use script programs.

BACKGROUND OF THE INVENTION

In the United States alone, over 100 million people have
chronic health conditions, accounting for an estimated $700
billion in annual medical costs. In an effort to control these
medical costs, many healthcare providers have initiated
outpatient or home healthcare programs for their patients.
The potential benefits of these programs are particularly
great for chronically ill patients who must treat their diseases
on a daily basis. However, the success of these programs is
dependent upon the ability of the healthcare providers to
monitor the patients remotely to avert medical problems
before they become complicated and costly. Unfortunately,
no convenient and cost effective monitoring system exists
for the patients who have the greatest need for monitoring,
the poor and the elderly.

Prior attempts to monitor patients remotely have included
the use of personal computers and modems to establish
communication between patients and healthcare providers.
However, computers are too expensive to give away and the
patients who already own computers are only a small
fraction of the total population. Further, the patients who
own computers are typically young, well educated, and have
good healthcare coverage. Thus, these patients do not have
the greatest unmet medical needs. The patients who have the
greatest unmet medical needs are the poor and elderly who
do not own computers or who are unfamiliar with their use.

Similar attempts to establish communication between
patients and healthcare providers have included the use of
the Internet and internet terminals. Although internet termi-
nals are somewhat less costly than personal computers, they
are still too expensive to give away to patients. Moreover,
monthly on-line access charges are prohibitive for poor
patients.

Other attempts to monitor patients remotely have included
the use of medical monitoring devices with built-in modems.
Examples of such monitoring devices include blood glucose
meters, respiratory flow meters, and heart rate monitors.
Unfortunately, these monitoring devices are only designed
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to collect physiological data from the patients. They do not
allow flexible and dynamic querying of the patients for other
information, such as quality of life measures or psycho-
social variables of illness.

Prior attempts to monitor patients remotely have also
included the use of interactive telephone or video response
systems. Such interactive systems are disclosed in U.S. Pat.
Nos. 5,390,238 issued to Kirk et al. on Feb. 14, 1995,
5,434,611 issued to Tamura on Jul. 18, 1995, and 5,441,047
issued to David et al. on Aug. 15, 1995. One disadvantage
of these systems is that they either require a patient to call
in to a central facility to be monitored or require the central
facility to call the patient according to a rigid monitoring
schedule.

If the patients are required to call the central facility, only
the compliant patients will actually call regularly to be
monitored. Non-compliant patients will typically wait until
an emergency situation develops before contacting their
healthcare provider, thus defeating the purpose of the moni-
toring system. If the central facility calls each patient
according to a monitoring schedule, it is intrusive to the
patient’s life and resistance to the monitoring grows over
time.

Another disadvantage of these conventional interactive
response system is that they are prohibitively expensive for
poor patients. Further, it is difficult to identify each patient
uniquely using these systems. Moreover, these systems are
generally incapable of collecting medical data from moni-
toring devices, such as blood glucose meters, respiratory
flow meters, or heart rate monitors.

OBJECTS AND ADVANTAGES OF THE
INVENTION

In view of the above, it is an object of the present
invention to provide a simple and inexpensive system for
remotely monitoring patients and for communicating infor-
mation to the patients. It is another object of the invention
to provide a system which allows flexible and dynamic
querying of the patients. It is a further object of the invention
to provide a system which combines querying of patients
with medical device monitoring in the same monitoring
session. Another object of the invention is to provide a
monitoring system which incurs lower communications
charges than those incurred by conventional monitoring
systems. A further object of the invention is to provide a
monitoring system which may be used at any time conve-
nient for a patient.

These and other objects and advantages will become more
apparent after consideration of the ensuing description and
the accompanying drawings.

SUMMARY

The invention presents a networked system for remotely
monitoring an individual and for communicating informa-
tion to the individual. The system includes a server and a
remote interface for entering in the server a set of queries to
be answered by the individual. The server is preferably a
world wide web server and the remote interface is preferably
a personal computer or network terminal connected to the
web server via the Internet. The system also includes a
remotely programmable apparatus for interacting with the
individual. The apparatus is connected to the server via a
communication network, preferably the Internet. The appa-
ratus interacts with the individual in accordance with a script
program received from the server.

The server includes a script generator for generating the
script program from the queries entered through the remote
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interface. The script program is executable by the apparatus
to communicate the queries to the individual, to receive
responses to the queries, and to transmit the responses from
the apparatus to the server. The server also includes a
database connected to the script generator for storing the
script program and the responses to the queries.

The apparatus has a communication device, such as a
modem, for receiving the script program from the server and
for transmitting the responses to the server. The apparatus
also has a user interface for communicating the queries to
the individual and for receiving the responses to the queries.
In the preferred embodiment, the user interface includes a
display for displaying the queries and user input buttons for
entering the responses to the queries. In an alternative
embodiment, the user interface includes a speech synthe-
sizer for audibly communicating the queries and a speech
recognizer for receiving spoken responses to the queries.

The apparatus also includes a memory for storing the
script program and the responses to the queries. The appa-
ratus further includes a microprocessor connected to the
communication device, the user interface, and the memory.

The microprocessor executes the script program to com-
municate the queries to the individual, to receive the
responses to the queries, and to transmit the responses to the
server through the communication network.

In the preferred embodiment, the system also includes at
least one monitoring device for producing measurements of
a physiological condition of the individual and for transmit-
ting the measurements to the apparatus. The apparatus
further includes a device interface connected to the micro-
processor for receiving the measurements from the moni-
toring device. The measurements are stored in the memory
and transmitted to the server with the responses to the
queries. The server also preferably includes a report gen-
erator connected to the database for generating a report of
the measurements and responses. The report is displayed on
the remote interface.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a networked system accord-
ing to a preferred embodiment of the invention.

FIG. 2 is a block diagram illustrating the interaction of the
components of the system of FIG. 1.

FIG. 3 is a perspective view of a remotely programmable
apparatus of the system of FIG. 1.

FIG. 4 is a block diagram illustrating the components of
the apparatus of FIG. 3.

FIG. § is a script entry screen according to the preferred
embodiment of the invention.

FIG. 6A is a listing of a sample script program according
to the preferred embodiment of the invention.

FIG. 6B is a continuation of the listing of FIG. 6A.

FIG. 7 is a script assignment screen according to the
preferred embodiment of the invention.

FIG. 8 is a sample query appearing on a display of the
apparatus of FIG. 3.

FIG. 9 is a sample prompt appearing on the display of the
apparatus of FIG. 3.

FIG. 10 is a sample report displayed on a workstation of
the system of FIG. 1.

FIG. 11Ais a flow chart illustrating the steps included in
a monitoring application executed by the server of FIG. 1
according to the preferred embodiment of the invention.

FIG. 11B is a continuation of the flow chart of FIG. 11A.
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FIG. 12A is a flow chart illustrating the steps included in
the script program of FIGS. 6 A-6B.

FIG. 12B is a continuation of the flow chart of FIG. 12A.

FIG. 13 is a perspective view of a remotely programmable
apparatus according to a second embodiment of the inven-
tion.

FIG. 14 is a sample prompt appearing on a display of the
apparatus of FIG. 13.

FIG. 15 is a block diagram illustrating the components of
the apparatus of FIG. 13.

FIG. 16 is a schematic block diagram illustrating the
interaction of the server of FIG. 1 with the apparatus of FIG.
3 according to a third embodiment of the invention.

FIG. 17 is a first sample message appearing on the display
of the apparatus of FIG. 3.

FIG. 18 is a second sample message appearing on the
display of the apparatus of FIG. 3.

FIG. 19 is a script entry screen according to the third
embodiment of the invention.

DETAILED DESCRIPTION

The invention presents a system and method for remotely
monitoring individuals and for communicating information
to the individuals. In a preferred embodiment of the
invention, the individuals are patients and the system is used
to collect data relating to the health status of the patients.
However, it is to be understood that the invention is not
limited to remote patient monitoring. The system and
method of the invention may be used for any type of remote
monitoring application. The invention may also be imple-
mented as an automated messaging system for communi-
cating information to individuals, as will be discussed in an
alternative embodiment below.

A preferred embodiment of the invention is illustrated in
FIGS. 1-12. Referring to FIG. 1, a networked system 16
includes a server 18 and a workstation 20 connected to
server 18 through a communication network 24. Server 18
is preferably a world wide web server and communication
network 24 is preferably the Internet. It will be apparent to
one skilled in the art that server 18 may comprise a single
stand-alone computer or multiple computers distributed
throughout a network. Workstation 20 is preferably a per-
sonal computer, remote terminal, or web TV unit connected
to server 18 via the Internet. Workstation 20 functions as a
remote interface for entering in server 18 messages and
queries to be communicated to the patients.

System 16 also includes first and second remotely pro-
grammable apparatuses 26 and 32 for monitoring first and
second patients, respectively. Each apparatus is designed to
interact with a patient in accordance with script programs
received from server 18. Each apparatus is in communica-
tion with server 18 through communication network 24,
preferably the Internet. Alternatively, each apparatus may be
placed in communication with server 18 via wireless com-
munication networks, cellular networks, telephone
networks, or any other network which allows each apparatus
to exchange data with server 18. For clarity of illustration,
only two apparatuses are shown in FIG. 1. It is to be
understood that system 16 may include any number of
apparatuses for monitoring any number of patients.

In the preferred embodiment, each patient to be monitored
is also provided with a monitoring device 28. Monitoring
device 28 is designed to produce measurements of a physi-
ological condition of the patient, record the measurements,
and transmit the measurements to the patient’s apparatus
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through a standard connection cable 30. Examples of suit-
able monitoring devices include blood glucose meters, res-
piratory flow meters, blood pressure cuffs, electronic weight
scales, and pulse rate monitors. Such monitoring devices are
well known in the art. The specific type of monitoring device
provided to each patient is dependent upon the patient’s
disease. For example, diabetes patients are provided with a
blood glucose meters for measuring blood glucose
concentrations, asthma patients are provided with respira-
tory flow meters for measuring peak flow rates, obesity
patients are provided with weight scales, etc.

FIG. 2 shows server 18, workstation 20, and apparatus 26
in greater detail. Server 18 includes a database 38 for storing
script programs 40. The script programs are executed by
each apparatus to communicate queries and messages to a
patient, receive responses 42 to the queries, collect moni-
toring device measurements 44, and transmit responses 42
and measurements 44 to server 18. Database 38 is designed
to store the responses 42 and measurements 44. Database 38
further includes a look-up table 46. Table 46 contains a list
of the patients to be monitored, and for each patient, a
unique patient identification code and a respective pointer to
the script program assigned to the patient. Each remote
apparatus is designed to execute assigned script programs
which it receives from server 18.

FIGS. 3—4 show the structure of each apparatus according
to the preferred embodiment. For clarity, only apparatus 26
is shown since each apparatus of the preferred embodiment
has substantially identical structure to apparatus 26. Refer-
ring to FIG. 3, apparatus 26 includes a housing 62. Housing
62 is sufficiently compact to enable apparatus 26 to be
hand-held and carried by a patient. Apparatus 26 also
includes a display 64 for displaying queries and prompts to
the patient. In the preferred embodiment, display 64 is a
liquid crystal display (LCD).

Four user input buttons 70A, 70B, 70C, and 70D are
located adjacent display 64. The user input buttons are for
entering in apparatus 26 responses to the queries and
prompts. In the preferred embodiment, the user input buttons
are momentary contact push buttons. In alternative
embodiments, the user input buttons may be replaced by
switches, keys, a touch sensitive display screen, or any other
data input device.

Three monitoring device jacks 68A, 68B, and 68C are
located on a surface of housing 62. The device jacks are for
connecting apparatus 26 to a number of monitoring devices,
such as blood glucose meters, respiratory flow meters, or
blood pressure cuffs, through respective connection cables
(not shown). Apparatus 26 also includes a modem jack 66
for connecting apparatus 26 to a telephone jack through a
standard connection cord (not shown). Apparatus 26 further
includes a visual indicator, such as a light emitting diode
(LED) 74. LED 74 is for visually notifying the patient that
he or she has unanswered queries stored in apparatus 26.

FIG. 4 is a schematic block diagram illustrating the
components of apparatus 26 in greater detail. Apparatus 26
includes a microprocessor 76 and memory 80 connected to
microprocessor 76. Memory 80 is preferably a non-volatile
memory, such as a serial EEPROM. Memory 80 stores script
programs received from the server, measurements received
from monitoring device 28, responses to queries, and the
patient’s unique identification code. Microprocessor 76 also
includes built-in read only memory (ROM) which stores
firmware for controlling the operation of apparatus 26. The
firmware includes a script interpreter used by microproces-
sor 76 to execute the script programs. The script interpreter
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interprets script commands which are executed by micro-
processor 76. Specific techniques for interpreting and
executing script commands in this manner are well known in
the art.

Microprocessor 76 is preferably connected to memory 80
using a standard two-wire I°C interface. Microprocessor 76
is also connected to user input buttons 70, LED 74, a clock
84, and a display driver 82. Clock 84 indicates the current
date and time to microprocessor 76. For clarity of
illustration, clock 84 is shown as a separate component, but
is preferably built into microprocessor 76. Display driver 82
operates under the control of microprocessor 76 to display
information on display 64. Microprocessor 76 is preferably
a PIC 16C65 processor which includes a universal asyn-
chronous receiver transmitter (UART) 78. UART 78 is for
communicating with a modem 86 and a device interface 90.
A CMOS switch 88 under the control of microprocessor 76
alternately connects modem 86 and interface 90 to UART
78.

Modem 86 is connected to a telephone jack 22 through
modem jack 66. Modem 86 is for exchanging data with
server 18 through communication network 24. The data
includes script programs which are received from the server
as well as responses to queries, device measurements, script
identification codes, and the patient’s unique identification
code which modem 86 transmits to the server. Modem 86 is
preferably a complete 28.8 K modem commercially avail-
able from Cermetek, although any suitable modem may be
used.

Device interface 90 is connected to device jacks 68A,
68B, and 68C. Device interface 90 is for interfacing with a
number of monitoring devices, such as blood glucose
meters, respiratory flow meters, blood pressure cuffs, weight
scales, or pulse rate monitors, through the device jacks.
Device interface 90 operates under the control of micropro-
cessor 76 to collect measurements from the monitoring
devices and to output the measurements to microprocessor
76 for storage in memory 80. In the preferred embodiment,
interface 90 is a standard RS232 interface. For simplicity of
illustration, only one device interface is shown in FIG. 4.
However, in alternative embodiments, apparatus 26 may
include multiple device interfaces to accommodate moni-
toring devices which have different connection standards.

Referring again to FIG. 2, server 18 includes a monitoring
application 48. Monitoring application 48 is a controlling
software application executed by server 18 to perform the
various functions described below. Application 48 includes
a script generator 50, a script assignor 52, and a report
generator 54. Script generator 50 is designed to generate
script programs 40 from script information entered through
workstation 20. The script information is entered through a
script entry screen 56. In the preferred embodiment, script
entry screen 56 is implemented as a web page on server 18.
Workstation 20 includes a web browser for accessing the
web page to enter the script information.

FIG. 5 illustrates script entry screen 56 as it appears on
workstation 20. Screen 56 includes a script name field 92 for
specifying the name of a script program to be generated.
Screen 56 also includes entry fields 94 for entering a set of
queries to be answered by a patient. Each entry field 94 has
corresponding response choice fields 96 for entering
response choices for the query. Screen 56 further includes
check boxes 98 for selecting a desired monitoring device
from which to collect measurements, such as a blood glu-
cose meter, respiratory flow meter, or blood pressure cuff.

Screen 56 additionally includes a connection time field
100 for specifying a prescribed connection time at which
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each apparatus executing the script is to establish a subse-
quent communication link to the server. The connection time
is preferably selected to be the time at which communication
rates are the lowest, such as 3:00 AM. Screen 56 also
includes a CREATE SCRIPT button 102 for instructing the
script generator to generate a script program from the
information entered in screen 56. Screen 56 further includes
a CANCEL button 104 for canceling the information entered
in screen 56.

In the preferred embodiment, each script program created
by the script generator conforms to the standard file format
used on UNIX systems. In the standard file format, each
command is listed in the upper case and followed by a colon.
Every line in the script program is terminated by a linefeed
character {LF} and only one command is placed on each
line. The last character in the script program is a UNIX end
of file character {EOF}. Table 1 shows an exemplary listing
of script commands used in the preferred embodiment of the
invention.

TABLE 1

SCRIPT COMMANDS

Command Description

CLS: {LF} Clear the display.

ZAP: {LF} Erase from memory the last set of query
responses recorded.

LED: b{LF} Turn the LED on or off, where b is a binary

digit of 0 or 1. An argument of 1 turns on the
LED, and an argument of O turns off the LED.
Display the text following the DISPLAY
command.

Record a button press. The m’s represent a
button mask pattern for each of the four input
buttons. Each in contains an “X” for disallowed
buttons or an “O” for allowed buttons. For
example, INPUT: OXOX{LF} allows the user
to press either button #1 or #3.

Wait for any one button to be pressed, then
continue executing the script program.

Collect measurements from the monitoring
device specified in the COLLECT command.
The user is preferably prompted to connect the
specified monitoring device to the apparatus
and press a button to continue.

Assign a script identification code to the script
program. The script identification code from
the most recently executed NUMBER state-
ment is subsequently transmitted to the server
along with the query responses and device
measurements. The script identification code
identifies to the server which script program
was most recently executed by the remote
apparatus.

Wait until time t specified in the DELAY
command, usually the prescribed connection
time.

Perform a connection routine to establish a
communication link to the server, transmit the
patient identification code, query responses,
device measurements, and script identification
code to the server, and receive and store a new
script program. When the server instructs the
apparatus to disconnect, the script interpreter
is restarted, allowing the new script program to
execute.

DISPLAY: {chars} {LF}

INPUT: mmmm{LF}

WAIT: {LF}

COLLECT: device{LF}

NUMBER: aaaa{LF}

DELAY: t {LF}

CONNECT: {LF}

The script commands illustrated in Table 1 are represen-
tative of the preferred embodiment and are not intended to
limit the scope of the invention. After consideration of the
ensuing description, it will be apparent to one skilled in the
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art many other suitable scripting languages and sets of script
commands may be used to implement the invention.

Script generator 50 preferably stores a script program
template which it uses to create each script program. To
generate a script program, script generator 50 inserts into the
template the script information entered in screen 56. For
example, FIGS. 6 A—6B illustrate a sample script program
created by script generator 50 from the script information
shown in FIG. §.

The script program includes display commands to display
the queries and response choices entered in fields 94 and 96,
respectively. The script program also includes input com-
mands to receive responses to the queries. The script pro-
gram further includes a collect command to collect device
measurements from the monitoring device specified in check
boxes 98. The script program also includes commands to
establish a subsequent communication link to the server at
the connection time specified in field 100. The steps
included in the script program are also shown in the flow
chart of FIGS. 12A-12B and will be discussed in the
operation selection below.

Referring again to FIG. 2, script assignor 52 is for
assigning script programs 40 to the patients. Script programs
40 are assigned in accordance with script assignment infor-
mation entered through workstation 20. The script assign-
ment information is entered through a script assignment
screen 57, which is preferably implemented as a web page
on server 18.

FIG. 7 illustrates a sample script assignment screen 57 as
it appears on workstation 20. Screen 57 includes check
boxes 106 for selecting a script program to be assigned and
check boxes 108 for selecting the patients to whom the script
program is to be assigned. Screen 57 also includes an
ASSIGN SCRIPT button 112 for entering the assignments.
When button 112 is pressed, the script assignor creates and
stores for each patient selected in check boxes 108 a
respective pointer to the script program selected in check
boxes 106. Each pointer is stored in the patient look-up table
of the database. Screen 57 further includes an ADD SCRIPT
button 110 for accessing the script entry screen and a
DELETE SCRIPT button 114 for deleting a script program.

Referring again to FIG. 2, report generator 54 is designed
to generate a patient report 58 from the responses and device
measurements received in server 18. Patient report 58 is
displayed on workstation 20. FIG. 10 shows a sample patient
report 58 produced by report generator 54 for a selected
patient. Patient report 58 includes a graph 116 of the device
measurements received from the patient, as well as a listing
of responses 42 received from the patient. Specific tech-
niques for writing a report generator program to display data
in this manner are well known in the art.

The operation of the preferred embodiment is illustrated
in FIGS. 1-12. FIG. 11A is a flow chart illustrating steps
included in the monitoring application executed by server
18. FIG. 11B is a continuation of the flow chart of FIG. 11A.
In step 202, server 18 determines if new script information
has been entered through script entry screen 56. If new script
information has not been entered, server 18 proceeds to step
206. If new script information has been entered, server 18
proceeds to step 204.

As shown in FIG. §, the script information includes a set
of queries, and for each of the queries, corresponding
responses choices. The script information also includes a
selected monitoring device type from which to collect
device measurements. The script information further
includes a prescribed connection time for each apparatus to
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establish a subsequent communication link to the server. The
script information is generally entered in server 18 by a
healthcare provider, such as the patients’ physician or case
manager. Of course, any person desiring to communicate
with the patients may also be granted access to server 18 to
create and assign script programs. Further, it is to be
understood that the system may include any number of
remote interfaces for entering script generation and script
assignment information in server 18.

In step 204, script generator 50 generates a script program
from the information entered in screen 56. The script pro-
gram is stored in database 38. Steps 202 and 204 are
preferably repeated to generate multiple script programs,
e.g. a script program for diabetes patients, a script program
for asthma patients, etc. Each script program corresponds to
a respective one of the sets of queries entered through script
entry screen 56. Following step 204, server 18 proceeds to
step 206.

In step 206, server 18 determines if new script assignment
information has been entered through assignment screen 57.
If new script assignment information has not been entered,
server 18 proceeds to step 210. If new script assignment
information has been entered, server 18 proceeds to step
208. As shown in FIG. 7, the script programs are assigned
to each patient by selecting a script program through check
boxes 106, selecting the patients to whom the selected script
program is to be assigned through check boxes 108, and
pressing the ASSIGN SCRIPT button 112. When button 112
is pressed, script assignor 52 creates for each patient selected
in check boxes 108 a respective pointer to the script program
selected in check boxes 106. In step 208, each pointer is
stored in look-up table 46 of database 38. Following step
208, server 18 proceeds to step 210.

In step 210, server 18 determines if any of the apparatuses
are remotely connected to the server. Each patient to be
monitored is preferably provided with his or her own
apparatus which has the patient’s unique identification code
stored therein. Each patient is thus uniquely associated with
a respective one of the apparatuses. If none of the appara-
tuses is connected, server 18 proceeds to step 220.

If an apparatus is connected, server 18 receives from the
apparatus the patient’s unique identification code in step
212. In step 214, server 18 receives from the apparatus the
query responses 42, device measurements 44, and script
identification code recorded during execution of a previ-
ously assigned script program. The script identification code
identifies to the server which script program was executed
by the apparatus to record the query responses and device
measurements. The responses, device measurements, and
script identification code are stored in database 38.

In step 216, server 18 uses the patient identification code
to retrieve from table 46 the pointer to the script program
assigned to the patient. The server then retrieves the
assigned script program from database 38. In step 218,
server 18 transmits the assigned script program to the
patient’s apparatus through communication network 24.
Following step 218, server 18 proceeds to step 220.

In step 220, server 18 determines if a patient report
request has been received from workstation 20. If no report
request has been received, server 18 returns to step 202. If
a report request has been received for a selected patient,
server 18 retrieves from database 38 the measurements and
query responses last received from the patient, step 222. In
step 224, server 18 generates and displays patient report 58
on workstation 20. As shown in FIG. 10, report 58 includes
the device measurements and query responses last received
from the patient. Following step 224, the server returns to
step 202.
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FIGS. 12A-12B illustrate the steps included in the script
program executed by apparatus 26. Before the script pro-
gram is received, apparatus 26 is initially programmed with
the patient’s unique identification code and the script inter-
preter used by microprocessor 76 to execute the script
program. The initial programming may be achieved during
manufacture or during an initial connection to server 18.
Following initial programming, apparatus 26 receives from
server 18 the script program assigned to the patient associ-
ated with apparatus 26. The script program is received by
modem 86 through a first communication link and stored in
memory 80.

In step 302, microprocessor 76 assigns a script identifi-
cation code to the script program and stores the script
identification code in memory 80. The script identification
code is subsequently transmitted to the server along with the
query responses and device measurements to identify to the
server which script program was most recently executed by
the apparatus. In step 304, microprocessor 76 lights LED 74
to notify the patient that he or she has unanswered queries
stored in apparatus 26. LED 74 preferably remains lit until
the queries are answered by the patient.

In step 306, microprocessor 76 erases from memory 80
the last set of query responses recorded.

In step 308, microprocessor 76 prompts the patient by
displaying on display 64 “ANSWER QUERIES NOW?
PRESS ANY BUTTON TO START”. In step 310, micro-
processor 76 waits until a reply to the prompt is received
from the patient. When a reply is received, microprocessor
76 proceeds to step 312. In step 312, microprocessor 76
executes successive display and input commands to display
the queries and response choices on display 64 and to
receive responses to the queries.

FIG. 8 illustrate a sample query and its corresponding
response choices as they appear on display 64. The response
choices are positioned on display 64 such that each response
choice is located proximate a respective one of the input
buttons. In the preferred embodiment, each response choice
is displayed immediately above a respective input button.
The patient presses the button corresponding to his or her
response. Microprocessor 76 stores each response in
memory 80.

In steps 314-318, microprocessor 76 executes commands
to collect device measurements from a selected monitoring
device. The script program specifies the selected monitoring
device from which to collect the measurements. In step 314,
microprocessor 76 prompts the patient to connect the
selected monitoring device, for example a blood glucose
meter, to one of the device jacks. A sample prompt is shown
in FIG. 9. In step 316, microprocessor 76 waits until a reply
to the prompt is received from the patient. When a reply is
received, microprocessor 76 proceeds to step 318. Micro-
processor 76 also connects UART 78 to interface 90 through
switch 88. In step 318, microprocessor 76 collects the device
measurements from monitoring device 28 through interface
90. The measurements are stored in memory 80.

In step 320, microprocessor 76 prompts the patient to
connect apparatus 26 to the telephone jack 22 so that
apparatus 26 may connect to server 18 at the prescribed
connection time. In step 322, microprocessor 76 waits until
a reply to the prompt is received from the patient. When a
reply is received, microprocessor 76 turns off LED 74 in step
324. In step 326, microprocessor 76 waits until it is time to
connect to server 18. Microprocessor 76 compares the
connection time specified in the script program to the current
time output by clock 84. When it is time to connect,
microprocessor 76 connects UART 78 to modem 86 through
switch 88.
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In step 328, microprocessor 76 establishes a subsequent
communication link between apparatus 26 and server 18
through modem 86 and communication network 24. If the
connection fails for any reason, microprocessor 76 repeats
step 328 to get a successful connection. In step 330, micro-
processor 76 transmits the device measurements, query
responses, script identification code, and patient identifica-
tion code stored in memory 80 to server 18 through the
subsequent communication link. In step 332, microproces-
sor 76 receives through modem 86 a new script program
from server 18. The new script program is stored in memory
80 for subsequent execution by microprocessor 76. Follow-
ing step 332, the script program ends.

One advantage of the monitoring system of the present
invention is that it allows each patient to select a convenient
time to respond to the queries, so that the monitoring system
is not intrusive to the patient’s schedule. A second advantage
of the monitoring system is that it incurs very low commu-
nications charges because each remote apparatus connects to
the server at times when communication rates are lowest.
Moreover, the cost to manufacture each remote apparatus is
very low compared to personal computers or internet
terminals, so that the monitoring system is highly affordable.

A third advantage of the monitoring system is that it
allows each apparatus to be programmed remotely through
script programs. Patient surveys, connection times, display
prompts, selected monitoring devices, patient
customization, and other operational details of each appa-
ratus may be easily changed by transmitting a new script
program to the apparatus. Moreover, each script program
may be easily created and assigned by remotely accessing
the server through the Internet. Thus, the invention provides
a powerful, convenient, and inexpensive system for
remotely monitoring a large number of patients.

FIGS. 13-15 illustrate a second embodiment of the inven-
tion in which each remotely programmable apparatus has
speech recognition and speech synthesis functionality. FIG.
13 shows a perspective view of an apparatus 27 according to
the second embodiment. Apparatus 27 includes a speaker 72
for audibly communicating queries and prompts to the
patient. Apparatus 27 also includes a microphone 118 for
receiving spoken responses to the queries and prompts.
Apparatus 27 may optionally include a display 64 for
displaying prompts to the patient, as shown in FIG. 14.

FIG. 15 is a schematic block diagram illustrating the
components of apparatus 27 in greater detail. Apparatus 27
is similar in design to the apparatus of the preferred embodi-
ment except that apparatus 27 includes an audio processor
chip 120 in place of microprocessor 76. Audio processor
chip 120 is preferably an RSC-164 chip commercially
available from Sensory Circuits Inc. of 1735 N. First Street,
San Jose, Calif. 95112.

Audio processor chip 120 has a microcontroller 122 for
executing script programs received from the server. A
memory 80 is connected to microcontroller 122. Memory 80
stores the script programs and a script interpreter used by
microcontroller 122 to execute the script programs. Memory
80 also stores measurements received from monitoring
device 28, responses to the queries, script identification
codes, and the patient’s unique identification code.

Audio processor chip 120 also has built in speech syn-
thesis functionality for synthesizing queries and prompts to
a patient through speaker 72. For speech synthesis, chip 120
includes a digital to analog converter (DAC) 142 and an
amplifier 144. DAC 142 and amplifier 144 drive speaker 72
under the control of microcontroller 122.
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Audio processor chip 120 further has built in speech
recognition functionality for recognizing responses spoken
into microphone 118. Audio signals received through micro-
phone 118 are converted to electrical signals and sent to a
preamp and gain control circuit 128. Preamp and gain
control circuit 128 is controlled by an automatic gain control
circuit 136, which is in turn controlled by microcontroller
122. After being amplified by preamp 128, the electrical
signals enter chip 120 and pass through a multiplexer 130
and an analog to digital converter (ADC) 132. The resulting
digital signals pass through a digital logic circuit 134 and
enter microcontroller 122 for speech recognition.

Audio processor chip 120 also includes a RAM 138 for
short term memory storage and a ROM 140 which stores
programs executed by microcontroller 122 to perform
speech recognition and speech synthesis. Chip 120 operates
at a clock speed determined by a crystal 126. Chip 120 also
includes a clock 84 which provides the current date and time
to microcontroller 122. As in the preferred embodiment,
apparatus 27 includes an LED 74, display driver 82, modem
86, and device interface 90, all of which are connected to
microcontroller 122.

The operation of the second embodiment is similar to the
operation of the preferred embodiment except that queries,
response choices, and prompts are audibly communicated to
the patient through speaker 72 rather than being displayed to
the patient on display 64. The operation of the second
embodiments also differs from the operation of the preferred
embodiment in that responses to the queries and prompts are
received through microphone 118 rather than through user
input buttons.

The script programs of the second embodiment are similar
to the script program shown in FIGS. 6A—6B, except that
each display command is replaced by a speech synthesis
command and each input command is replaced by a speech
recognition command. The speech synthesis commands are
executed by microcontroller 122 to synthesize the queries,
response choices, and prompts through speaker 72. The
speech recognition commands are executed by microcon-
troller 122 to recognize responses spoken into microphone
118.

For example, to ask the patient how he or she feels and
record a response, microcontroller 122 first executes a
speech synthesis command to synthesize through speaker 72
“How do you feel? Please answer with one of the following
responses: very bad, bad, good, or very good.” Next, micro-
controller 118 executes a speech recognition command to
recognize the response spoken into microphone 118. The
recognized response is stored in memory 80 and subse-
quently transmitted to the server. Other than the differences
described, the operation and advantages of the second
embodiment are the same as the operation and advantages of
the preferred embodiment described above.

Although the first and second embodiments focus on
querying individuals and collecting responses to the queries,
the system of the invention is not limited to querying
applications. The system may also be used simply to com-
municate messages to the individuals. FIGS. 16-19 illustrate
a third embodiment in which the system is used to perform
this automated messaging function. In the third embodiment,
each script program contains a set of statements to be
communicated to an individual rather than a set of queries to
be answered by the individual. Of course, it will be apparent
to one skilled in the art that the script programs may
optionally include both queries and statements.

The third embodiment also shows how the queries and
statements may be customized to each individual by merg-



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel04 of 177

US 6,368,273 B1

13

ing personal data with the script programs, much like a
standard mail merge application. Referring to FIG. 16,
personal data relating to each individual is preferably stored
in look-up table 46 of database 38. By way of example, the
data may include each individual’s name, the name of each
individual’s physician, test results, appointment dates, of
any other desired data. As in the preferred embodiment,
database 38 also stores generic script programs 40 created
by script generator 50.

Server 18 includes a data merge program 55 for merging
the data stored in table 46 with generic script programs 40.
Data merge program 55 is designed to retrieve selected data
from table 46 and to insert the data into statements in generic
script programs 40, thus creating custom script programs 41.
Each custom script program 41 contains statements which
are customized to an individual. For example, the statements
may be customized with the individual’s name, test results,
etc. Examples of such customized statements are shown in
FIGS. 17-18.

The operation of the third embodiment is similar to the
operation of the preferred embodiment except that the script
programs are used to communicate messages to the indi-
viduals rather than to query the individuals. Each message is
preferably a set of statements. Referring to FIG. 19, the
statements may be entered in the server through script entry
screen 56, just like the queries of the preferred embodiment.

Each statement preferably includes one or more insert
commands specifying data from table 46 to be inserted into
the statement. The insert commands instruct data merge
program 55 to retrieve the specified data from database 38
and to insert the data into the statement. For example, the
insert commands shown in FIG. 19 instruct the data merge
program to insert a physician name, an appointment date, a
patient name, and a test result into the statements. As in the
preferred embodiment, each statement may also include one
or more response choices which are entered in fields 96.

Following entry of the statements and response choices,
CREATE SCRIPT button 102 is pressed. When button 102
is pressed, script generator 50 generates a generic script
program from the information entered in screen 56. The
generic script program is similar to the script program
shown in FIGS. 6A—6B, except that the display commands
specify statements to be displayed rather than queries.
Further, the statements include insert commands specifying
data to be inserted into the script program. As in the
preferred embodiment, multiple script programs are prefer-
ably generated, e.g. a generic script program for diabetes
patients, a generic script program for asthma patients, etc.
The generic script programs are stored in database 38.

Following generation of the generic script programs,
server 18 receives script assignment information entered
through script assignment screen 57. As shown in FIG. 7, the
script programs are assigned by first selecting one of the
generic script programs through check boxes 106, selecting
individuals through check boxes 108, and pressing the
ASSIGN SCRIPT button 112. When button 112 is pressed,
data merge program 55 creates a custom script program for
each individual selected in check boxes 108.

Each custom script program is preferably created by using
the selected generic script program as a template. For each
individual selected, data merge program 55 retrieves from
database 38 the data specified in the insert commands. Next,
data merge program 55 inserts the data into the appropriate
statements in the generic script program to create a custom
script program for the individual. Each custom script pro-
gram is stored in database 38.
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As each customs script program is generated for an
individual, script assignor 52 assigns the script program to
the individual. This is preferably accomplished by creating
a pointer to the custom script program and storing the
pointer with the individual’s unique identification code in
table 46. When the individual’s remote apparatus connects
to server 18, server 18 receives from the apparatus the
individual’s unique identification code. Server 18 uses the
unique identification code to retrieve from table 46 the
pointer to the custom script program assigned to the indi-
vidual. Next, server 18 retrieves the assigned script program
from database 38 and transmits the script program to the
individual’s apparatus through communication network 24.

The apparatus receives and executes the script program.
The execution of the script program is similar to the execu-
tion described in the preferred embodiment, except that
statements are displayed to the individual rather than que-
ries. FIGS. 17-18 illustrate two sample statements as they
appear on display 64. Each statement includes a response
choice, preferably an acknowledgment such as “OK”. After
reading a statement, the individual presses the button cor-
responding to the response choice to proceed to the next
statement. Alternatively, the script program may specify a
period of time that each statement is to be displayed before
proceeding to the next statement. The remaining operation
of the third embodiment is analogous to the operation of the
preferred embodiment described above.

Although it is presently preferred to generate a custom
script program for each individual as soon as script assign-
ment information is received for the individual, it is also
possible to wait until the individual’s apparatus connects to
the server before generating the custom script program. This
is accomplished by creating and storing a pointer to the
generic script program assigned to the individual, as previ-
ously described in the preferred embodiment. When the
individual’s apparatus connects to the server, data merge
program 55 creates a custom script program for the indi-
vidual from the generic script program assigned to the
individual. The custom script program is then sent to the
individual’s apparatus for execution.

SUMMARY, RAMIFICATIONS, AND SCOPE

Although the above description contains many
specificities, these should not be construed as limitations on
the scope of the invention but merely as illustrations of some
of the presently preferred embodiments. Many other
embodiments of the invention are possible. For example, the
scripting language and script commands shown are repre-
sentative of the preferred embodiment. It will be apparent to
one skilled in the art many other scripting languages and
specific script commands may be used to implement the
invention.

Moreover, the invention is not limited to the specific
applications described. The system and method of the inven-
tion have many other application both inside and outside the
healthcare industry. For example, pharmaceutical manufac-
turers may apply the system in the clinical development and
post marketing surveillance of new drugs, using the system
as an interactive, on-line monitoring tool for collecting data
on the efficacy, side effects, and quality of life impact of the
drugs. Compared to the current use of labor intensive patient
interviews, the system provides a fast, flexible, and cost
effective alternative for monitoring the use and effects of the
drugs.

The system may also be used by home healthcare com-
panies to enhance the service levels provided to customers,
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e.g. panic systems, sleep surveillance, specific monitoring of
disease conditions, etc. Alternatively, the system may be
used to monitor and optimize the inventory of home sta-
tioned health supplies. As an example, the system may be
connected to an appropriate measuring device to optimize
timing of oxygen tank delivery to patients with COPD.

The system and method of the invention also have many
applications outside the healthcare industry. For example,
the system may be used for remote education over the

Internet, facilitating educational communication with
children or adult trainees who lack access to sophisticated
and expensive computer equipment. The system may also be
used by law enforcement officers to perform on-line surveil-
lance of individuals on probation or parole.

Further, the invention has numerous applications for
gathering data from remotely located devices. For example,
the system may be used to collect data from smart
appliances, such as identification check systems.
Alternatively, the system may be applied to the remote
monitoring of facilities, including safety and security
monitoring, or to environmental monitoring, including pol-
lution control and pipeline monitoring. Many other suitable
applications of the invention will be apparent to one skilled
in the art.

Therefore, the scope of the invention should be deter-
mined not by the examples given, but by the appended
claims and their legal equivalents.

What is claimed is:

1. A system of communicating information to an
individual, comprising:

a) remote computer workstation configured for specifying

information to be communicated to the individual;

b) a server connected to said remote computer worksta-
tion via a first communication network, said server
including a script program generator for generating a
script program according to the specified information;

¢) a remotely programmable apparatus networked to said
server via a second communication network, said
remotely programmable apparatus including:

i) communication devices for receiving said script
program from said server;
ii) user interface; and
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iif) processor device for executing said script program,
wherein said executing script program conveys the
information to the individual using the user interface
and receives input from the individual in response to
the conveyed information through the user interface,
said processor device being connected to said com-
munication device and to said user interface; and

d) at least one monitoring device in communication with
said remotely programmable apparatus, said at least
one monitoring device for providing at least one mea-
surement of a physiological parameter of the indi-
vidual.

2. The system of claim 1, wherein said communications

device comprises a modem.

3. The system of claim 1, wherein said measurement is
transmitted to said remote computer workstation via said
Server.

4. The system of claim 1, wherein said at least one
monitoring device is connected to said remotely program-
mable apparatus via a cable.

5. The system of claim 1, wherein said at least one
monitoring device is selected from the group consisting of a
blood glucose meter, a respiratory flow meter, a blood
pressure cuff, an electronic weight scale, and a pulse moni-
tor.

6. The system of claim 1, wherein the information to be
communicated is a message.

7. The system of claim 1, wherein the information to be
communicated is a set of queries to be answered by the
individual.

8. The system of claim 1, wherein said remotely program-
mable apparatus comprises at least one monitoring device
jack for operably linking at least one monitoring device to
said remotely programmable apparatus.

9. The system of claim 1, wherein said remotely program-
mable apparatus is located at the residence of an individual
to be monitored, and said remote computer workstation is
located at a location remote from the residence of the
individual to be monitored.

10. The system of claim 1, where the first and second
communication networks are the same network.
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EX PARTE
REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT 1S HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

AS A RESULT OF REEXAMINATION, 1T HAS BEEN
DETERMINED THAT:

Claims 1 and 2 are determined to be patentable as
amended.

Claims 3-10, dependent on an amended claim, are deter-
mined to be patentable.

1. A system of communicating information to an indi-

vidual, comprising:

a) a remote computer workstation configured for specify-
ing information to be communicated to the individual
in a format readable by a health care provider, wherein
said specified information is entered by said health care
provider using an interface;,

b) a server connected to said remote computer worksta-
tion via a first communication network, said server

20

25

2

including a script program generator for generating a
script program in a computer readable format accord-
ing to the specified information;

¢) a remotely programmable apparatus networked to said
server via a second communication network, said
remotely programmable apparatus including:
1) a communication [devices] interface for receiving
said script program from said server;
i) @ memory for storing said script program;
iii) a user interface; and
[iii]iv) a processor device for executing said script pro-
gram from said memory, wherein said executing
script program conveys [the information to] ouiput
data readable by the individual using the user inter-
face and receives and stores input from the indi-
vidual in response to the output data conveyed
[information] through the user interface, said proces-
sor device being connected to said communication
[device] interface and to said user interface; and
d) at least one monitoring device in communication with
said remotely programmable apparatus, said at least
one monitoring device for providing at least one mea-
surement of a physiological parameter of the indi-
vidual.
2. The system of claim 1, wherein said [communications
device] communication interface comprises a modem.

#* #* #* #* #*



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagelll of 177

EXRHIBIT D



casesamenonasE=e Boom TRV T A

US006968375B1
a» United States Patent (10) Patent No.:  US 6,968,375 B1
Brown @#5) Date of Patent: *Nov. 22, 2005
(54) NETWORKED SYSTEM FOR INTERACTIVE 3,910,257 A 10/1975 Fletcher et al.
COMMUNICATION AND REMOTE 3,920,005 A 11/1975 Gombrich et al.
MONITORING OF INDIVIDUALS 3,996,928 A 12/1976 Marx
4,004,577 A 1/1977 Sarnoff
. . 4,130,881 A 12/1978 Haessler et al.
(75) Inventor: Stephen J. Brown, Woodside, CA (US) 4150284 A 41979 Trenkler et al.
(73) Assignee: Health Hero Network, Inc., Mountain j’g}’ggz 2 gﬁgzg IIYIC]?Hde etal.
View, CA (US) S ester
(Continued)
(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 FOREIGN PATENT DOCUMENTS
U.S.C. 154(b) by 860 days. EP 0251520 7/1988
EP 0286456 10/1988
This patent is subject to a terminal dis- (Continued)
claimer.
OTHER PUBLICATIONS
(21) Appl. No.: 09/658,209 “+5V Powered Isolated RS-232 Drivers/Receivers” Maxim
(22) Filed: Sep. 8, 2000 Integrated Products.
(Continued)
Related U.S. Application Data . . . .
Primary Examiner—Ario Etienne
(63) Continuation-in-part of application No. 09/300,856, filed on Assistant Examiner —Abdu}lahl E. Salad ) )
Apr. 28, 1999, now Pat. No. 6,368,273, which is a division (74) Artorney, Agent, or Firm—Morgan, Lewis & Bockius
of application No. 08/946,341, filed on Oct. 7, 1997, now LLP; Craig P. Opperman
Pat. No. 5,997,476, which is a continuation-in-part of appli-
cation No. 08/847,009, filed on Apr. 30, 1997, now Pat. No. 57 ABSTRACT
5,897,493.
(60)  Provisional application No. 60/041,746, filed on Mar. 28, Asystem for remotely monitoring an individual. The system
1997, and provisional application No. 60/041,751, filed on jncludes a server system for generating a script program
Mar. 28, 1997. from a set of queries. The script program is executable by a
(51) Int. CL7 oo GO6F 15/173 remote apparatus that displays information and/or a set of
(32) US.CL .ocivrrann, 709/224; 709/217; 709/203;  queries to the individual through a user interface. Responses
705/3; 600/301 to the queries that are entered through the user interface
(58) Field of Search ...........c.cccocooveeiiene. 709/224, 203, together with individual identification information are sent
709/217; 705/3, 2; 600/301, 300; 379/106.2 from the remote apparatus to the server system across a
communication network. The server system also includes an
(56) References Cited automated answering service for providing a series of ques-

U.S. PATENT DOCUMENTS

3,426,150 A
3,566,365 A
3,566,370 A
3,768,014 A

2/1969 Tygart
2/1971 Rawson et al.
2/1971 Worthington, Jr. et al.
10/1973 Smith et al. ............ 324/158 R

2

NO
206

2

SCRIPT PROGRAM

0
NEW
SCRIPT ENTRY? .YES

STORE SCRIPT
ASSIGNMENTS

NEW
ASSIGNMENTS? -
NO
10

tions from a stored set of questions for an individual at the
remote apparatus to respond to, storing responses to each
provided question in the series of questions and providing a
service based on the individual’s response to the questions.

67 Claims, 19 Drawing Sheets

‘GENERATE
AND STORE

AND STORE
RESPONSES AND
MEASUREMENTS




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12

US 6,968,375 Bl

Pagell3 of 177

Page 2
U.S. PATENT DOCUMENTS 5,111,817 A 5/1992 Clark et al.

5,111,818 A 5/1992 Suzuki et al. ............... 128/644
4173971 A 1171979 Karz 5120230 A 6/1992 Clark et al.
4,216,462 A 8/1980 McGrath et al. 5120421 A 6/1992 Glass et al. oo 204/406
4,227,526 A 10/1980 Goss 5128752 A 7/1992 Von Koh

,128, on Kohorn
4,253,521 A 3/1981 Savage
4,259,548 A 3/1981 Fahey et al. 3,134,391 A 771992 Okada
4270547 A 6/1981 Steffen et al. 3,142,358 A 8/1992 Jason
4296756 A 10/1981 Dunning et al. 5,142,484 A 8/1992 Kaufman et al.
4,347,568 A 8/1982 Giguere et al. 5,176,502 A 1/1993 Sanderson et al.
4347851 A 9/1982 Jundanian 5,182,707 A 1/1993 Cooper et al.
4,360,345 A 11/1982 Hon 5,204,670 A 4/1993 Stinton
4,417,306 A 11/1983 Citron et al. 5,222,020 A 6/1993 Takeda
4,422 081 A 12/1983 Woods et al. 5,227,874 A 7/1993 Von Kohorn
4,449,536 A 5/1984 Weaver 5,228,450 A 7/1993 Sellers
4,465,077 A 8/1984 Schneider 5,231,990 A 8/1993 Gauglitz
4473884 A 9/1984 Behl 5,249,044 A 9/1993 Von Kohorn
4,519,398 A 5/1985 Lisiecki et al. 5,251,126 A 10/1993 Kahn et al. ............ 364/413.11
4,531,527 A 7/1985 Reinhold, Ir. et al. 5,261,401 A 11/1993 Baker et al. ...c.ccouvneenee 607/9
4,546,436 A 10/1985 Schneider et al. 5,262,943 A 11/1993 Thibado et al.
4,566,461 A 1/1986 Lubell et al. 5,265,888 A 11/1993 Yamamoto et al. ......... 273/434
4,576,578 A 3/1986 Parker et al. 5,266,179 A 11/1993 Nankai et al. .............. 204/401
4,592,546 A 6/1986 Fascenda et al. 5,275,159 A 1/1994 Griebel ... 128/633
4,627,445 A 12/1986 Garcia et al. ............... 128/770 5,282,950 A 2/1994 Dietze et al. ............... 204/406
4,674,652 A 6/1987 Aten et al. 5,299,121 A 3/1994 Brill et al.
4,686,624 A 8/1987 Blum et al. ................. 364/415 5,301,105 A 4/1994 Cummings, Jr. ......ccoone 705/2
4,694,490 A 9/1987 Harvey et al. 5,304,468 A 4/1994 Phillips et al. ................ 435/14
4,695,954 A 9/1987 Rose et al. 5,307,263 A 4/1994 Brown ................ 364/413.09
4,712,562 A 12/1987 Ohayon et al. 5,309,919 A 5/1994 Snell et al. ........c........ 128/697
4,722,349 A 2/1988 Baumberg 5,329,459 A 7/1994 Kaufman et al.
4,729,381 A 3/1988 Harada et al. 5,329,608 A 7/1994 Bocchiere et al.
4,731,726 A 3/1988 Allen, III ................... 364/416 5,331,549 A 7/1994 Crawford, Jr. .............. 600/513
4,768,229 A 8/1988 Benjamin et al. 5,339,821 A 8/1994 Fujimoto
4,779,199 A 10/1988 Yoneda et al. 5,341,291 A 8/1994 Roizen et al.
4,782,511 A 11/1988 Nemec et al. 5,343,239 A 8/1994 Lappington et al.
4,796,639 A 1/1989 Snow et al. 5,344,324 A 9/1994 O’Donnell et al.
4,799,199 A 1/1989 Scales, III et al. 5,357,427 A 10/1994 Langen et al.
4,803,625 A * 2/1989 Fuetal. .....cocovveeeeeeeen. 600/483 5,366,896 A 11/1994 Margrey et al.
4,835,372 A 5/1989 Gombrich et al. .......... 235/375 5,371,687 A 12/1994 Holmes, I et al. ......... 364/514
4,838,275 A * 6/1989 Lee ...ccovovrnrnrineeneennn. 600/483 5,375,604 A 12/1994 Kelly et al.
4,858,354 A 8/1989 Gettler 5,377,100 A 12/1994 Pope et al.
4,858,617 A 8/1989 Sanders 128/696 5,390,238 A 2/1995 Kirk et al. ............. 379/106.02
4,890,621 A 1/1990 Hakky 125/635 5,399,821 A 3/1995 Inagaki et al.
4,897,869 A 1/1990 Takahashi 5,410,471 A 4/1995 Alyfuku et al. ............. 600/300
4907973 A 3/1990 Hon 5,410,474 A 4/1995 FOX ceeeevevvvnnninnenene 364/413.07
4,933,873 A 6/1990 Kaufman et al. 5,429,140 A 7/1995 Burdea et al.
4,950,246 A 8/1990 Muller 5,431,691 A 7/1995 Snell et al. ccccceeeveeeneneee 607/27
4,953,552 A 9/1990 DeMarzo ........ceeevvennee 128/635 5,434,611 A 7/1995 Tamura
4,958,632 A 9/1990 Duggan 128/419 PG 5,438,607 A 8/1995 Przygoda, Jr. et al.
4,958,641 A 9/1990 Digby et al. 5,441,047 A 8/1995 David et al.
4,967,756 A 11/1990 Hewitt 5,454,721 A 10/1995 Kuch
4,977,899 A 12/1990 Digby et al. 5,454,722 A 10/1995 Holland et al.
4,979,509 A 12/1990 Hakky .......ccoovvvennnnenn. 128/635 5,456,606 A 10/1995 Mclntyre
5,007,429 A 4/1991 Treatch et al. 5,456,692 A 10/1995 Smith, Jr. et al. ............. 607/31
5,016,172 A 5/1991 Dessertine 5,458,123 A 10/1995 Unger
5,019,974 A 5/1991 Beckers 5,467,269 A 11/1995 Flaten
5,024,225 A 6/1991 Fang 5,471,039 A 11/1995 TIrwin, Jr. et al.
5,025,374 A 6/1991 Roizen et al. 5,483,276 A 1/1996 Brooks et al.
5,034,807 A 7/1991 Von Kohorn 5,488,412 A 1/1996 Majeti et al.
5,036,462 A 7/1991 Kaufman et al. ...... 364/413.01 5,488,423 A 1/1996 Walkingshaw et al.
5,049,487 A 9/1991 Phillips et al. . 435/4 5,501,231 A 3/1996 Kaish
5,050,612 A 9/1991 Matsumura ..............e.. 128/670 5,502,636 A 3/1996 Clarke
5,056,059 A 10/1991 Tivig et al. 5,502,726 A 3/1996 Fischer
5,059,394 A 10/1991 Phillips et al. ............. 422/68.1 5,504,519 A 4/1996 Remillard
5,065,315 A 11/1991 Garcia 5,517,405 A 5/1996 McAndrew et al.
5,068,536 A 11/1991 Rosenthal 5,518,001 A 5/1996 Snell
5,074,317 A 12/1991 Bondell et al. 5,519,433 A 5/1996 Lappington et al.
5,077,476 A 12/1991 Rosenthal 5,544,649 A 8/1996 David et al.
5,095,798 A 3/1992 Okada et al. 5,546,943 A 8/1996 Gould
5,109,414 A 4/1992 Harvey et al. 5,549,117 A 8/1996 Tacklind et al.
5,109,974 A 5/1992 Beer et al. 5,550,575 A 8/1996 West et al.
5,111,396 A 5/1992 Mills et al. 5,553,609 A 9/1996 Chen



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12

US 6,968,375 Bl

Pagell4 of 177

Page 3
5,558,638 A 9/1996 Evers et al. 5,933,136 A 8/1999 Brown
5,564,429 A 10/1996 Bornn et al. 5,941,829 A 8/1999 Saltzstein et al.
5569212 A 10/1996 Brown 5,961,446 A 10/1999 Beller et al.
5,572,421 A 11/1996 Altman et al. 5,983,217 A 11/1999 Khosravi-Sichani et al.
5574828 A 11/1996 Hayward et al. 5987471 A 11/1999 Bodine et al.
5576952 A 11/1996 Stutman et al. 5,995,969 A 11/1999 Lee et al.
5590648 A 1/1997 Mitchell et al. 3,997476 A 12/1999 Brown
5,596,994 A * 1/1997 BIO wooorrvecissrrriirninnns 600/545 2’88;’2?2 i 1%(9)(9)(9) Eief?’“"
g’ggﬁgz i ;ﬁgg; gi‘;ford ctal. 6,022,615 A 2/2000 Rettenbacher
5’613’495 A 3/1997 Mills et al 6,029,138 A 2/2000 Khorasani et al.
e : 6,035,328 A * 3/2000 Soukal .......ccccerrrnennnn. 709/217
5619991 A 4/1997 Sloane 6,046,761 A 4/2000 Echerer
5,624,265 A 4/1997 Redford et al. 6,049.794 A 4/2000 Jacobs et al.
5628309 A 5/1997 Brown 6,050,940 A 4/2000 Braun et al.
5,629,981 A 5/1997 Nerlikar .......cooeeevnnnnnn. 380/25 6,055,314 A 4/2000 Spies et al.
5,631,844 A 5/1997 Magrey et al. 6,055,487 A 4/2000 Margery et al.
5633910 A 5/1997 Cohen 6055506 A 4/2000 Frasca, Jr.
5640953 A~ 6/1997 Bishop et al. 6,057,758 A 52000 Dempsey et al.
5,642,731 A 7/1997 Kehr 6,110,148 A 8/2000 Brown et al.
5642936 A 7/1997 Evans 6,138,145 A 10/2000 Kawanaka
5,666,487 A 9/1997 Goodman et al. 6,151,586 A 11/2000 Brown
5,670,711 A 9/1997 Detournay et al. 6,168,563 Bl 1/2001 Brown
5,675,635 A 1071997 Vos et al. 6,177,940 B 1/2001 Bond et al.
5,678,562 A 10/1997 Sellers 6,189,029 Bl 2/2001 Fuerst
5678571 A 10/1997 Brown 6,221,012 Bl 4/2001 Maschke et al. ............ 600/301
5,687,322 A 11/1997 Deaton et al. 6,248,065 Bl 6/2001 Brown
5,687,717 A~ 11/1997 Halpern et al. 6,368,273 Bl * 4/2002 BIown .......cccoccocoueunn 600/300
5,687,734 A 11/1997 Dempsey et al.
5,704,364 A 1/1998 Saltzs.tein et al. FOREIGN PATENT DOCUMENTS
5,704,366 A 1/1998 Tacklind et al.
5,704,902 A 1/1998 Vandenbelt et al. EP 0320749 2/1989
5,711,297 A 1/1998 Tliff EP 370599 5/1990
5,715,451 A 2/1998 Marlin EP 0461910 12/1991
5,715,823 A 2/1998 Wood et al. EP 508912 10/1992
5,717,913 A 2/1998 Driscoll EP 526166 2/1993
5,720,733 A 2/1998 Brown EP 0653 718 A2 11/1994 ........... GO6F/19/00
5,722,418 A 3/1998 Bro EP 676709 10/1995
5,727,153 A 3/1998 Powell EP 680727 11/1995
5,730,124 A 3/1998 Yamauchi ................... 128/630 EP 761160 3/1997
5,732,696 A 3/1998 Rapoport et al. GB 2218831 11/1989
5,732,709 A 3/1998 Tacklind et al. GB 2225637 A 6/1990 ............ A61B/5/02
5,734,413 A 3/1998 Lappington et al. WO WO-8501667 4/1985
5,752,234 A 5/1998 Withers WO ‘WO 90/00367 1/1990  ............ A61B/5/05
5,760,771 A 6/1998 Blonder et al. WO WO0-9109374 6/1991
5,772,585 A 6/1998 Lavin et al. WO WO 93/01489 1/1993  .......... GO1N/25/48
5,778,882 A 7/1998 Raymond et al. WO WO0-9302622 2/1993
5,782,814 A 7/1998 Brown et al. WO WO0-9416774 8/1994
5,785,650 A 7/1998 Akasaka et al. WO WO-95/09386 4/1995
5,791,342 A 8/1998 Woodard WO WO0-95/20199 7/1995
5,792,117 A 8/1998 Brown WO W0-9529447 11/1995
5,793,969 A 8/1998 Kamentsky et al. WO WO 96/07908 Al 3/1996  .......... GO1N/33/52
5,796,393 A 8/1998 MacNaughton WO WO0-96/25877 8/1996
5,802,494 A 9/1998 Kuno WO WO-97/08605 3/1997
5,810,747 A 9/1998 Brudny et al. WO WO0-97/12544 4/1997
5,819,735 A 10/1998 Mansfield et al. WO WO0-98/16895 4/1998
5,822,544 A 10/1998 Chaco et al.
5,825283 A 10/1998 Camhi OTHER PUBLICATIONS
5,827,180 A 10/1998 Goodman
5,828,943 A 10/1998 Brown “CD-ROM Mavericks: Proprietary TV-Based Players”,
5,835,896 A 11/1998 Fi.sher et al. Byte Guide to CD-ROM, pp. 100-105.
;Sg?:igg 2 %ﬁggg Isljlfr ‘i];:lglgc))pean Search Report”, From 6858P005EP, (Mar. 27,
5,879,163 A 3/1999 Brown et al. :
5,893,077 A 4/1999 Griffin “Introducing the Next Generation of About Your Diabetes™,
5,893,098 A 4/1999 Peters et al. U.S. Pharmacopcial Convention and American Diabetes
278977422 A ;_V 1999 Brown Association, (1993).
522??:287 2 6;1333 SB;?(:V :t al. “The description of the Tandy Radio Shack TRS-80 Model
5913310 A 6/1999 Brown 100/102 device available at http://www.old—computers.com/
5,918,603 A 7/1999 Brown museum/computer.asp?c=233", World Wide Wed, (Feb. 13,
5920477 A 7/1999 Hoffberg et al. 2004),1-3.



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagell5 of 177

US 6,968,375 Bl
Page 4

Anonymous, “Health Hero netowrk, inc. Receivers
First-Ever FDA Clearance for Connecting Medical Devices
to Internet”, PR Newswire, (Dec. 2, 1999),3 pages.
Bower, “Brain Clues to Energy—efficient Learning”, Science
News, (Apr. 1992), v 141; p215(1); Dialog: File 647, Acct#
12123949.

Bruce, “Health Hero Network CEO, CNNfn”, Digital Jam,
(Dec. 1, 1999),3 pages

Bruce, et al., “The Effects of Sympathetic Nervous System
Activation and Psychological Stress . . . ”, Diabetologia,
(1992),.; ; 35(9); 835-843; Dialog: File 5, Acc# 9629427.
Cheng, Joe H., “PCT Search Report”, (Jan. 11, 1996).
Finston, “Parent+Teacher=Healty Child”, Diabetes Fore-
cast, (Apr. 1994), v47 n9; P26(5); Dialog: file 149, Acc#
15804228.

Fox, “Not My Type: Type B Behavior, Type 1 Diabetes Plus
Stress Equals Blood Sugar Blues”, Health, (Mar. 1988),v20
n3; pp22(1); Dialog: File 149, Acc# 06397959.

Frieberger, Paul, “Video Game Takes on Diabetes Superhero
“Captain Novolin” Offers Treatment Tips”, San Francisco
Examiner, (Jun. 26, 1992),Fourth Edition, Business Section
B1.

Giuffrida, Antonio, et al., “Should We Pay the Patient?
Review of Financial Incentives to enhance Patient compli-
ance”, Biomedical Journal, (1997),vol. 315, pp. 703-707.
Hauben, Jay R., “A Brief History of the Cleveland
Free—Net”, available at http://www.ais.org/~irh/
acn7-1.a09.html, (1995),pp. 1-4.

Hunter, “Technological Advances in Bedside Monitoring:
Biosensors”, Archives and Laboratory Medicine, (Jul.
1987),pp. 633-636.

Kauffmann, Francine, et al., “Epidermiological Study of the
Genetics and Environment of Asthma, Bronchial Hyperre-
sponsiveness and Atopy”, Am. J. Respir. Crit. Care Med.,
(1997), vol. 156, pp. S123-S129.

Kaufman, Steven, “B., The Learning Game”, Nation’s Busi-
ness, (Nov. 1993).

Lacyk, John, “PCT Search Report”, (Jun. 12, 1997).
Marsh, David G., “Approaches Toward the Genetic Analysis
of Complex Traits Asthma and Atop”, Am. J. Respir.Crit.
Care Med., (1997),vol. 156, pp. S-133-S138.

Martinez, Fernando D., “Complexities of the Genetics of
Asthma”, Am. J. Respir. Crit. Care Med., (1997),vol. 156,
pp. S117-S122.

Mazzola, et al., “Video Diabetes: A Teaching Tool for
Children with Insulin—Dependent Diabetes”, Proceedings—
7th Annual Symposium on Computer Applications in Medi-
cal Care; Washington, DC; Dialog:, (Oct. 1983),File 8,
Acci# 01624462.

Meissner, et al., “Building an Integrated Clinical and
Research Network™, Proceedings of the SPIE, (Oct. 24,
1995),vol. 2618, p. 92 99.

Moore, “New Applications Break Through Storage Bound-
aries”, Computer Technology Review, (Oct. 1999),vol. 19,
No. 10. p. 1.

Reis, Howard, “Telemedicine: Transmitting Expertise to the
Point of Care”, Proceedings: Toward an Flectronic Patient
Record, (1997), pp. 248-256.

Roberts;, “Diabetes and Stress: A Type A Connection?”,
Psychology Today, (Jul. 1987), v. 21; pp22(1); Dialog: File
149, Acc# 05038381.

Schenkels, P., “Supplementary European Search Report™,
Application No. EP 97 92 2716, (Mar. 11, 2002).

Schork, Nicholas J., “Genetics of Complex Disease”, Am. J.
Respir. Crit. Care Med., (1997),vol. 156, pp. s103-S109.
Shandle, Jack, “Who Will dominate the desktop In the
90s?”, Electronics, (Feb. 1990),pp. 48-50.

Voelker, Rebecca, “Shoe Leather Therapy is Gaining on
TB”, Jama, (Mar. 13, 1996), vol. 275, 743.

A. Caprihan, et al., “A Simple Microccomputer for Bio-
medical Signal Processing,” IECI °78 Annual Conference
Proceedings on Industrial Applications of Microprocessors,
Mar. 20-22, 1978, pp. 18-23.

J. Stuart Soeldner, “Treatment of Diabetes Mellitus by
Devices,” The American Journal of Medicine, Jan. 1981,
vol. 70, pp. 183-194.

Kuykendall, V. G., et al., “Assessment of Self-Monitored
Blood Glucose Results Using a Reflectance Meter with
memory and Microcomputer,” Symposium on Computer
Applications in Medical Care, 9th:1985:Baltimore, M.D.,
pp. 98-102.

Blood Glucose Monitors, Portable, Health Device, V. 17(9),
253-271 (1988).

Daisuke Yoshizawa, et al., “The Development of a Data
processing System with Personal Computer of MSX Stan-
dard System for Flow Injection Analysis,” Journal of Flow
Injection Analysis, 1988, V. 5, No. 2, pp. 101-110.

AS. Douglas, et al., “:Hand-held Glucose Monitor and
Recorder,” Proceedings of the Annual International Confer-
ence of the IEEFE Engineering in Medicine and Biology
Society, Nov. 4-7, 1988, New Orleans, LA, pp. 747-748.
Stuart J. Updike, et al, “Laboratory Evaluation of New
Reusable Blood Glucose Sensor,” Diabetes Care, Nov./Dec.
1988, vol. 11, No. 10, pp. 801-807.

“Central Fetal Monitoring Systems with Optical Disk Stor-
age,” New Technology Brief, Nov./Dec. 1988, vol. 2, No. 6,
pp. 249-251.

Beverly J. Leyerle, et al., “The PDMS as a Focal Point for
Distributed Patient Data,” International Journal of Clinical
Moniroring and Computing, 1988, vol. 5, pp. 155-161.
AM. Albisser, “Intelligent Instrumentation in Diabetic
Management,” CRC Critical Reviews in Biomedical Engi-
neering, vol. 17, No. 1, pp. 1-24.

J. Schrezenmeir, et al., “Computer Assisted Insulin Dosage
Adjustment—Perspectives for Diabetes Control,” Hormone
and Metabolic Research, 1990, Supplement Series vol. 24,
pp. 116-123.

E.F. Pfeiffer, “The Glucose Sensor: The Missing Link in
Diabetes Therapy,” Hormone and Metabolic Research,
1990, vol. 24, Suppl., pp. 154-164.

Laughton E. Miles, “A Portable Microcomputer for Long—
Term Physiological Monitoring in the Home and Work
Environment,” Medical Monitoring in the Home and Work
Environment, 1990, pp. 47-57.

D.A. Valera, et al., “Accuracy of Portable Blood Glucose
Monitoring,” American Journal of Clinical Patholoy, 1991,
vol. 95, No. 2, pp. 247-252.

P.G. Fabietti, et al., “Wearable System for Acquisition,
Processing and Storage of the Signal from Amperometric
Glucose Sensors,” The International Journal of Artificial
Organs, 1991, vol. 14, No. 3, pp. 175-178.

A. Billiard, et al., “Telematic Transmission of Computerized
Blood Glucose Profiles for IDDM Patients,” Diabetes Care,
Feb. 1991, vol. 14, No. 2, pp. 130-134.

Latman, N. S., “Evaluation of Electronic, Digital Blood
Glucose Monitors,” Biomedical Instrumentation and Tech-
nology, 1991, vol. 25, No. 1, 4349.



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagell6 of 177

US 6,968,375 Bl
Page 5

Thomas Hauser, et al., “Will Computers Replace or Comple-
ment the Diabetes Educator?,” The Medical Journal of
Australia, Oct. 5, 1992, vol. 157, 489-491.

V. L. Rose, et al., “Decentralized Testing for Prothrombin
Time and Activated Partial Thromboplastin Time Using a
Dry Chemistry Portable Analyser,” Archives of Pathology
and Laboratory Medicine, Jun. 1993, vol. 117, pp. 611-617.
V. Poitout, et al., “A Glucose Monitoring System for on line
Estimation in Man of Blood Glucose Concentration Using a
Miniaturized Glucose Sensor Implanted in the Subcutaneous
Tissue and a Wearable Control Unit,” Diaberologia, 1993,
vol. 36, pp. 658-663.

P. Brunetti, et al., “A Simulation Study on a Self-tuning
Portable Controller of Blood Glucose,” The International
Journal of Artificial Organs, 1993, vol. 16, No. 16, pp.
51-57.

Marc C. Shults, et al., “A Telemetry—Instrumentation Sys-
tem for Monitoring Multiple Subcutaneously Implanted
Glucose Sensors,” IEEE Transactions on Biomedical Engi-
neering, Oct. 1994, vol. 41, No. 10, pp. 937-942.

Hiroyuki Horio, et al., “Clinical Telecommunication Net-
work System for Home Monitoring”, Medical & Biological
Engineering & Computing., Mar. 1994, vol. 32, 227-230.

David Potter, “Fundamentals of PC—Based Data Acquisi-
tion,” SENSORS, Feb. 1994, pp 12-20.

M. Makikawa, et al, “Microprocessor—-Based Memory
Device for Ambulatory Heart Rate and Physical Activity
Recording,” Methods of Information in Medicine, 1994, vol.
33, No. 1, pp. 94-96.

J.C. Wyatt, “Clinical Data Systems, Part 2: Components and
Techniques,” Lancet, Dec. 1994, vol. 344, No. 8937, pp.
1609-1604.

“How Flash Memory Works,” Internet Printout of URL
address:  http://www.howstuffworks.com/flash-memory4.
htm, printed Sep. 28, 2002, 2 pages.

* cited by examiner



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagell7 of 177

U.S. Patent Nov. 22, 2005 Sheet 1 of 19 US 6,968,375 B1
16 1
18
\ SERVER [ ¥
24
26
3 %
REMOTE COMMUNICATION
APPARATUS 1 NETWORK
—~—30 20
MONITORING | g REMOTE MONITORING
DEVICE APPARATUS 2 DEVICE
{
26 18
FIG. 1
188
SERVER WORKSTATION 20
38 Y| _DATaBASE |_SCRIPT ENTRY 56
2 \/T{SCRIPT PROGRAMS | "| [ SCRIPT ASSIGN 57
RESPON
L SES__| REPORT 58
44 1 MEASUREMENTS
46
- L__TABLE ' REMOTE APPARATUS f_ 26
T
s MONITORING SCRIPT PROGRAM
B R
i APPLICATION RESPONSES |~ 42
50 \ - { SCRIPT GENERATOR
52\{~| SCRIPT ASSIGNOR MEASUREMENTS [)./44
54\ /T{REPORT GENERATOR | ‘
3 ~~| MONITORING
DEVICE

FIG.2




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagell8 of 177

U.S. Patent Nov. 22, 2005 Sheet 2 of 19 US 6,968,375 B1

| DISPLAY 64 M\ 26
4 82 66
[ DISPLAY
|_DRIVER | TELEPHONE
A JACK
PROCESSOR [———— MODEM 68A 22
_| |{MONITORING
i 5 JACK 1  EVICE
e 1
70 INTERFACE| LACK2[™ /688 28

70 BUTTONS I

JACK 3 ~~-68C

FIG. 4



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagell9 of 177

US 6,968,375 Bl

Sheet 3 of 19

Nov. 22, 2005

U.S. Patent

96\ |

G OIAd
POL/ A THONVD | 201 LANDS HLVAID | 001~ A | 00:€0 | :HNIL NOLLDINNOD
410049 [[]  dHALHN MO'L ANOLVIISHY []  9d1dW dsoon1o [XJr 86
(SEdAL 9DIAAA 1DFT3S
ASvd IVH $AVONS A0OTd YNOA TOULNOD
XudA ASVd QUVH | | (yaa OL NOA ¥Od LI S| G4VH MOH
ASVd xSVl @VH @IYH INVId INFW.LVIIL 4N0A MOTI0d
AddA AddA OL NOA ¥O04 I ST GIVH MOH
TIHM Xxlavd LASVASIA YNO X ODNIDVNYIN
aaaa | | THEM P AIAVEL T e NOA 21V TTHM MOH
dooo , avd )
N oA aooon avd XUAA {TA94 NOA Od MOH
¥ DIOHD € dDI0OHD T HDIOHD 1 FADIOHD SARIANO
6 1 LdIDS SALALIVIA HAVN LRIDS
NHHIOS AULNA LARDS

<

99



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel20 of 177

U.S. Patent Nov. 22, 2005 Sheet 4 of 19 US 6,968,375 B1
NUMBER: 9001 {LF} S Lllf-’)
LED: 1 {LF}
ZAP: {LF}
CLS: {LF}

% DISPLAY: ANSWER QUERIES NOW?
PRESS ANY BUTTON TO START (LF}

WAIT: {LF)
CLS: {LF}
ISPLAY: HOW DO YOU FEEL?

VERY VERY
BAD BAD GOOD GOOD {LF}

Cf 22 INPUT: OOO0O {LF}

CLS: {LF}

DISPLAY: HOW WELL ARE YOU
MANAGING YOUR DISEASE?
VERY - VERY

WELL BADLY WELL WELL {LF}
INPUT: 0000 {LF}
CLS: {LF}

DISPLAY: HOW HARD IS IT FOR YOU TO
FOLLOW YOUR TREATMENT PLAN?
VERY VERY
HARD HARD EASY EASY {LF}

INPUT: OOOO0 {LF}
CLS: {LF}

DISPLAY: HOW HARD IS IT FOR YOU TO
CONTROL YOUR BLOOD SUGAR?
VERY VERY
HARD HARD EASY EASY {LF}

FIG. 6A



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel21 of 177

U.S. Patent Nov. 22, 2005 Sheet 5 of 19 US 6,968,375 B1

INPUT: 0000 {LF}
CLS: {LF}

DISPLAY: CONNECT GLUCOSE METER
AND PRESS ANY BUTTON
WHEN FINISHED {LF}

WAIT: {LF}

CLS: {LF}

DISPLAY: COLLECTING MEASUREMENTS {LF}
74 .~ COLLECT: GLUCOSE_METER {LF}

CLS: {LF}

DISPLAY: CONNECT APPARATUS TO
TELEPHONE JACK AND
PRESS ANY BUTTON
WHEN FINISHED {LF}

WAIT: {LF)

LED: 0 {LF}

CLS: {LF}

DELAY: 03:00 {LF}

DISPLAY: CONNECTING TO SERVER {LF}
CONNECT: {LF}

{EOF}

FIG. 6B



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel22 of 177

U.S. Patent Nov. 22, 2005 Sheet 6 of 19 US 6,968,375 B1
57
p
SCRIPT ASSIGNMENT SCREEN
AVAILABLE SCRIPTS: PATIENTS:
106 \~[X] DIABETES SCRIPT 1 108 DAN LINDSEY
[ | DIABETES SCRIPT 2 [] MARK sMITH

[ ] ASTHMA SCRIPT 1 1(1>2 [ ] DEAN JONES

110d_~ADD sSCRIPT| | ASSIGN SCRIPT DELETE SCRIPT /114

FIG. 7
HOW DO YOU FEEL?
VERY VERY [\l 64
26\ BAD BAD GOOD GOOD
) ) ) )
\ N\ N N
70A 70B  70C 70D
FIG. 8
CONNECT GLUCOSE METER
26\~ WHEN FINISHED
) ) ) )

N N\ N N
70A  70B  70C 70D
FIG. 9



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel23 of 177

US 6,968,375 Bl

Sheet 7 of 19

Nov. 22, 2005

U.S. Patent

oI OIA
SYNOH [ @IVH A¥HA |
be ¢¢ O 8L 91 vl 2l 01 8 9 oc {4VONS 40014 YNOA TOYLNOD
or T T OL NOX JOd LI SI CYVH MOH
+ 09
lllllllllllllllllllllllllllllllll OP — Qm<m _
+ 08 (NV1d INFNLVEIL 4N0X MOTIOH
o6 OL NOA ¥Od LI SI AUVH MOH
Loor 2 |_Alavd |
dor1 m LASVASIA YNOA ONIDVNVIN
Loa © NOA FAV TTHM MOH
-+ 0€1 _ avd _
T ol (1994 NOA Od MOH
+4 0s1
L 091 SHSNOdSHI AJ34N0O
9 9
911 YA’
AL L66T ‘STHOUVIN| - INTWNTINSVIN 40 9LVd A | NVA ‘XASANIT |:aN"LLVd
LJd0ddd INALLVd

8¢




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel24 of 177

U.S. Patent Nov. 22, 2005 Sheet 8 of 19 US 6,968,375 B1

START
MONITORING
APPLICATION

GENERATE
AND STORE I~ 204
SCRIPT PROGRAM
STORE SCRIPT | 208
ASSIGNMENTS

REMOTE
CONNECT?

RECEIVE 212
UNIQUEDD [ 7

!

NO RECEIVE
AND STORE

RESPONSES AND |~ 214

MEASUREMENTS

!

RETREEVE | 216
ASSIGNED SCRIPT

A

TRANSMIT 218
- ASSIGNED SCRIPT |

®

FIG. 11A




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel25 of 177

U.S. Patent Nov. 22, 2005 Sheet 9 of 19 US 6,968,375 B1

220

PATIENT NO

REPORT?

RETRIEVE

222\ _~| RESPONSES AND
MEASUREMENTS

|

GENERATE
224\ _~ AND DISPLAY
REPORT

FIG. 11B



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel26 of 177

U.S. Patent Nov. 22, 2005 Sheet 10 of 19 US 6,968,375 B1

START

SCRIPT
PROGRAM

302\~ ASSIGN SCRIPT ID

'

304\ _~ LIGHT LED

'

ERASE LAST
306 ~~ RESPONSES

'

308\~ PROMPT PATIENT

'

310 v~ RECEIVE REPLY

¢

DISPLAY QUERIES
312\~ AND RECORD
RESPONSES

¢

314 PROMPT FOR
N DEVICE

CONNECTION

$

316 ~~1 RECEIVE REPLY

'

COLLECT
318\ .AND STORE
MEASUREMENTS

6

FIG. 12A




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel27 of 177

U.S. Patent Nov. 22, 2005 Sheet 11 of 19 US 6,968,375 B1

7

220 PROMPT FOR
“~| PHONE LINE
CONNECTION

'

322~ RECEIVE REPLY

i

324~ TURN OFF LED

J,

326 WAIT TO
~1 CONNECT

$

CONNECT
328\ TO SERVER

¢

330 TRANSMIT
1 RESPONSES AND
MEASUREMENTS

1

RECEIVE AND
332\~ STORE
NEW SCRIPT

END
SCRIPT
PROGRAM

FIG. 12B



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel28 of 177

U.S. Patent

Nov. 22, 2005 Sheet 12 of 19

27

N

US 6,968,375 Bl

74
4~ 62
72
118 66
68C
68B
63A
FIG. 13
YOU HAVE UNANSWERED
27 \ A QUERIES. SAY "BEGIN" 64
TO START SURVEY.

FIG. 14



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel29 of 177

US 6,968,375 Bl

Sheet 13 of 19

Nov. 22, 2005

U.S. Patent

v d0IAAd
INOHaATAL [~ T . [z 82 ONTIO.LINOW
i SI "ODId w
/
AVIdSIA 59 A
@ MOV 06 "
Waaown I~ 99 ) w [ IOVI gy
» _ YTARIA
“7] [Wadoml~gg [ LAvidsia |28 [HOVMEINION TOVI g9
€ ADVI o 2Dg9
AN
dJNV Nmu 9¢1 ~ ozt
W™ Ova oV
01/ _WO¥ JIDOTTVLIOId | per
YA TIOYLNODOYIIN
. 811
8¢/ NV oav Z€1 ‘
| TOYLNOD
¥8/ M M00'1D VAXH TILL TN | ﬂﬂw mn__zﬁ«
oL >
. oz1 — !




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel30 of 177

U.S. Patent Nov. 22, 2005 Sheet 14 of 19 US 6,968,375 B1
SERVER 18
38 DATABASE 26
40\ GENERIC SCRIPTS Q
41\ CUSTOM SCRIPTS | REMOTE APPARATUS
46\ 1 TABLE ——> CUSTOM
I SCRIPT PROGRAM
50 {.~ SCRIPT GENERATOR
I
524~ SCRIPT ASSIGNOR
|
35 MERGE PROGRAM
FIG. 16
YOUR NEXT APPOINTMENT
WITH DR. JONES IS ON
26~ A MARCH 15, 1997. N\ 64
OK
A} \ AY 3
C C C C
70A  70B 70C 70D
FIG. 17
DAN, YOUR LAB RESULTS
FOR HEMOGLOBIN
26~ A ARE 6.74. ] 64
OK
3 AY A hY
C < C <
70A  70B 70C 70D

FIG. 18




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel31 of 177

US 6,968,375 Bl

Sheet 15 of 19

Nov. 22, 2005

U.S. Patent

61 "OIAd

96

POL - THONVO | o1

Idr¥0S ALVAID | 001~ A | 00:€0 | “HAILL NOILDANNOD

A0

ATINALSISNOD
HSI0ddXH O.L Jd4NHNTYA
‘<<dWVN LNAILVd LYASNI>>

p: (0]

<<LINSHY 21VIH LIHSNI>> iV
NIFOTOOIHH ¥Od SLINSHE 9V'1
YNOA <<HWVN LNHLLVd LIdSNI>>

A0

<<d4.LVAd LNAW.LNIOddV LIdSNI>>
NO ST <<dHINVN NVIDISAHd LAdSNI>>
HLIM INAWINIOddV LXUN d(10A

v HOIOHD £ HOIOHD T HDIOHD 1 HDOIOHD

SLNHWHLVLS

Nm\./x

C 1dIdOS SHLH8VId

HINVN LdIdOS

NHHIOS AULNH LATIOS

16

0

949



Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel32 of 177

U.S. Patent Nov. 22, 2005 Sheet 16 of 19 US 6,968,375 B1

26

K—j 350

| -
TO ] D - TO
COMMUNICATION MONITORING
NETWORK : DEVICE

FIG. 20.



U.S.

20

Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel33 of 177

Patent

Nov. 22, 2005

24

Sheet 17 of 19

US 6,968,375 Bl

il

—
]
n
==
n
AN 1 —
COMMUNICATION
NETWORK
36
DIGITAL
BROADCAST
NETWORK
(HEADEND)
26
28
13 38
Eji v MONITORING
DEVICE

FI1G. 21.




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel34 of 177

U.S. Patent

Nov. 22, 2005

Sheet 18 of 19

40

GENERATE AN INTERACTIVE
SCRIFT PROGRAM

US 6,968,375 Bl

0

402

COMBINE ENTERTAINMENT OR

ADVERTISEMENT CONTENT WITH THE
INTERACTIVE SCRIPT PROGRAM TO
CREATE A BROADCAST PROGRAM

|

FIG. 22.

| BROADCAST THE BROADCAST
PROGRAM

F

A 4

408

408

RECEIVE, PROCESS AND PRESENT THE
BROADCAST PROGRAM WITH THE

INTERACTIVE SCRIPT PROGRAM

410

INFORM USER OF THE INCLUDED
INTERACTIVE SCRIPT PROGRAM

y 424

PROVIDING OPTION OF
FREEZING ENT/ADYV.
PROGRAMMING

1

|

A 426

PRESENTING THE SCRIPT
PROGRAM UPON SELECTING OR
ACTIVATING THE ICON

y 428

INTERACT WITH THE SCRIPT
PROGRAM WITH QUERY
RESPONSES AND COLLECTED
MEASUREMENTS BEING SENT
TO THE SERVER




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel35 of 177

U.S. Patent Nov. 22, 2005 Sheet 19 of 19 US 6,968,375 B1

250

252

AN
254 \ /\ .4/
FIG. 23, \ .
l
as—f
=
PROGRAM
260 ——| O000 !
250
N <y
i)
il
R (/.
\ N
/\_’/’/

FIG. 24.




Caseb:12-cv-00068-PSG Documentl-1 Filed01/05/12 Pagel36 of 177

US 6,968,375 B1

1

NETWORKED SYSTEM FOR INTERACTIVE
COMMUNICATION AND REMOTE
MONITORING OF INDIVIDUALS

PRIORITY CLAIM

This application is a continuation-in-part of U.S. appli-
cation Ser. No. 09/300,856, filed Apr. 28, 1999, now U.S.
Pat. No. 6,368,273, issued Apr. 9, 2002, which application is
a divisional of U.S. application Ser. No. 08/946,341, filed
Oct. 7, 1997, now U.S. Pat. No. 5,997,476, issued Dec. 7,
1999, which application is a continuation-in-part of U.S.
application Ser. No. 08/847,009, filed Apr. 30, 1997, now
U.S. Pat. No. 5,897,493, issued Apr. 27, 1999, which appli-
cation claims priority from U.S. Provisional Application No.
60/041,746, filed Mar. 28, 1997 and from U.S. Provisional
Application No. 60/041,751, filed Mar. 28, 1997.
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No. 10/279,749 filed on Oct. 23, 2002 which is related to
U.S. application Ser. No. 10/233,296 filed on Aug. 30, 2002
which is related to U.S. application Ser. No. 09/713,922 filed
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No. 6,381,577 filed on Mar. 2, 2000 and issued on Apr. 30,
2002.
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FIELD OF THE INVENTION

The present invention relates generally to communication
systems for remote monitoring of individuals, and in par-
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ticular to a networked system for remotely monitoring
individuals and for communicating information to the indi-
viduals through the use of script programs.

BACKGROUND OF THE INVENTION

In the United States alone; over 100 million people have
chronic health conditions, accounting for an estimated $700
billion in annual medical costs. In an effort to control these
medical costs, many healthcare providers have initiated
outpatient or home healthcare programs for their patients.
The potential benefits of these programs are particularly
great for chronically ill patients who must treat their diseases
on a daily basis. However, the success of these programs is
dependent upon the ability of the healthcare providers to
monitor the patients remotely to avert medical problems
before they become complicated and costly. Further, success
requires compliance with the program, which is often depen-
dent on providing messages or other reminders to patients so
that they will stay with the program. Unfortunately, no
convenient and cost effective monitoring system exists to
accomplish these objectives. While these problems are par-
ticularly acute for the poor and the elderly, all demographic
groups could significantly benefit from remote communica-
tion and monitoring systems.

Prior attempts to monitor patients remotely have included
the use of personal computers and modems to establish
communication between patients and healthcare providers,
either directly or via an Internet site. However, computers
are too expensive to give away and the patients who already
own computers are only a fraction of the total population.

Other attempts to monitor patients remotely have included
the use of medical monitoring devices with built-in modems.
Examples of such monitoring devices include blood glucose
meters, respiratory flow meters, and heart rate monitors.
While these devices can be quite successful, their multime-
dia capabilities arc often limited. In addition, many patients
simply may prefer to interact with a device they are more
familiar with, such as a television.

Prior attempts to monitor patients remotely have also
included the use of interactive telephone or video response
systems. Such interactive systems are disclosed in U.S. Pat.
No. 5,39.0,238 issued to Kirk et al. on Feb. 14, 1995, U.S.
Pat. No. 5,434,611 issued to Tamura on Jul. 18, 1995, and
U.S. Pat. No. 5,441,047 issued to David et al. on Aug. 15,
1995. One disadvantage of these systems is that they either
require a patient to call in to a central facility to be monitored
or require the central facility to call the patient according to
a rigid monitoring schedule.

If the patients are required to call the central facility, only
the compliant patients will actually call regularly to be
monitored. Non-compliant patients will typically wait until
an emergency situation develops before contacting their
healthcare provider, thus defeating the purpose of the moni-
toring system. If the central facility calls each patient
according to a monitoring schedule, it is intrusive to the
patient’s life and resistance to the monitoring grows over
time. Further, it is difficult to identify each patient uniquely
using these systems. Moreover, these systems are generally
incapable of collecting medical data from monitoring
devices, such as blood glucose meters, respiratory flow
meters, or heart rate monitors.

As such, there exists a need for a simple and inexpensive
system for remotely monitoring patients and for easily
communicating information to the patients. There is also a
need to encourage patient’s compliance with a prescribed
treatment plan.
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SUMMARY

The present invention provides a system for remotely
interacting with an individual. The system includes a server,
a remote interface device for assigning in the server a set of
queries to be answered by the individual, a remotely pro-
grammable apparatus for interacting with the individual and
a broadcaster in communication with the server and the
remotely programmable apparatus.

By using the entertainment medium of interactive televi-
sion with its ability to receive a large bandwidth of data, the
present invention can more easily communicate interactive
entertaining/educational information to potential and exist-
ing patients. The interactive nature of the received data
makes it easy for a user to access interactive programs
related to corresponding entertainment/advertisement con-
tent or related to user adherence to a predefined regimen.

In accordance with another aspect of the present
invention, an answering service sends a series of questions
as voice communication from a stored set of questions to the
remote apparatus for the individual to respond to, when the
voice communication button is activated. The answering
service stores responses to each provided question in the
series of questions and provides a service based on the
individual’s response to the questions. The provided service
is communication with a health care professional or a
service provider. Also, the answering service includes a
speech recognition component for receiving spoken
responses to the series of questions and a speech synthesis
component for making the set of queries into a series of
questions.

In accordance with yet another aspect of the present
invention, the remotely programmable apparatus includes an
appliance component for providing appliance functionality.
The appliance component is an alarm clock, a kitchen
appliance, or an entertainment device.

In accordance with still another aspect of the present
invention, the remotely programmable apparatus includes a
monitoring component for producing measurements of a
physiological condition of the individual.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:

FIG. 1 is a block diagram of networked system formed in
accordance with a first embodiment of the present invention;

FIG. 2 is a block diagram illustrating the interaction of the
components of the system of FIG. 1;

FIG. 3 is a perspective view of a remotely programmable
apparatus of the system of FIG. 1;

FIG. 4 is a block diagram illustrating the components of
the apparatus of FIG. 3;

FIG. § is a script entry screen according to the preferred
embodiment of the invention;

FIG. 6A is a listing of a sample script program according
to the preferred embodiment of the invention;

FIG. 6B is a continuation of the listing of FIG. 6A;

FIG. 7 is a script assignment screen according to the
preferred embodiment of the invention

FIG. 8 is a sample query appearing on the apparatus of
FIGS. 1A-D;

FIG. 9 is a sample prompt appearing on the display of the
apparatus of FIG. 3;
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FIG. 10 is a sample report displayed on a workstation of
the system of FIGS. 1A-D;

FIG. 11A is a flow chart illustrating the steps included in
a monitoring application executed by the server of FIGS.
1A-D according to the present invention;

FIG. 11B is a continuation of the flow chart of FIG. 11A

FIG. 12A is a flow chart illustrating the steps included in
the script program of FIGS. 6 A-6B;

FIG. 12B is a continuation of the flow chart of FIG. 12;

FIG. 13 is a perspective view of a remotely programmable
apparatus according to an embodiment of the present inven-
tion;

FIG. 14 is a sample prompt appearing on a display of the
apparatus of FIG. 13;

FIG. 15 is a block diagram illustrating the components of
the apparatus of FIG. 13;

FIG. 16 is a schematic block diagram illustrating the
interaction of the server of FIGS. 1A-D with the apparatus
of FIG. 3 according to another embodiment of the present
invention;

FIG. 17 is a first sample message appearing on the display
of the apparatus of FIG. 3;

FIG. 18 is a second sample message appearing on the
display of the apparatus of FIG. 3;

FIG. 19 is a script entry screen according to an embodi-
ment of the present invention;

FIGS. 20 and 21 are block diagrams of alternate embodi-
ments of the present invention;

FIG. 22 is a flow chart illustrating the process performed
by the system of FIGS. 21; and

FIGS. 23 and 24 are example broadcast programming
presentations with an included script program.

DETAILED DESCRIPTION

The present invention provides a system and method for
remotely monitoring individuals and for increasing indi-
vidual use of health programs. In a first embodiment of the
invention, the individuals are patients and the system is used
to collect data relating to the health status of the patients.
However, it is to be understood that the invention is not
limited to remote monitoring of patients. The system and
method of the invention may be used for any type of remote
monitoring and program adherence application. The inven-
tion may also be implemented as an automated messaging
system for communicating information to individuals, as
will be discussed in an alternative embodiment below.

A first embodiment of the invention is illustrated in FIGS.
1A and 2-12. Referring to FIG. 1, a networked system 16
includes a server 18 and a workstation 20 connected to the
30 server 18 through a communication network 24. The
server 18 is preferably a world wide web server and the
communication network 24 is preferably the Internet. It will
be apparent to one skilled in the art that the server 18 may
comprise a single stand-alone computer or multiple com-
puters distributed throughout a network. The workstation 20
is preferably a personal computer, remote terminal, or web
TV unit connected to the server 18 via the Internet. The
workstation 20 functions as a remote interface for entering
in the server 18 messages and queries to be communicated
to the patients.

The system 16 also includes multiple remotely program-
mable apparatus, such as first and second apparatuses 26 for
monitoring multiple patients. Each apparatus 26 is designed
to interact with a patient in accordance with script programs
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received from the server 18. Each apparatus 26 is in com-
munication with the server 18 through the communication
network 24, preferably the Internet. Alternatively, each
apparatus 26 may be placed in communication with the
server 18 via wireless communication networks, cellular
networks, telephone networks, satellite networks or any
other network which allows each apparatus 26 to exchange
data with the server 18. It is to be understood that the system
16 may include any number of remotely programmable
apparatuses for monitoring any number of patients.

In the preferred embodiment, each patient to be monitored
is also provided with a monitoring device 28. The monitor-
ing device 28 is designed to produce measurements of a
physiological condition of the patient, record the
measurements, and transmit the measurements to the
patient’s remotely programmable apparatus through a stan-
dard connection cable 30. Examples of suitable monitoring
devices 28 include blood glucose meters, respiratory flow
meters, blood pressure cuffs, electronic weight scales, and
pulse rate monitors. Such monitoring devices are well
known in the art. The specific type of monitoring device 28
provided to each patient is dependent upon the patient’s
disease or health treatment needs. For example, diabetes
patients are provided with a blood glucose meter for mea-
suring blood glucose concentrations, asthma patients are
provided with respiratory flow meters for measuring peak
flow rates, obesity patients are provided with weight scales,
etc.

FIG. 2 shows the server 18, the workstation 20, and the
apparatus 26 in greater detail. The server 18 includes a
database 38 for storing programs 40. The script programs 40
are executed by each apparatus 26, to communicate queries
and messages to a patient, receive responses 42 to the
queries, collect monitoring device measurements 44, and to
transmit responses 42 and measurements 44 to the server 18.
The database 38 is designed to store responses 42 and
measurements 44. The database 38 further includes a look-
up table 46. The table 46 contains a list of the patients to be
monitored, and for each patient, a unique patient identifica-
tion code and a respective pointer to one or more script
programs 40 assigned to the patient. Each remotely pro-
grammable apparatus 26 is designed to execute assigned
script programs 40 received from the server 18. The script
programs 40 may include queries, reminder messages, infor-
mational statements, useful quotations, or other information
of benefit to the patient. See Appendix A for example script
programs.

FIGS. 3—4 show the structure of a remotely program-
mable apparatus 26 according to the preferred embodiment.
Referring to FIG. 3, the apparatus 26 includes a housing 62.
The housing 62 is sufficiently compact to enable the appa-
ratus 26 to be hand-held and carried by a patient. The
apparatus 26 also includes a display 64 for displaying
queries and prompts to the patient. In the preferred
embodiment, the display 64 is a liquid crystal display
(LCD).

The apparatus 26 includes five user input buttons 70A,
70B, 70C, 70D and 70E that are located on the same side of
the apparatus 26 as the display 64. The user input buttons
70A-D are for entering in the apparatus 26 responses 42 to
the queries and prompts. In the preferred embodiment, the
user input buttons 70A-D are momentary contact push
buttons. In alternative embodiments, user input buttons
70A-D may be replaced by switches, keys, a touch sensitive
display screen, or any other data input device.

The user input button 70E is a emergency or other
services button and is preferably red, but may be of any size,
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6

shape, or color that draws special visual or tactile attention
to the user. The services provided by the user input button
70E are described in more detail below.

Three monitoring device jacks 68A, 68B, and 68C are
located on a surface of housing 62. The device jacks 68A—C
are for connecting the apparatus 26 to a number of moni-
toring devices 28, such as blood glucose meters, respiratory
flow meters, or blood pressure cuffs (not shown in FIG. 3).
The apparatus 26 also includes a modem jack 66 for con-
necting the apparatus 26 to a telephone jack through a
standard connection cord (not shown). The apparatus 26
further includes a visual indicator, such as a light emitting
diode (LED) 74. The LED 74 is for visually notifying the
patient that he or she has unanswered queries stored in the
apparatus 26.

FIG. 4 is a schematic block diagram illustrating the
components of the apparatus 26 in greater detail. The
apparatus 26 includes a microprocessor 76 and a memory 80
connected to the microprocessor 76. The memory 80 is
preferably a non-volatile memory, such as a serial
EEPROM. The memory 80 stores script programs 40
received from the server 18, measurements 44 received from
the monitoring device 28, responses 42 to queries. The
microprocessor 76 also includes built-in read only memory
(ROM), which stores firmware for controlling the operation
of the apparatus 26. The firmware includes a script inter-
preter used by the microprocessor 76 to execute the script
programs 40. The script interpreter interprets script
commands, which are executed by the microprocessor 76.
Specific techniques for interpreting and executing script
commands in this manner are well known in the art.

The microprocessor 76 is preferably connected to
memory 80 using a standard two-wire interface. The micro-
processor 76 is also connected to the user input buttons 70,
the LED 74, a clock 84, and a display driver 82. The clock
84 indicates the current date and time to the microprocessor
76. For clarity of illustration, clock 84 is shown as a separate
component, but is preferably built into the microprocessor
76. The display driver 82 operates under the control of the
microprocessor 76 to display information on the display 64.
The microprocessor 76 is preferably a PIC 16C65 processor.
The modem 86 is connected to a telephone jack 22 through
the modem jack 66. The modem 86 is for exchanging data
between the server 18 and the processor 76 through the
communication network 24. The data includes the script
programs 40 which are received from the server 18 as well
as the responses 42 to queries, the device measurements 44,
the script identification codes, and the patient’s unique
identification code, which the modem 86 transmits to the
server 18. The modem 86 is preferably a complete 28.8 K
modem commercially available from Cermetek, although
any suitable modem may be used. The processor 76 also
includes a component that connects to the telephone jack 22
and a microphone 88 and a speaker 89, thereby allowing
telephone calls to be processed.

The device interface 90 is connected to the device jacks
68A, 68B, and 68C. The device interface 90 is for interfac-
ing with a number of monitoring devices 28, such as blood
glucose meters, respiratory flow meters, blood pressure
cuffs, weight scales, or pulse rate monitors; through device
jacks 68A-C.

The device interface 90 operates under the control of the
microprocessor 76 to collect measurements 44 from the
monitoring devices 28 and to output the measurements to the
microprocessor 76 for storage in the memory 80. In the
preferred embodiment, the interface 90 is a standard RS232
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interface. For simplicity of illustration, only one device
interface 90 is shown in FIG. 4. However, in alternative
embodiments, the apparatus 26 may include multiple device
interfaces to accommodate monitoring devices that have
different connection standards.

Referring again to FIG. 2, the server 18 includes a
monitoring application 48. The monitoring application 48 is
a controlling software application executed by the server 18
to perform the various functions described below. The
application 48 includes a script generator 50, a script
assignor 52, and a report generator 54. The script generator
50 is designed to generate the script programs 40 from script
information entered through the workstation 20. The script
information is entered through a script entry screen 56. In
the preferred embodiment, script entry screen 56 is imple-
mented as a web page on the server 18. The workstation 20
includes a web browser for accessing the web page to enter
the script information.

FIG. § illustrates the script entry screen 56 as it appears
on the workstation 20. The screen 56 includes a script name
field 92 for specifying the name of a script program to be
generated. The screen 56 also includes entry fields 94 for
entering a set of queries to be answered by a patient. Each
entry field 94 has corresponding response choice fields 96
for entering response choices for the query. The screen 56
further includes check boxes 98 for selecting a desired
monitoring device 28, such as a blood glucose meter,
respiratory flow meter, or blood pressure cuff, from which to
collect measurements 44.

The screen 56 additionally includes a connection time
field 100 for specifying a prescribed connection time at
which each apparatus 26 executing the script is to establish
a subsequent communication link to the server 18. The
connection time is preferably selected to be the time at
which communication rates are the lowest, such as 3:00 AM.
The screen 56 also includes a CREATE SCRIPT button 102
for instructing script generator 50 to generate a script
program 40 from the information entered in screen 56. The
screen 56 further includes a CANCEL button 104 for
canceling the information entered in screen 56.

In the preferred embodiment, each script program 40
created by script generator 50 conforms to the standard file
format used on UNIX systems. In the standard file format,
each command is listed in the upper case and followed by a
colon. Every line in the script program 40 is terminated by
a linefeed character {LF}, and only one command is placed
on each line. The last character in the script program 40 is
a UNIX end of file character {EOF}. Table 1 shows an
exemplary listing of script commands used in the preferred

embodiment of the invention.
TABLE 1

SCRIPT

COMMANDS Command Description

CLS: {LF} Clear the display.

ZAP: {LF} Erase from memory the last set of query responses
recorded.

LED: b{LF}  Turn the LED on or off, where b is a binary digit of 0 or
1. An argument of 1 turns on tOhe LED, and an argument
of 0 turns off the LED.

DISPLAY: Display the text following the DISPLAY command.

{chars} {LF}

INPUT: Record a button press. The m’s represent a button mask

mmmm{LF}  pattern for each of the four input buttons. Each m

contains an “X” for disallowed buttons or an “O” for
allowed buttons. For example, INPUT: OXOX{LF}
allows the user to press either button #1 or #3.
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TABLE 1-continued

SCRIPT

COMMANDS Command Description

WAIT: Wait for any one button to be pressed, then continue

{LF} executing the script program.

COLLECT: Collect measurements from the monitoring device

device{LF} specified in the COLLECT command. The user is
preferably prompted to connect the specified monitoring
device to the apparatus and press a button to continue.

NUMBER: Assign a script identification code to the script program.

aaaa{LF} The script identification code from the most recently
executed NUMBER statement is subsequently
transmitted to the server along with the query responses
and device measurements. The script identification code
identifies to the server which script program was most
recently executed by the remote apparatus.

DELAY: Wait until time t specified in the DELAY command,

t{LF} usually the prescribed connection time.

CONNECT: Perform a connection routine to establish a

{LF} communication link to the server, transmit the patient

identification code, query responses, device
measurements, and script identification code to the
server, and receive and store a new script program. When
the server instructs the apparatus to disconnect, the script
interpreter is restarted, allowing the new script program
to execute.

The script commands illustrated in Table 1 are represen-
tative of the preferred embodiment and are not intended to
limit the scope of the invention. After consideration of the
ensuing description, it will be apparent to one skilled in the
art many other suitable scripting languages and sets of script
commands may be used to implement the invention.

The script generator 50 preferably stores a script program
template which it uses to create each script program 40. To
generate a script program 40, the script generator 50 inserts
into the template the script information entered in the screen
56. For example, FIGS. 6A—6B illustrate a sample script
program 40 created by the script generator 50 from the script
information shown in FIG. 5.

The script program 40 includes display commands to
display the queries and response choices entered in fields 94
and 96, respectively. The script program 40 also includes
input commands to receive responses 42 to the queries. The
script program 40 further includes a collect command to
collect device measurements 44 from the monitoring device
28 specified in the check boxes 98. The script program 40
also includes commands to establish a subsequent commu-
nication link to the server 18 at the connection time specified
in field 100 FIG. 5. The steps included in the script program
40 are also shown in the flow chart of FIGS. 12A-12B and
will be discussed in the operation section below.

Referring again to FIG. 2, the script assignor 52 is used to
assign script programs 40 to the patients. The script pro-
grams 40 are assigned in accordance with script assignment
information entered through workstation 20. The script
assignment information is entered through a script assign-
ment screen 57, which is preferably implemented as a web
page on the server 18.

FIG. 7 illustrates a sample script assignment screen 57 as
it appears on workstation 20. The screen 57 includes check
boxes 106 for selecting a script program 40 to be assigned,
and check boxes 108 for selecting the patients to whom the
script program is to be assigned. The screen 57 also includes
an ASSIGN SCRIPT button 112 for entering the assign-
ments. When button 112 is pressed, the script assignor 52
creates and stores for each patient selected in check boxes
108 a respective pointer to the script program 40 selected in
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the check boxes 106. Each pointer is stored in the patient
look-up table 46 of the database 38. The screen 57 further
includes an ADD SCRIPT button 110 for accessing the script
entry screen and a DELETE SCRIPT button 114 for deleting
a script program 40.

Referring again to FIG. 2, the report generator 54 is
designed to generate a patient report 58 from the responses
42 and the device measurements 44 received in the server
18. The patient report 58 is displayed on the workstation 20.
FIG. 10 shows a sample patient report 58 produced by the
report generator 54 for a selected patient. The patient report
58 includes a graph 116 of the device measurements 44
received from the patient, as well as a listing of the responses
42 received from the patient. Specific techniques for writing
a report generator program to display data in this manner are
well known in the art.

The operation of the preferred embodiment is illustrated
in FIGS. 1-12. FIG. 11A is a flow chart illustrating steps
included in the monitoring application executed by the
server 18. FIG. 11B is a continuation of the flow chart of
FIG. 11A. In step 202, the server 18 determines if new script
information has been entered through the script entry screen
56. If new script information has not been entered, the server
18 proceeds to step 206. If new script information has been
entered, the server 18 proceeds to step 204.

As shown in FIG. §, the script information includes a set
of queries, and for each of the queries, corresponding
response choices. The script information also includes a
selected monitoring device type from which to collect
device measurements 44. The script information further
includes a prescribed connection time for each apparatus to
establish a subsequent communication link to the server 18.
The script information is generally entered in the server 18
by a healthcare provider, such as the patients’ physician or
case manager. Of course, any person desiring to communi-
cate with the patients may also be granted access to the
server 18 to create and assign script programs 40. Further, it
is to be understood that system 16 may include any number
of remote interfaces for entering script generation and script
assignment information in the server 18.

In step 204, the script generator 50 generates a script
program from the information entered in the screen 56. The
script program is stored in the database 38. Steps 202 and
204 are preferably repeated to generate multiple script
programs, e.g. a script program for diabetes patients, a script
program for asthma patients, etc. Each script program cor-
responds to a respective one of the sets of queries entered
through the script entry screen 56. Following step 204, the
server 18 proceeds to step 206.

In step 206, the server 18 determines if new script
assignment information has been entered through the assign-
ment screen 57. If new script assignment information has not
been entered, the server 18 proceeds to step 210. If new
script assignment information has been entered, the server
18 proceeds to step 208. As shown in FIG. 7, the script
programs are assigned to each patient by selecting a script
program through check boxes 106, selecting the patients to
whom the selected script program is to be assigned through
check boxes 108, and pressing the ASSIGN SCRIPT button
112. When button 112 is pressed, the script assignor 52
creates for each patient selected in the check boxes 108 a
respective pointer to the script program selected in the check
boxes 106. In step 208, each pointer is stored in the look-up
table 46 of the database 38. Following step 208, the server
18 proceeds to step 210.

In step 210, the server 18 determines if any of the
apparatuses are remotely connected to the server. Each
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patient to be monitored is preferably provided with his or her
own remotely programmable apparatus, which has the
patient’s unique identification code, stored therein. Each
patient is thus uniquely associated with a respective one of
the apparatuses. If none of the apparatuses is connected, the
server 18 proceeds to step 220. If an apparatus is connected,
the server 18 receives from the apparatus the patient’s
unique identification code in step 212. In step 214, the server
18 receives from the apparatus 26 the query responses 42,
device measurements 44, and script identification code
recorded during execution of a previously assigned script
program. The script identification code identifies to the
server 18 which script program was executed by the appa-
ratus to record the query responses 42 and device measure-
ments 44. The responses, device measurements, and script
identification code are stored in the database 38.

In step 216, the server 18 uses the patient identification
code to retrieve from the table 46 the pointer to the script
program assigned to the patient. The server 18 then retrieves
the assigned script program from the database 38. In step
218, the server 18 transmits the assigned script program to
the patient’s remotely programmable apparatus through the
communication network 24. Following step 218, the server
18 proceeds to step 220.

In step 220, the server 18 determines if a patient report
request has been received from the workstation 20. If no
report request has been received, the server 18 returns to step
202. If a report request has been received for a selected
patient, the server 18 retrieves from the database 38 the
measurements 44 and query responses 42 last received from
the patient, step 222. In step 224, the server 18 generates and
displays the patient report 58 on the the workstation 20. As
shown in FIG. 10, the report 58 includes the device mea-
surements 44 and query responses 42 last received from the
patient. Following step 224, the server 18 returns to step
202.

FIGS. 12A-12B illustrate the steps included in the script
program executed by the apparatus 26. Before the script
program is received, the apparatus 26 is initially pro-
grammed with the patient’s unique identification code and
the script interpreter used by microprocessor 76 to execute
the script program. The initial programming may be
achieved during manufacture or during an initial connection
to the server 18. Following initial programming, the appa-
ratus 26 receives from the server 18 the script program
assigned to the patient associated with the apparatus 26. The
script program is received by the modem 86 through a first
communication link and stored in the memory 80.

In step 302, microprocessor 76 assigns a script identifi-
cation code to the script program and stores the script
identification code in the memory 80. The script identifica-
tion code is subsequently transmitted to the server 18 along
with the query responses 42 and the device measurements 44
to identify to the server 18 which script program was most
recently executed by apparatus 26. In step 304, the micro-
processor 76 lights LED 74 to notify the patient that he or
she has unanswered queries stored in the apparatus 26. The
LED 74 preferably remains lit until the patient answers the
queries. In step 306, the microprocessor 76 erases from the
memory 80 the last set of query responses recorded.

In step 308, the microprocessor 76 prompts the patient by
displaying on the display 64 “ANSWER QUERIES NOW?
PRESS ANY BUTTON TO START”. In step 310, the
microprocessor 76 waits until a reply to the prompt is
received from the patient. When a reply is received, the
microprocessor 76 proceeds to step 312. In step 312, the
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microprocessor 76 executes successive display and input
commands to display the queries and response choices on
the display 64 and to receive responses to the queries.

FIG. 8 illustrates a sample query and its corresponding
response choices as they appear on the display 64 The
response choices are positioned on the display 64 such that
each response choice is located proximate a respective one
of input buttons 70A-D. In the preferred embodiment, each
response choice is displayed immediately above a respective
input button 70A-D. The patient presses the button 70A-D
corresponding to his or her response. The microprocessor 76
stores each response in the memory 80.

In steps 314-318, the microprocessor 76 executes com-
mands to collect the device measurements 44 from a
selected the monitoring device 28. The script program
specifies the selected monitoring device from which to
collect the measurements. In step 314, the microprocessor
76 prompts the patient to connect the selected monitoring
device 28, for example a blood glucose meter, to one of
device jacks 68A—C. A sample prompt is shown in FIG. 9.
In step 316, the microprocessor 76 waits until a reply to the
prompt is received from the patient. When a reply is
received, the microprocessor 76 proceeds to step 318. In step
318, the microprocessor 76 collects device measurements 44
from the monitoring device 28 through the interface 90. The
measurements 44 are stored in the memory 80.

In step 320, the microprocessor 76 prompts the patient to
connect the apparatus 26 to the telephone jack 22 so that the
apparatus 26 may connect to the server 18 at the prescribed
connection time. In step 322, the microprocessor 76 waits
until a reply to the prompt is received from the patient. When
a reply is received, the microprocessor 76 turns off the LED
74 in step 324. In step 326, the microprocessor 76 waits until
it is time to connect to the server 18. The microprocessor 76
compares the connection time specified in the script program
to the current time output by the clock 84.

In step 328, the microprocessor 76 establishes a subse-
quent communication link between the apparatus 26 and the
server 18 through the modem 86 and the communication
network 24. If the connection fails for any reason, the
microprocessor 76 repeats step 328 to get a successful
connection. In step 330, the microprocessor 76 transmits the
device measurements 44, query responses 42, script identi-
fication code, and patient identification code stored in the
memory 80 to the server 18 through the subsequent com-
munication link. In step 332, the microprocessor 76 receives
through the communication network 24 a new script pro-
gram from the server 18. The new script program is stored
in the memory 80 for subsequent execution by the micro-
processor 76. Following step 332, the script program ends.

One advantage of the monitoring system of the present
invention is that it allows each patient to select a convenient
time to respond to the queries, so that the monitoring system
is not intrusive to the patient’s schedule. A second advantage
of the monitoring system is that it incurs very low commu-
nications charges because each remote apparatus connects to
the server 18 at times when communication rates are lowest.
Moreover, the cost to manufacture each remote the appara-
tus 26 is very low compared to personal computers or
internet terminals, so that the monitoring system is highly
affordable.

A third advantage of the monitoring system is that it
allows each apparatus 26 to be programmed remotely
through script programs 40. Patient surveys, connection
times, display prompts, selected monitoring devices, patient
customization, and other operational details of each appa-
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ratus 26 may be easily changed by transmitting a new script
program 40 to apparatus 26. Moreover, each script program
40 may be easily created and assigned by remotely accessing
the server 18 through the Internet. Thus, the invention
provides a powerful, convenient, and inexpensive system for
remotely monitoring a large number of patients.

FIGS. 13-15 illustrate a second embodiment of the inven-
tion in which each remotely programmable apparatus
includes all of the functionality of the first embodiment
described above while also including speech recognition and
speech synthesis functionality. FIG. 13 shows a perspective
view of the remotely programmable apparatus 27 according
to the second embodiment. The apparatus 27 includes a
speaker 72 for audibly communicating queries and prompts
to the patient. The apparatus 27 also includes a microphone
118 for receiving spoken responses to the queries and
prompts. The apparatus 27 may optionally include a display
64 for displaying prompts to the patient, as shown in FIG.
14.

FIG. 15 is a schematic block diagram illustrating the
components of the apparatus 27 in greater detail. The
apparatus 27 is similar in design to the apparatus 26 of the
preferred embodiment except that the apparatus 27 includes
an audio processor chip 120 in place of the microprocessor
76. The audio processor chip 120 is preferably an RSC-164
chip commercially available from Sensory Circuits Inc. of
1735 N. First Street, San Jose, Calif. 95112.

The audio processor chip 120 has a microcontroller 122
for executing script programs received from the server 18. A
memory 80 is connected to the microcontroller 122.
Memory 80 stores the script programs and a script inter-
preter used by the microcontroller 122 to execute the script
programs. The memory 80 also stores measurements
received from the monitoring device 28, responses to the
queries, script identification codes, and the patient’s unique
identification code.

The audio processor chip 120 also has built in speech
synthesis functionality for synthesizing queries and prompts
to a patient through the speaker 72. For speech synthesis, the
chip 120 includes a digital to analog converter (DAC) 142
and an amplifier 144. The DAC 142 and the amplifier 144
drive the speaker 72 under the control of the microcontroller
122.

The audio processor chip 120 further has built in speech
recognition functionality for recognizing responses spoken
into the microphone 118. Audio signals received through the
microphone 118 are converted to electrical signals and sent
to a preamp and gain control circuit 128. The preamp and
gain control circuit 128 is controlled by an automatic gain
control circuit 136, which is in turn controlled by the
microcontroller 122. After being amplified by the preamp
128, the electrical signals enter the chip 120 and pass
through a multiplexer 130 and an analog to digital converter
(ADC) 132. The resulting digital signals pass through a
digital logic circuit 134 and enter microcontroller 122 for
speech recognition.

The audio processor chip 120 also includes a RAM 138
for short-term memory storage and a ROM 140, which
stores programs executed by the microcontroller 122 to
perform speech recognition and speech synthesis. The chip
120 operates at a clock speed determined by a crystal 126.
The chip 120 also includes a clock 84 that provides the
current date and time to the microcontroller 122. As in the
preferred embodiment, the apparatus 27 includes an LED
74, display driver 82, modem 86, and device interface 90, all
of which are connected to the microcontroller 122.
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The operation of the second embodiment is similar to the
operation of the preferred embodiment except that queries,
response choices, and prompts are audibly communicated to
the patient through the speaker 72 rather than being dis-
played to the patient on the display 64. The operation of the
second embodiment also differs from the operation of the
preferred embodiment in that responses to the queries and
prompts are received through the microphone 118 rather
than through user input buttons.

The script programs of the second embodiment are similar
to the script program shown in FIGS. 6A—6B, except that
each display command is replaced by a speech synthesis
command and each input command is replaced by a speech
recognition command. The speech synthesis commands are
executed by the microcontroller 122 to synthesize the
queries, response choices, and prompts through speaker 72.
The speech recognition commands are executed by the
microcontroller 122 to recognize responses spoken into
microphone 118.

For example, to ask the patient how he or she feels and
record a response, the microcontroller 122 first executes a
speech synthesis command to synthesize through the
speaker 72 “How do you feel? Please answer with one of the
following responses: very bad, bad, good, or very good.”
Next, the microcontroller 122 executes a speech recognition
command to recognize the response spoken into the micro-
phone 118. The recognized response is stored in the memory
80 and subsequently transmitted to the server. Other than the
differences described, the operation and advantages of the
second embodiment are the same as the operation and
advantages of the preferred embodiment described above.

Although the first and second embodiments focus on
querying individuals and collecting responses to the queries,
the system of the invention is not limited to querying
applications. The system may also be used simply to com-
municate messages to the individuals. FIGS. 1619 illustrate
a third embodiment in which the system is used to perform
this automated messaging function. In the third embodiment,
each script program contains a set of statements to be
communicated to an individual rather than a set of queries to
be answered by the individual. Of course, it will be apparent
to one skilled in the art that the script programs may
optionally include both queries and statements.

The third embodiment also shows how the queries and
statements may be customized to each individual by merg-
ing personal data with the script programs, much like a
standard mail merge application. As mentioned above, the
individual may be identified for selection of individualized
information either through an individual identification code
associated with the remote apparatus 26 and stored in
memory 80. Referring to FIG. 16, personal data relating to
each individual is preferably stored in the look-up table 46
of the database 38. By way of example, the data may include
each individual’s name, the name of each individual’s
physician, test results, appointment dates, or any other
desired data. As in the preferred embodiment, the database
38 also stores generic script programs 40 created by the
script generator 50.

The server 18 includes a data merge program 55 for
merging the data stored in table 46 with generic script
programs 40. The data merge program 55 is designed to
retrieve selected data from table 46 and to insert the data into
statements in generic script programs 40, thus creating
custom script programs 41. Each custom script program 41
contains statements that are customized to an individual. For
example, the statements may be customized with the indi-
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vidual’s name, test results, etc. Examples of such custom-
ized statements are shown in FIGS. 17-18.

The operation of the third embodiment is similar to the
operation of the preferred embodiment except that the script
programs are used to communicate messages to the indi-
viduals rather than to query the individuals. Each message is
preferably a set of statements. Referring to FIG. 19, the
statements may be entered in the server 18 through the script
entry screen 56, just like the queries of the preferred
embodiment.

Each statement preferably includes one or more insert
commands specifying data from table 46 to be inserted into
the statement. The insert commands instruct the data merge
program 55 to retrieve the specified data from the database
38 and to insert the data into the statement. For example, the
insert commands shown in FIG. 19 instruct the data merge
program 55 to insert a physician name, an appointment date,
a patient name, and a test result into the statements. As in the
preferred embodiment, each statement may also include one
or more response choices, which are entered in fields 96.

Following entry of the statements and response choices,
CREATE SCRIPT button 102 is pressed. When the button
102 is pressed, the script generator 50 generates a generic
script program from the information entered in the screen
56. The generic script program is similar to the script
program shown in FIGS. 6A—6B, except that the display
commands specify statements to be displayed rather than
queries. Further, the statements include insert commands
specifying data to be inserted into the script program. As in
the preferred embodiment, multiple script programs are
preferably generated, e.g. a generic script program for
diabetes patients, a generic script program for asthma
patients, etc. The generic script programs are stored in the
database 38.

Following generation of the generic script programs, the
server 18 receives script assignment information entered
through the script assignment screen 57. As shown in FIG.
7, the script programs are assigned by first selecting one of
the generic script programs through the check boxes 106,
selecting individuals through the check boxes 108, and
pressing the ASSIGN SCRIPT button 112. When the button
112 is pressed, the data merge program 55 creates a custom
script program 41 for each individual selected in check
boxes 108.

Each custom script program 41 is preferably created by
using the selected generic script program as a template. For
each individual selected, the data merge program 55
retrieves from the database 38 the data specified in the insert
commands. Next, the data merge program 55 inserts the data
into the appropriate statements in the generic script program
40 to create a custom script program 41 for the individual.
Each custom script program 41 is stored in the database 38.

As each custom script program 41 is generated for an
individual, the script assignor 52 assigns the script program
41 to the individual. This is preferably accomplished by
creating a pointer to the custom script program and storing
the pointer with the individual’s unique identification code
in the table 46. When the individual’s remotely program-
mable apparatus connects to the server 18, the server 18
receives from the remotely programmable apparatus 26 the
individual’s unique identification code. The server 18 uses
the unique identification code to retrieve from the table 46
the pointer to the custom script program assigned to the
individual. Next, the server 18 retrieves the assigned script
program from the database 38 and transmits the script
program to the individual’s remotely programmable appa-
ratus 26 through the communication network 24.
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The apparatus receives and executes the script program.
The execution of the script program is similar to the execu-
tion described in the preferred embodiment, except that
statements are displayed to the individual rather than que-
ries. FIGS. 17-18 illustrate two sample statements as they
appear on the display 64. Each statement includes a response
choice, preferably an acknowledgment such as “OK”. After
reading a statement, the individual presses the button
70A-D corresponding to the response choice to proceed to
the next statement. Alternatively, the script program may
specify a period of time that each statement is to be
displayed before proceeding to the next statement. The
remaining operation of the third embodiment is analogous to
the operation of the preferred embodiment described above.

Although it is presently preferred to generate a custom
script program 41 for each individual as soon as script
assignment information is received for the individual, it is
also possible to wait until the individual’s apparatus 26
connects to the server 18 before generating the custom script
program 41. This is accomplished by creating and storing a
pointer to the generic script program 40 assigned to the
individual, as previously described in the preferred embodi-
ment. When the individual’s apparatus 26 connects to the
server 18, the data merge program 55 creates a custom script
program 41 for the individual from the generic script pro-
gram 40 assigned to the individual. The custom script
program 41 is then sent to the individual’s apparatus 26 for
execution.

Alternate Embodiments

In an alternate embodiment, when the user or patient (the
terms user and patient are used interactively) activates the
user input button 70E (hereinafter the red button) a com-
mand signal is sent to the processor 76. The processor 76
dial a preset phone number according to the command
signal. The preset phone number is that of an answering
service at the server 18 or at a workstation 20. The answer-
ing service identifies the patient or user associated with the
remote apparatus 26 that generated the call based on an
identifier sent with the call and user information stored in
memory in the database (similar to caller ID). The system
(server 18 or workstation 20) that receives the call then
retrieves patient information with previous patient/user
responses stored at the server’s database 38, within memory
at the workstation 20, or at some other remotely located
storage site. The retrieved patient information is displayed to
a live person who is in telephonic communication with the
patient. This allows the patient to be placed in immediate
contact with a person who has displayed before them the
patient’s personal health information or other patient his-
torical information. The person receiving the call provides
effective communication with the patient, because of the
ability to view pertinent information.

In an alternate embodiment, an automated answering
service is the recipient of the call made by the remote
apparatus 26. The automated answering service asks a series
of questions according to the retrieved patient information in
order to triage the patient toward different actions depending
upon the situation. The patient information also includes
previous patient interactions with the automated answering
service.

The system receiving the call process patient responses
according to the content associated with the question asked.
Content is one of the following categories: symptoms;
behavior; knowledge. The categories include such things as
requests for service or product orders. In one example, the
automated answering service asks “do you have difficulty
breathing? press the red button if you are.” If the patient then
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presses the red button, the call is forwarded to a case
manager or a nurse on call.

In another example, red button selection is associated
with a request for service. When the red button is pressed,
the automated answering service asks “do you need some-
one to change your bed? press the red button if yes.” If the
patient presses the red button, a home care agency coordi-
nating ancillary daily activity services is notified or is
forwarded the call. Other service companies, such as trans-
port companies or concierge service companies, are other
possible recipients of forwarded calls depending what
actions are available to the patients.

The automated answering service is dynamically adapt-
able based on previous interactions with the automated
answering service. For example, the past couple of times
the patient activated the red button and answered the
question(s), the patient was connected to an emergency
health care worker. If the worker determined through review
questions of the patient’s present condition, maybe infor-
mation generated by the monitoring device sent over the
network 24 to a workstation operated by the worker, and
retrieved patient information that no emergency existed, the
worker records this situation into the patient’s records. If the
patient’s record includes a number of false alarms that
exceed a predetermined limit over a period of time, the
automated answering service reprograms itself so that the
next time the patient activates the red button the patient is
directly connected to a live person that is designated for
non-emergency patient interaction or to other questions that
direct the patient to the person designated for non-
emergency patient interaction. This frees-up emergency
healthcare workers from dealing with someone who has a
history of not needing their expertise.

FIGS. 20 and 21 illustrate alternate embodiments of the
invention illustrated in FIG. 1. In FIG. 20, the remote
apparatus 26 is a personal computer including a processor
and a user interface, e.g. display, keyboard, mouse, or other
input and output devices (not all shown), that receives the
script program, processes the script program and presents
the script program for user interaction. For example, the
script program requires that the personal computer present
an image of a stand-alone remote apparatus 350, such as the
Health Buddy™ produced by Health Hero Network, Inc., on
the display. The user then interacts with the displayed image
of the stand-alone remote apparatus by operating the user
interface(s) of the personal computer to select displayed
responses. The displayed image of the stand-alone remote
apparatus presents a virtual image with the same function-
ality as the apparatuses 26 and 27, as described above in
FIGS. 3 and 13. It can be appreciated to those of ordinary
skill in the art that the system of FIG. 20 provides all or part
of the functionality of the apparatuses shown in FIGS. 3 and
13, but does it on a personal computer.

FIG. 21 includes all the components of the FIG. 1 and a
digital television network 36 in communication with the
server 18 and the remote apparatus 26. The remote apparatus
26 of FIG. 21 is an interactive television system that
includes a processing unit 33, such as a satellite broadcast
receiving, set-top processor with OpenTV signal processing
software, a display 34, such as a television set, and a user
interface 35, such as a remote control.

The remote apparatus 26, through the processing unit 33,
is coupled to the communication network 24, the digital
television network 36 and the monitoring device 28.

The processing unit 33 includes a CPU, memory and
embedded software for receiving and processing both digital
entertainment and advertisement content and digital script
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programs. Also, the processing unit 33 allows the user to
view the entertainment and advertisement content, such as
television programming, and interact with (i.e. respond to)
the script programs. The script program(s) sent from the
server 18 are viewable on the display 34 as they would
appear on the display 64 of apparatus 26 or are viewed on
a portion of the display 34. For example, the question with
options shown in FIG. 8 would appear on the display 34. The
user makes a selection of one of the choices by using the user
interface 35, i.e. giving voice commands that are processed
by a voice recognition system, controlling and activating a
cursor, etc. Example methods of making a selection are to
control a cursor icon on the display screen of the display 34
and activate the cursor icon when it is co-located with one
of the choices, to assign different keyboard keys are desig-
nated as a different one of the displayed choices. Another
method is to have the user interface include voice actuation
software for processing user voice commands that request
selection of a desired choice.

With respect to this invention, a “broadcast” includes any
form of delivering the content from a source to many
viewers, including transmission over the airwaves or via
cable, the Internet, a closed-circuit network, or other means
of communication. A “broadcast” does not require multiple
persons to watch at once, but rather can include multiple
individual and independent viewings, such as in the form of
video on demand or access to web pages. Moreover, the term
“broadcast” may include a single tailored transmission from
a source to a single intended viewer. Accordingly, while a
“broadcast” may include a transmission from one point to
multiple recipients, it is not limited to that case. Likewise,
with respect to this invention, a “broadcast” is “transmitted”
in any of the above forms.

The processing unit 33 is a multimedia processor that
receives transmitted broadcast programs from a digital
broadcast network 36 via a communication link, such as a
satellite or cable link. The processing unit 33 also transmits
as well as receives data via the communication network 24.
In addition, the multimedia processor has expansion ports to
support additional user interface and other devices, such as
keyboards, joysticks, trackballs, and to accept add-on cir-
cuits for enhanced sound, video, or processing performance.

FIG. 22 is an example for illustrative purposes only of a
method for increasing user use of script programs by allow-
ing the user to quickly access the script program during
viewing of an entertainment or advertisement program in an
interactive TV system. FIG. 22 illustrates a process per-
formed by the system shown in FIG. 21. At block 400, the
server 18 generates an interactive script program. In an
alternate embodiment, the script program is fully or partially
created at another remotely coupled computer, such as
workstation 20, and added to multimedia content, then the
script program and multimedia content is sent to the server
18 In one embodiment, the script program is specialized for
a specific user according to a health care professional
request or to a predefined health regimen based on user
profile information. In an alternate embodiment the script
program is generated in relation to entertainment or adver-
tisement content that it will later be broadcasted with. Next,
at block 402, the generated script program is combined with
digital produced entertainment or advertisement content, i.e.
a multimedia presentation, to create digital broadcast pro-
gramming. The digital broadcast programming is then
broadcasted or transmitted over the chosen communication
link, block 406. At block 408, the processing unit 33
receives and processes the digital broadcast programming
then presents the entertainment or advertisement content and
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the script program. The processing unit 33 as directed by
software instructions previously imbedded in the processing
unit 33, included with the digital broadcast programming or
a combination of both processes the digital broadcast pro-
gramming by determining its content and how that content
is to be presented on the display 34. For example, the
processing unit 33 determines if the script program is to be
referenced by an icon over the entertainment content or
displayed on a portion of the display with the entertainment
content. As part of the presentation from block 408 the user
is informed of any script program included in the broadcast
programming, block 410. Then, at block 426, the user is
presented with the script program after the user selects or
activates the indication, e.g. an icon. Lastly, at block 428, the
user interacts with the script program by responding to any
queries and inputting any requested measurements or other
responses. The interaction with the script program is similar
to that described above for the system of FIG. 1. In another
embodiment, the script program is presented in conjunction
with the entertainment or advertisement content without
requiring the user to select or activate an indicator.

FIGS. 23 and 24 are example images presented on the
displays 34 in the system illustrated in FIG. 22. FIG. 23
illustrates a screen shot of a broadcast program 250 that
includes entertainment content 252, such as a video program
on heart surgery, and an icon 254. The icon 254 indicates
that a script program is available for the viewer. In order for
the viewer to access the script program, the viewer selects
the icon 254. The program broadcasted from the broadcast
network 24 may have included an entire script program or
just a portion of a script program. If the entire script program
were included with the broadcast, selection of the icon 254
would begin execution of the script program that was
received. However, if only a portion of the script program
was received and, for example, that portion only required
that the icon 254 be displayed with the entertainment content
252, selection of the icon 254 sends a signal through a back
channel, i.e. the link to the communication network 24, to
the server 18. The sent signal is a request for the rest of or
just more of the script program to be sent to the apparatus 26
either through broadcast network 36 or communication
network 24.

FIG. 23 illustrates a screen shot of a broadcast program
250 that includes entertainment content 252 and a section
that presents a script program image 256. In this example the
viewer can interact with the script program image 256 while
simultaneously viewing the entertainment content 252. As in
FIG. 22 above, the script program may be fully or partially
received and processed by the processing unit 33. And again,
if it has only been partially received, viewer interaction at a
predetermined spot in the displayed interaction process
automatically initiates a request through the back channel to
the server 18 for the rest of the script program.

Because the broadcast program 250 is a digital broadcast,
it can be readily appreciated by those of ordinary skill in the
art of digital interactive television, that the entertainment
content may be paused until viewer completion of the script
program. The script program which can be sent with an
initial broadcast program or during presentation of a previ-
ously delivered broadcast program that is being presented on
the display may also include instructions to pause the
entertainment content until viewer completion of the script
program at which time the entertainment program resumes.
For example, the viewer’s/patient’s doctor creates a message
at the workstation 20 requesting that the patient as soon as
possible send blood pressure measurement readings. This
message is generated as a new script program at the server
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18. The server 18 then sends the new script program to the
broadcast network 36. The broadcast network 36 includes
hardware and/or software mechanisms for saving the new
script program for inclusion with the next patient requested
entertainment or advertisement content to be sent to the
patient in the case where the patient is not presently viewing
a broadcast from the broadcast network 36 or for just
broadcasting the script program alone. If the patient is
presently viewing entertainment or advertisement content
received from the broadcast network 36, the new script
program is received, processed and presented to the patient
by the apparatus 26. The received new script program may
include instructions to pause the presently viewed entertain-
ment or advertisement content.

If the script program is specified for a particular patient,
the server 18 or broadcast network 36 encodes the script
program for that patient. The apparatus of that patient
includes a decoding component within the processing unit
33 for decoding the encoded script program received with
the broadcast program. For example, the script program
includes a weight history chart of the patient. The present
invention wants only the patient corresponding to this
weight history chart to have viewing access. Therefore, it is
encoded for transmission and encoded only by the corre-
sponding patient’s apparatus 26.

It can be appreciated to one of ordinary skill in the art that
this decision, as with the other flow diagram decisions, can
be an inherent decision in the processing of the received
entertainment/advertisement programming and script pro-
gram.

The embodiments of FIGS. 20 and 21 may also be
implemented without any entertainment or advertisement
content and perform the functions as to those that illustrated
and described for FIG. 1.

The script programs or entertainment/advertisement pro-
gramming can be designed for education and training of
users. For example, the script program or information con-
tent could show a user, such as a patient, how to effectively
use a medical treatment device. Also, the script program or
information content could describe to users, such as doctors,
nurses or anyone other professional, different treatment
styles, plans or new medication.

Awide variety of information may be collected, delivered
and analyzed in accordance with the present invention. For
example, abandoned U.S. patent application Ser. No.
09/378,188 which is a continuation of U.S. Pat. No. 5,985,
559, and unassigned U.S. patent application which is a
continuation of U.S. patent application Ser. No. 09/041,809
(the text of which are hereby incorporated by reference)
discusses information related to disease causes, treatments,
and cures. Script programs include a set of queries for
requesting data on lifestyle, environment, behavior, drug
compliance, drug response over time, and other aspects. This
data is then analyzed to identify trends and establish sub-
groups with similar responses.

Individuals’ behavioral and environmental information in
conjunction with their gene sequence information is ana-
lyzed to find drug candidates and drug targets. Individuals
previously designated as having a high risk for developing
a particular disease are each given an apparatus 26. Queries
related to the individuals’ behavior and environment are
included in a script program sent from a server 18 to the
apparatus 26 or from a server 18 to the apparatus 26 through
a broadcast network 36. The individuals’ responses are sent
back to the server 18. The process of collecting individuals’
information can take place over a long period of time to
ensure accurate data and to allow researchers to observe
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progression of the disease. A data mining program on the
server analyzes the individuals’ behavioral and environmen-
tal information, as well as their gene sequence information.
Differences in gene sequence information, or in behavioral
and environmental factors between individuals who show a
severe disease phenotype and those who show a mild severe
disease phenotype can then be distinguished and used to
develop new drug candidates, targets, or general treatments.

Genetic testing allows an individual to determine whether
or not he or she has a predisposition to a certain disease. The
degree of expressivity of a certain disease will be deter-
mined in part by an individual’s environment and lifestyle.
The environment and lifestyle information is retrieved from
responses to queries sent from the server 18 to the apparatus
26 or from the server 18 to the apparatus 26 through the
broadcast network 36. The present invention interprets a
patient’s gene sequence information and his or her environ-
ment and lifestyle to come up with a personalized prognosis.
This procedure can be repeated many times over the course
of a disease state to monitor a patient’s condition. In
addition, disease-causing pathogens can also have their
genes sequenced. Using these sequences in combination
with information about a patient’s environment and lifestyle,
the present invention comes up with a personalized treat-
ment plan, ideally to eliminate the pathogen. It is also
possible to use the procedure described above to monitor the
course of the disease-state produced by a pathogen. Finally,
a genotype-to-phenotype map or database can be con-
structed for developing better treatments and aiding in
research.

Although the above description contains many
specificities, these should not be construed as limitations on
the scope of the invention but merely as illustrations of some
of the presently preferred embodiments. Many other
embodiments of the invention are possible. For example, the
scripting language and script commands shown are repre-
sentative of the preferred embodiment. It will be apparent to
one skilled in the art many other scripting languages and
specific script commands may be used to implement the
invention.

Moreover, the invention is not limited to the specific
applications described. The system and method of the inven-
tion have many other applications both inside and outside
the healthcare industry. For example, pharmaceutical manu-
facturers may apply the system in the clinical development
and post marketing surveillance of new drugs, using the
system as an interactive, on-line monitoring tool for collect-
ing data on the efficacy, side effects, and quality of life
impact of the drugs. Compared to the current use of labor-
intensive patient interviews, the system provides a fast,
flexible, and cost effective alternative for monitoring the use
and effects of the drugs.

The system may also be used by home healthcare com-
panies to enhance the service levels provided to customers,
e.g. panic systems, sleep surveillance, specific monitoring of
disease conditions, etc. Alternatively, the system may be
used to monitor and optimize the inventory of home-
stationed health supplies. As an example, the system may be
connected to an appropriate measuring device to optimize
timing of oxygen tank delivery to patients with chronic
obstructive pulmonary disease (COPD).

The system and method of the invention also have many
applications outside the healthcare industry. For example,
the system may be used for remote education over the
Internet, facilitating educational communication with chil-
dren or adult trainees who lack access to sophisticated and
expensive computer equipment. The system may also be
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used by law enforcement officers to perform on-line surveil-
lance of individuals on probation or parole.

In an alternate embodiment, the software and hardware
components of any one of the remote apparatuses 26 or 27
are incorporated directly into a monitoring device. This
allows a patient to only have to interact with one device for
their entire health monitoring needs.

Further, the invention has numerous applications for
gathering data from remotely located devices. For example,
the system may be used to collect data from smart
appliances, such as identification check systems. Examples
of appliances that are used as smart appliances are
refrigerator, telephone, stove, clock radio, VCR, or any other
electrical or non-electrical device including the monitoring
device 28. The smart appliance includes some or all of the
components of the remote apparatuses 26 or 27 as illustrated
in FIGS. 4 and 15. The smart appliance with the necessary
hardware or software components provides all the interac-
tive capabilities described and shown for remote apparatuses
26 or 27, see FIGS. 8-12,14,17 and 18. In one embodiment,
the assigned scripts are in the form of a recorded voice that
is sent over the communication network (e.g. voice over IP)
to the appliance or remote apparatus. Also, the user responds
to the voice scripts through activation of buttons according
to instructions in the voice scripts or by verbally responding
to the voice scripts. The verbal responses by the user are sent
to the server or workstation over the communication net-
work (e.g. voice over IP). The server or workstation includes
a voice recognition component for interpreting the user’s
verbal responses, records the response and determines the
next question or request (verbal or otherwise) to be sent to
the user according to the responses. Live voice communi-
cation is also possible between the remote apparatus and the
server or workstation over the communication network.

Also, the monitoring device includes a communication
component for allowing the monitoring device to send data
directly to the server 18. The server 18 then sends the
monitoring device data to the patient’s smart appliance for
display to the patient. In an alternate additional setup, the
monitoring device sends the data to the smart apparatus.

Alternatively, the system may be applied to the remote
monitoring of facilities, including safety and security
monitoring, or to environmental monitoring, including pol-
lution control and pipeline monitoring. Many other suitable
applications of the invention will be apparent to one skilled
in the art.

Therefore, the scope of the invention should be deter-
mined not by the examples given, and their legal equiva-
lents.

What is claimed is:

1. A system for remotely monitoring an individual, the
system comprising:

(a) a remote apparatus for interacting with the individual;

(b) a server system including

(1) a script generator for generating a script program
from a set of health related queries, the script pro-
gram being executable at the remote apparatus to
communicate the set of queries to the individual; and

(ii) a database for storing the the queries, the responses
to the queries, and details of the individual;

wherein the remote apparatus includes:

(1) a communication component for receiving the script
program from the server and for transmitting the
responses to the server;

(i) a user interface having an audio transducer for
audibly notifying the individual and a display, and

a processor connected to the user interface for execut-
ing the script program to cause presentation on the
display of queries to the individual.
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2. The system of claim 1, wherein the system is config-
ured to receive script information from a health care pro-
vider.

3. The system of claim 2, wherein the system is config-
ured for audibly notifying the individual when unanswered
queries are stored at the remote apparatus.

4. The system of claim 1, wherein the system is config-
ured to transmit the script program to the remote apparatus
during a first communication link, and a response to at least
one query at the central computer through a subsequent
communication link.

5. The system of claim 1, wherein the system is config-
ured to transmit at least one script program to the remote
apparatus and to receive a response to at least one query
wherein the system is configured to transmit at least one
script to the remote apparatus and to receive a response to at
least one query in the same on-line session in the same
on-line session.

6. A method for remotely monitoring an individual com-
prising:

generating a script program from a set of queries

sending the generated script program to a remote
apparatus,

executing the script program at the apparatus to cause
communication of at least one of the set of health
related queries to the individual;

receiving responses to at least one of the communicated
queries from the individual;

transmitting the received responses to a central system;
and

storing the transmitted responses and details of the indi-

vidual at the server system.

7. The method of claim 6, further comprising providing
health related service to the individual.

8. The method of claim 6, further comprising audibly
notifying the individual when unanswered queries are stored
at the remote apparatus.

9. An apparatus for remotely monitoring an individual,
apparatus comprising:

a communication component for receiving a script pro-

gram from a server wherein the script program repre-
sents a set of health related queries;

a user interface including display and an audio transducer
for audibly notifying the individual; and

a processor for executing the script program to cause
communication of at least one of the set of queries to
the individual

wherein the apparatus is configured to
receive responses to the set of queries from the indi-
vidual and to transmit the responses to the server;
and
for connection to a monitoring device.

10. The apparatus of claim 9, wherein the monitoring
device is one of the set of monitoring devices consisting of
a blood glucose meter, a peak flow meter, and an EKG and
wherein the apparatus is configured to receive at least one
reading from at least one of the monitoring devices and to
transmit the reading to the central computer.

11. The apparatus of claim 9, wherein the wherein the
apparatus further comprises input buttons configured for use
by the individual being queried to enter the responses to
queries displayed on the display.

12. The apparatus of claim 9, further comprising a script
interpreter that can be programmed during a connection with
a central computer.
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13. The apparatus of claim 9, wherein the apparatus is
configured to receive the script program from a central
computer system during a first communication link, and
transmit a response to at least one query to the central
computer system through a subsequent communication link.

14. The apparatus of claim 9, wherein the apparatus is
configured to receive the script program from a central
computer system and to transmit a response to at least one
query in the same on-line session.

15. A system for remotely querying an individual, the
system comprising:

a. a central computer;

b. a script generator configured to generate at least one

seript;

¢. a remote apparatus associated with the individual to be

queried;

d. a communication link

i. over which communication can be established
between the central computer and the remote appa-
ratus and

ii. over which the generated script can be transmitted to
the remote apparatus;

e. a display associated with the individual to be queried;

and

f. a script interpreter configured

1. to interpret a script communicated over the commu-
nications link and

ii. to cause display of at least one query related to a
health condition of the individual on the display.

16. The system of claim 15 further comprising at least one
workstation

a. in communication with the central computer, and

b. configured for entering a set of queries to be answered

by the individual.

17. The system of claim 15, wherein the display includes
at least one response choice for at least one of the queries.

18. The system of claim 17, wherein the script includes at
least one program for execution at the remote apparatus.

19. The system of claim 18, wherein the script program
further includes display commands to cause display of a
plurality of queries and at least one response choice for at
least one of the queries.

20. The system of claim 19, wherein the script program
further includes a connection command to establish the
communication with the central computer at a prescribed
connection time and to transmit the at least one response to
at least one query to the central computer over the commu-
nication link.

21. The system of claim 19, further comprising

a. a plurality of remote apparatuses each configured for

remotely querying a corresponding associated

individual,

wherein the system is configured to

assign to each of the apparatuses at least one script
program and

to transmit to each of the apparatuses any script pro-
gram assigned to the apparatus.

22. The system of claim 21, wherein

a the central computer includes a plurality of sets of

queries and corresponding response choices and

b. the script generator is configured to generate a plurality

of script programs from the sets of queries and response

choices.

23. The system of claim 22, wherein each of the script
programs corresponds to a respective one of the sets of
queries and response choices.
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24. The system of claim 18, wherein the script interpreter
is programmable during a connection with the central com-
puter.

25. The system of claim 18, wherein the system further
comprises at least one database for storing

a. script programs,

b. a list of the individuals, and

c. a respective pointer to the script program assigned to
each individual.

26. The system of claim 25, wherein the database includes

a look-up table.

27. The system of claim 26, wherein the system is
configured to

a. receive an identification code associated with an
individual,

b. use the received identification code to retrieve from the
look-up table the pointer to the script assigned to the
individual, and

c. cause the retrieved script to be transmitted to the
relevant individual apparatus.

28. The system of claim 17, wherein

a. the remote apparatus is configured to receive responses
to at least one of the queries and

b. the system is configured to cause the responses to be
transmitted to the central computer.

29. The system of claim 17, wherein the system is

configured to transmit

a. the script to the remote apparatus during a first com-
munication link, and

b. a response to at least one query to the central computer
through a subsequent communication link.

30. The system of claim 17, wherein the system is
configured to transmit at least one script to the remote
apparatus and to receive a response to at least one query in
the same on-line session.

31. The system of claim 17, wherein the apparatus
includes input buttons configured for use by the individual
being queried to enter the responses to queries displayed on
the display.

32. The system of claim 17, further comprising a plurality
of remote apparatuses each configured for remotely query-
ing a corresponding associated individual.

33. The system of claim 32, wherein the system is
configured to assign to each of the individuals at least one
script.

34. The system of claim 17, further comprising at least
one of the set of monitoring devices consisting of

a. a blood glucose meter,

b. a peak flow meter, and

c. an EKG
and wherein the system is configured to receive at least one
reading from at least one of the monitoring devices and to
transmit the reading to the central computer.

35. The system of claim 17, further comprising at least
one of an audio transducer and an LED for notification to the
individual to be monitored.

36. The system of claim 17, wherein the system is
configured to use the at least one script to generate a survey.

37. A method for remotely querying an individual, the
method comprising:

generating at least one script;

establishing a communications link between a central
computer and a remote apparatus;

transmitting the generated script to the remote apparatus
via the communication link;
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interpreting the script communicated over the communi-
cations link; and

causing the display of at least one query related to a health
condition of the individual on the display, the display
being associated with the individual.

38. The method of claim 37, further comprising config-
uring at least one workstation for entering a set of queries to
be answered by the individual, the workstation being opera-
tively in communication with the central computer.

39. The method of claim 37, wherein the display includes
at least one response choice for at least one of the queries.

40. The method stem of claim 39, wherein the script
includes at least one program for execution at the remote
apparatus.

41. The method of claim 40, wherein the script program
further includes display commands to cause display of a
plurality of queries and at least one response choice for at
least one of the queries.

42. The method of claim 41, wherein the script program
further includes a connection command to establish the
communication with the central computer at a prescribed
connection time and to transmit the at least one response to
at least one query to the central computer over the commu-
nication link.

43. The method of claim 39, further comprising:

receiving responses to at least one of the queries at the
remote apparatus; and

causing the responses to be transmitted to the central

computer.

44. The method of claim 40, which comprises program-
ming the script interpreter during a connection with the
central computer.

45. The method of claim 41, further comprising

remotely querying a corresponding associated individual

via a plurality of remote apparatuses;

assigning to each of the apparatuses at least one script

program; and

transmitting to each of the apparatuses any script program

assigned to the apparatus.

46. The method of claim 45, further comprising:

providing at the central computer a plurality of sets of

queries and corresponding response choices; and
generating a plurality of script programs from the sets of
queries and response choices.

47. The method of claim 46, wherein each of the script
programs corresponds to a respective one of the sets of
queries and response choices.

48. The method of claim 39, further comprising:

transmitting the script to the remote apparatus during a

first communication link; and

responding to at least one query to the central computer

through a subsequent communication link.

49. The method of claim 39, further comprising:

transmitting at least one script to the remote apparatus;

and

receiving a response to at least one query in the same

on-line session.

50. The method of claim 39, which includes entering
responses to queries displayed on the display using input
buttons configured for use by the individual being queried.

51. The method of claim 39, further comprising remotely
querying a corresponding associated individual associated
with one of a plurality of remote apparatuses.

52. The method of claim 51, further comprising assigning
to each of the individuals at least one script.
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53. The method of claim 39, further comprising storing in
at least one database:

a. script programs,

b. a list of the individuals, and

c. a respective pointer to the script program assigned to

each individual.

54. The method of claim 53, wherein the database
includes a look-up table.

55. The method of claim 54, further comprising:

receiving an identification code associated with an

individual,

using the received identification code to retrieve from the

look-up table the pointer to the script assigned to the
individual; and

causing the retrieved script to be transmitted to the

relevant individual apparatus.

56. The method of claim 39, further comprising monitor-
ing using at least one of the set of monitoring devices
consisting of:

a blood glucose meter,

a peak flow meter, and

an EKG
and wherein the method further comprises receiving at least
one reading from at least one of the monitoring devices and
transmitting the reading to the central computer.

57. The method of claim 39, further comprising notifying
the individual to be monitored using at least one of an audio
transducer and an LED.

58. The method of claim 39, further comprising using the
at least one script to generate a survey.

59. Remote apparatus for use in the method of claim 37.

60. A central computer for use in the method of claim 37.

61. A computer program product for executing a set of
instructions that, when executed by computer device, cause
the computer device to:

generate at least one script;

establish a communications link between a central com-

puter and a remote apparatus;

transmit the generated script to the remote apparatus via

the communication link;

interpret the script communicated over the communica-

tions link; and

cause the display of at least one query related to a health

condition of an individual on the display, the display
being associated with the individual.

62. The computer program product of claim 61, which
configures at least one workstation for entering a set of
queries to be answered by the individual, the workstation
being operatively in communication with the central com-
puter.

63. The computer program product of claim 61, which
configures the display to include at least one response choice
for at least one of the queries.

64. The computer program product stem of claim 63,
wherein the script includes at least one program for execu-
tion at the remote apparatus.

65. The computer program product of claim 64, wherein
the script program further includes display commands to
cause display of at least one of a plurality of queries and at
least one response choice for at least one of the queries.

66. The computer program product of claim 65, wherein
the script program further includes a connection command
to establish the communications link with the central com-
puter at a prescribed connection time and to transmit the at
least one response to at least one query to the central
computer over the communication link.
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67. A system for remotely querying an individual, the means for interpreting the script communicated over the
system comprising: communications link; and
means for generating at least one script; means for causing the display of at least one query related
means for establishing a communications link between a to a health condition of the individual on the display,
central computer and a remote apparatus; : the display being associated with the individual.

means for transmitting the generated script to the remote
apparatus via the communication link; k% & %
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SYSTEM AND METHOD FOR MONITORING
USER-RELATED DATA FROM A PERSON

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of application Ser. No.
10/605,547 filed on Oct. 7, 2003, currently pending, which
is a Continuation of application Ser. No. 09/237,194, filed on
Jan. 26, 1999, currently pending, which is a Continuation of
application Ser. No. 08/481,925, filed on Jun. 7, 1995, now
U.S. Pat. No. 5,899,855, which is a Continuation of appli-
cation Ser. No. 08/233,397, filed on Apr. 26, 1994, now
abandoned, which is a Continuation-in-Part of application
Ser. No. 07/977,323, filed Nov. 11, 1992, now U.S. Pat. No.
5,307,263. The contents of these applications are incorpo-
rated by reference herein, in their entirety.

BACKGROUND OF INVENTION

Controlling or curing conditions of ill health generally
involves both establishing a therapeutic program and moni-
toring the progress of the afflicted person. Based on that
progress, decisions can be made as to altering therapy to
achieve a cure or maintain the affliction or condition at a
controlled level. Successtully treating certain health condi-
tions calls for rather frequent monitoring and a relatively
high degree of patient participation. For example, in order to
establish and maintain a regimen for successful diabetes
care, a diabetic should monitor his or her blood glucose level
and record that information along with the date and time at
which the monitoring took place. Since diet, exercise, and
medication all affect blood glucose levels, a diabetic often
must record data relating to those items of information along
with blood glucose level so that the diabetic may more
closely monitor his or her condition and, in addition, can
provide information of value to the healthcare provider in
determining both progress of the patient and detecting any
need to change the patient’s therapy program.

Advances in the field of electronics over the past several
years have brought about significant changes in medical
diagnostic and monitoring equipment, including arrange-
ments for self-care monitoring of various chronic condi-
tions. With respect to the control and monitoring of diabetes,
relatively inexpensive and relatively easy-to-use blood glu-
cose monitoring systems have become available that provide
reliable information that allows a diabetic and his or her
healthcare professional to establish, monitor and adjust a
treatment plan (diet, exercise, and medication). More spe-
cifically, microprocessor-based blood glucose monitoring
systems are being marketed which sense the glucose level of
a blood sample that is applied to a reagent-impregnated
region of a test strip that is inserted in the glucose monitor.
When the monitoring sequence is complete, the blood glu-
cose level is displayed by, for example, a liquid crystal
display (LCD) unit.

Typically, currently available self-care blood glucose
monitoring units include a calendar/clock circuit and a
memory circuit that allows a number of blood glucose test
results to be stored along with the date and time at which the
monitoring occurred. The stored test results (blood glucose
level and associated time and date) can be sequentially
recalled for review by the blood glucose monitor user or a
health professional by sequentially actuating a push button
or other control provided on the monitor. In some commer-
cially available devices, the average of the blood glucose
results that are stored in the monitor (or the average of the
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results for a predetermined period of time, e.g., fourteen
days) also is displayed during the recall sequence. Further,
some self-care blood glucose monitors allow the user to tag
the test result with an “event code” that can be used to
organize the test results into categories. For example, a user
might use a specific event code to identify test results
obtained at particular times of the day, a different event code
to identify a blood glucose reading obtained after a period of
exercise, two additional event codes to identify blood glu-
cose readings taken during hypoglycemia symptoms and
hyperglycemia symptoms, etc. When event codes are pro-
vided and used, the event code typically is displayed with
each recalled blood glucose test result.

Microprocessor-based blood glucose monitoring systems
have advantages other than the capability of obtaining
reliable blood glucose test results and storing a number of
the results for later recall and review. By using low power
microprocessor and memory circuits and powering the units
with small, high capacity batteries (e.g., a single alkaline
battery), extremely compact and light designs have been
achieved that allow taking the blood glucose monitoring
system to work, school, or anywhere else the user might go
with people encountered by the user not becoming aware of
the monitoring system. In addition, most microprocessor-
based self-care blood glucose monitoring systems have a
memory capacity that allows the system to be programmed
by the manufacturer so that the monitor displays a sequence
of instructions during any necessary calibration or system
tests and during the blood glucose test sequence itself. In
addition, the system monitors various system conditions
during a blood glucose test (e.g., whether a test strip is
properly inserted in the monitor and whether a sufficient
amount of blood has been applied to the reagent impreg-
nated portion of the strip) and if an error is detected
generates an appropriate display (e.g., “retest”). A data port
may be provided that allows test results stored in the
memory of the microprocessor-based blood glucose moni-
toring system to be transferred to a data port (e.g., RS-232
connection) of a personal computer or other such device for
subsequent analysis.

Microprocessor-based blood glucose monitoring systems
are a significant advance over previously available self-care
systems such as those requiring a diabetic to apply a blood
sample to reagent activated portions of a test strip; wipe the
blood sample from the test strip after a predetermined period
of time; and, after a second predetermined period of time,
determine blood glucose level by comparing the color of the
reagent activated regions of the test strip with a color chart
supplied by the test strip manufacturer. Despite what has
been achieved, numerous drawbacks and disadvantages still
exist. For example, establishing and maintaining diabetic
healthcare often requires the diabetic to record additional
data pertaining to medication, food intake, and exercise.
However, the event codes of currently available micropro-
cessor blood glucose monitoring systems provide only lim-
ited capability for tagging and tracking blood glucose test
results according to food intake and other relevant factors.
For example, the event codes of currently available moni-
toring systems only allow the user to classify stored blood
glucose readings in a manner that indicates blood glucose
tests taken immediately after a heavy, light or normal meal.
This method of recording information not only requires
subjective judgment by the system user, but will not suffice
in a situation in which successfully controlling the user’s
diabetes requires the recording and tracking of relatively
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accurate information relating to food intake, exercise, or
medication (e.g., insulin dosage). An otherwise significant
advantage of currently available blood glucose monitoring
systems is lost when blood glucose test results must be
recorded and tracked with quantitative information relating
to medication, food intake, or exercise. Specifically, the
system user must record the required information along with
a time and date tagged blood glucose test result by, for
example, writing the information in a log book.

The use of event codes to establish subcategories of blood
glucose test results has an additional disadvantage or draw-
back. In particular, although alphanumeric display devices
are typically used in currently available microprocessor-
based blood glucose monitoring systems, the display units
are limited to a single line of information having on the order
of six characters. Moreover, since the systems include no
provision for the user to enter alphanumeric information,
any event codes that are used must be indicated on the
display in a generic manner, e.g., displayed as “EVENT 17,
EVENT 2” etc. This limitation makes the system more
difficult to use because the diabetic must either memorize his
or her assignment of event codes or maintain a list that
defines the event codes. The limited amount of data that can
be displayed at any one time presents additional drawbacks
and disadvantages. First, instructions and diagnostics that
are displayed to the user when calibrating the system and
using the system to obtain a blood glucose reading must be
displayed a line at a time and in many cases, the information
must be displayed in a cryptic manner.

The above-discussed display limitations and other aspects
of currently available blood glucose monitoring systems is
disadvantageous in yet another way. Little statistical infor-
mation can be made available to the user. For example, in
diabetic healthcare maintenance, changes or fluctuations that
occur in blood glucose levels during a day, a week, or longer
period can provide valuable information to a diabetic and/or
his or her healthcare professional. As previously mentioned,
currently available systems do not allow associating blood
glucose test results with attendant quantitative information
relating to medication, food intake, or other factors such as
exercise that affect a person’s blood glucose level at any
particular point in time. Thus, currently available blood
glucose monitoring systems have little or no capability for
the generating and display of trend information that may be
of significant value to a diabetic or the diabetic’s healthcare
professional.

Some currently available blood glucose monitoring sys-
tems provide a data port that can be interconnected with and
transfer data to a personal computer (e.g., via an RS-232
connection). With such a system and a suitable programmed
computer, the user can generate and display trend informa-
tion or other data that may be useful in administering his or
her treatment plan. Moreover, in such systems, data also can
be transferred from the blood glucose monitoring system to
a healthcare professional’s computer either directly or
remotely by telephone if both the blood glucose monitoring
system (or computer) to which the data has been down-
loaded and the healthcare professional’s computer are
equipped with modems. Although such a data transfer pro-
vision allows a healthcare professional to analyze blood
glucose data collected by a diabetic, this aspect of currently
available blood glucose monitoring systems has not found
widespread application. First, the downloading and subse-
quent analysis feature can only be used by system users that
have ready access to a computer that is programmed with
appropriate software and, in addition, have both the knowl-
edge required to use the software (and the inclination to do
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s0). This same problem exists with respect to data transfer to
(and subsequent analysis by) a healthcare professional.
Moreover, various manufacturers of systems that currently
provide a data transfer feature do not use the same data
format. Therefore, if a healthcare professional wishes to
analyze data supplied by a number of different blood glucose
monitoring systems, he or she must possess software for
each of the systems and must learn to conduct the desired
analyses with each software system.

The above-discussed disadvantages and drawbacks of
microprocessor-based self-care health monitoring systems
take on even greater significance with respect to children
afflicted with diabetes, asthma and other chronic illnesses. In
particular, a child’s need for medication and other therapy
changes as the child grows. Current microprocessor-based
self-care health monitoring systems generally do not provide
information that is timely and complete enough for a health-
care professional to recognize and avert problems before
relatively severe symptoms develop. Too often, a need for a
change in medication and/or other changes in therapeutic
regimen is not detected until the child’s condition worsens
to the point that emergency room care is required.

Further, currently available microprocessor-based health
monitoring systems have not been designed with children in
mind. As previously mentioned, such devices are not con-
figured for sufficient ease of use in situations in which it is
desirable or necessary to record and track quantitative
information that affects the physical condition of the system
user (e.g., medication dosage administered by a diabetic and
food intake). Children above the age at which they are
generally capable of obtaining blood samples and adminis-
tering insulin or other medication generally can learn to use
at least the basic blood glucose monitoring features of
currently available microprocessor-based blood glucose
monitoring systems. However, the currently available moni-
toring systems provide nothing in the way of motivation for
a child to use the device and, in addition, include little or
nothing that educates the child about his or her condition or
treatment progress.

The lack of provision for the entering of alphanumeric
data also can be a disadvantage. For example, currently
available blood glucose monitoring systems do not allow the
user or the healthcare professional to enter information into
the system such as medication dosage and other instructions
or data that is relevant to the user’s self-care health program.

The above-discussed disadvantages and drawbacks of
currently available microprocessor-based blood glucose
monitoring systems also have been impediments to adopting
the basic technology of the system for other healthcare
situations in which establishing and maintaining an effective
regimen for cure or control is dependent upon (or at least
facilitated by) periodically monitoring a condition and
recording that condition along with time and date tags and
other information necessary or helpful in establishing and
maintaining a healthcare program.

SUMMARY OF INVENTION

This invention provides a new and useful system for
healthcare maintenance in which the invention either serves
as a peripheral device to (or incorporates) a small handheld
microprocessor-based unit of the type that includes a display
screen, buttons or keys that allow a user to control the
operation of the device and a program cartridge or other
arrangement that can be inserted in the device to adapt the
device to a particular application or function. The invention
in effect converts the handheld microprocessor device into a
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healthcare monitoring system that has significant advantages
over systems such as the currently available blood glucose
monitoring systems. To perform this conversion, the inven-
tion includes a microprocessor-based healthcare data man-
agement unit, a program cartridge and a monitoring unit.
When inserted in the handheld microprocessor unit, the
program cartridge provides the software necessary (program
instructions) to program the handheld microprocessor unit
for operation with the microprocessor-based data manage-
ment unit. Signal communication between the data manage-
ment unit and the handheld microprocessor unit is estab-
lished by an interface cable. A second interface cable can be
used to establish signal communication between the data
management unit and the monitoring unit or, alternatively,
the monitoring unit can be constructed as a plug-in unit
having an electrical connector that mates with a connector
mounted within a region that is configured for receiving the
monitoring unit.

In operation, the control buttons or keys of the handheld
microprocessor-based unit are used to select the operating
mode for both the data management unit and the handheld
microprocessor-based unit. In response to signals generated
by the control buttons or keys, the data management unit
generates signals that are coupled to the handheld micro-
processor unit and, under control of the program instructions
contained in the program cartridge, establish an appropriate
screen display on the handheld microprocessor-based unit
display. In selecting system operating mode and other opera-
tions, the control buttons are used to position a cursor or
other indicator in a manner that allows the system user to
easily select a desired operating mode or function and
provide any other required operator input. In the disclosed
detailed embodiment of the invention several modes of
operation are made available.

In the currently preferred embodiments of the invention,
the handheld microprocessor unit is a compact video game
system such as the system manufactured by Nintendo of
America Inc. under the trademark “GAME BOY.” Use of a
compact video game system has several general advantages,
including the widespread availability and low cost of such
systems. Further, such systems include switch arrangements
that are easily adapted for use in the invention and the
display units of such systems are of a size and resolution that
can advantageously be employed in the practice of the
invention. In addition, such systems allow educational or
motivational material to be displayed to the system user,
with the material being included in the program cartridge
that provides the monitor system software or, alternatively,
in a separate program cartridge.

The use of a compact video game system for the handheld
microprocessor-based unit of the invention is especially
advantageous with respect to children. Specifically, the
compact video game systems of the type that can be
employed in the practice of the invention are well known
and well accepted by children. Such devices are easily
operated by a child and most children are well accustomed
to using the devices in the context of playing video games.
Motivational and educational material relating to the use of
the invention can be presented in game-like or animated
format to further enhance acceptance and use of the inven-
tion by children that require self-care health monitoring.

A microprocessor-based health monitoring system that is
configured in accordance with the invention provides addi-
tional advantages for both the user and a healthcare profes-
sional. In accordance with one aspect of the invention,
standardized reports are provided to a physician or other
healthcare provider by means of facsimile transmission. To
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accomplish this, the data management unit of the currently
preferred embodiments of the invention include a modem
which allows test results and other data stored in system
memory to be transmitted to a remote clearinghouse via a
telephone connection. Data processing arrangements
included in the clearinghouse perform any required addi-
tional data processing; format the standardized reports; and,
transmit the reports to the facsimile machine of the appro-
priate healthcare professional.

The clearinghouse also can fill an additional communi-
cation need, allowing information such as changes in medi-
cation dosage or other information such as modification in
the user’s monitoring schedule to be electronically sent to a
system user. In arrangements that incorporate this particular
aspect of the invention, information can be sent to the user
via a telephone connection and the data management unit
modem when a specific inquiry is initiated by the user, or
when the user establishes a telephone connection with the
clearinghouse for other purposes such as providing data for
standardized reports.

The clearinghouse-facsimile aspect of the invention is
important because it allows a healthcare professional to
receive timely information about patient condition and
progress without requiring a visit by the patient (system
user) and without requiring analysis or processing of test
data by the healthcare professional. In this regard, the
healthcare professional need not possess or even know how
to use a computer and/or the software conventionally
employed for analysis of blood glucose and other health
monitoring data and information.

The invention also includes provision for data analysis
and memory storage of information provided by the user
and/or the healthcare professional. In particular, the data
management units of the currently preferred embodiments of
the invention include a data port such as an RS-232 con-
nection that allows the system user or healthcare profes-
sional to establish signal communication between the data
management unit and a personal computer or other data
processing arrangement. Blood glucose test data or other
information can then be downloaded for analysis and record
keeping purposes. Alternatively, information such as
changes in the user’s treatment and monitoring regimen can
be entered into system memory. Moreover, if desired,
remote communication between the data management unit
and the healthcare professional’s computer can be estab-
lished using the clearinghouse as an element of the com-
munications link. That is, in the currently preferred arrange-
ments of the invention a healthcare professional has the
option of using a personal computer that communicates with
the clearinghouse via a modem and telephone line for
purposes of transmitting instructions and information to a
selected user of the system and/or obtaining user test data
and information for subsequent analysis.

The invention can be embodied in forms other than those
described above. For example, although small handheld
microprocessor units such as a handheld video game system
or handheld microprocessor units of the type often referred
to as “palm-computers provide many advantages, there are
situations in which other compact microprocessor units can
advantageously be used. Among the various types of units
that can be employed are using compact video game systems
of the type that employ a program cartridge, but uses a
television set or video monitor instead of a display unit that
is integrated into the previously described handheld micro-
processor units.

Those skilled in the art also will recognize that the
above-described microprocessor-implemented functions
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and operations can be apportioned between one or more
microprocessors in a manner that differs from the above-
described arrangement. For example, in some situations, the
programmable microprocessor unit and the program car-
tridge used in practicing the invention may provide memory
and signal processing capability that is sufficient for prac-
ticing the invention. In such situations, the microprocessor
of the microprocessor-based data management unit of the
above embodiments in effect is moved into the video game
system, palm-computer or programmable microprocessor
device. In such an arrangement, the data management unit
can be realized as a relatively simple interface unit that
includes little or no signal processing capability. Depending
upon the situation at hand, the interface unit may or may not
include a telephone modem and/or an RS-232 connection (or
other data port) for interconnecting the healthcare system
with a computer or other equipment. In other situations, the
functions and operations associated with processing of the
monitored health care data may be performed by a micro-
processor that is added to or already present in the moni-
toring device that is used to monitor blood glucose or other
condition.

Because the invention can be embodied to establish
systems having different levels of complexity, the invention
satisfies a wide range of self-care health monitoring appli-
cations. The arrangements that include a modem (or other
signal transmission facility) and sufficient signal processing
capability can be employed in situations in which reports are
electronically transmitted to a healthcare professional either
in hard copy (facsimile) form or in a signal format that can
be received by and stored in the healthcare professional’s
computer. On the other hand, less complex (and, hence, less
costly) embodiments of the invention are available for use in
which transfer of system information need not be made by
means of telephonic data transfer or other remote transmis-
sion methods. In these less complex embodiments, transfer
of data to a healthcare professional can still be accom-
plished. Specifically, if the program cartridge includes a
battery and suitable program instructions, monitored health-
care data can be stored in the program cartridge during use
of'the system as a healthcare monitor. The data cartridge can
then be provided to the healthcare professional and inserted
in a programmable microprocessor-based unit that is the
same as or similar to that which was used in the healthcare
monitoring system. The healthcare professional can then
review the data, and record it for later use, and/or can use the
data in performing various analyses. If desired, the micro-
processor-based unit used by the healthcare professional can
be programmed and arranged to allow information to be
stored in the cartridge for return to and retrieval by the user
of the healthcare monitoring system. The stored information
can include messages (e.g., instructions for changes in
medication dosage) and/or program instructions for recon-
figuring the program included in the cartridge so as to effect
changes in the treatment regimen, the analyses or reports to
be generated by the healthcare monitoring system, or less
important aspects such as graphical presentation presented
during the operation of the healthcare system.

BRIEF DESCRIPTION OF DRAWINGS

The foregoing aspects and many of the attendant advan-
tages of this invention will become more readily appreciated
as the same becomes better understood by reference to the
following detailed description, when taken in conjunction
with the accompanying drawings, wherein:
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FIG. 1 is a block diagram that illustrates a healthcare
monitoring system arranged in accordance with the inven-
tion;

FIG. 2 diagrammatically illustrates monitoring systems
constructed in accordance with the invention connected in
signal communication with a remotely located computing
facility which includes provision for making the data sup-
plied by the monitoring system of the invention available to
a designated healthcare professional and/or for providing
data and instructions to the system user;

FIG. 3 is a block diagram diagrammatically depicting the
structural arrangement of the system data management unit
and its interconnection with other components of the system
shown in FIG. 1.

FIGS. 4-10 depict typical system screen displays of data
and information that can be provided by the arrangements
shown in FIGS. 1-3; and

FIG. 11 diagrammatically illustrates an alternative health-
care monitoring system that is arranged in accordance with
the invention.

DETAILED DESCRIPTION

FIG. 1 depicts a self-care health monitoring system
arranged in accordance with the invention. In the arrange-
ment shown in FIG. 1 a data management unit 10 is
electrically interconnected with a handheld microprocessor-
based unit 12 via a cable 14. In the depicted arrangement,
data management unit 10 also is electrically interconnected
with a blood glucose monitor 16 of the type capable of
sensing blood glucose level and producing an electrical
signal representative thereof. Although FIG. 1 illustrates
blood glucose monitor 16 as being connected to data man-
agement unit 10 by a cable 18, it may be preferable to
construct blood glucose monitor 16 as a plug-in unit that is
placed in a recess or other suitable opening or slot in data
management unit 10. Regardless of the manner in which
blood glucose monitor 16 is interconnected with data man-
agement unit 10, both that interconnection and cable 14 are
configured for serial data communication between the inter-
connected devices.

Also shown in FIG. 1 are two additional monitoring
devices 20 and 22, which are electrically connected for serial
data communication with data management unit 10 via
cables 24 and 26, respectively. Monitoring units 20 and 22
of FIG. 1 represent devices other than blood glucose monitor
16 that can be used to configure the invention for self-care
health monitoring applications other than (or in addition to)
diabetes care. For example, as is indicated in FIG. 1 the
monitoring device 20 can be a peak-flow meter that provides
a digital signal representative of the airflow that results when
a person suffering from asthma or another chronic respira-
tory affliction expels a breath of air through the meter. As is
indicated by monitor 22 of FIG. 1 various other devices can
be provided for monitoring conditions such as blood pres-
sure, pulse, and body temperature to thereby realize systems
for self-care monitoring and control of conditions such as
hypertension, certain heart conditions and various other
afflictions and physical conditions. Upon understanding the
hereinafter discussed aspects and features of the invention it
will be recognized that the invention is easily implemented
for these and other types of healthcare monitoring. In
particular, monitors used in the practice of the invention can
be arranged in a variety of ways as long as the data to be
recorded or otherwise employed by handheld microproces-
sor unit and/or data management unit 10 is provided in serial
format in synchronization with clock signals provided by
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data management unit 10. As is the case with blood glucose
monitor 16, the additional monitors can be configured as
plug-in units that are directly received by data management
unit 10, or can be connected to data management unit 10
with cables (as shown in FIG. 1).

As is shown in FIG. 1, handheld microprocessor unit 12
includes a display screen 28 and a plurality of switches or
keys (30, 32, 34, 36, and 38 in FIG. 1) which are mounted
on a housing 40. Located in the interior of housing 40, but
not shown in FIG. 1 are a microprocessor, memory circuits,
and circuitry that interfaces switches 30, 32, 34, 36, and 38
with the microprocessor. Stored in the memory of program
handheld microprocessor unit 12 is a set of program instruc-
tions that establishes a data protocol that allows handheld
microprocessor unit 12 to perform digital data signal pro-
cessing and generate desired data or graphics for display on
display unit 28 when a program cartridge 42 is inserted in a
slot or other receptacle in housing 40. That is, program
cartridge 42 of FIG. 1 includes read-only memory units (or
other memory means such as battery-powered random
access memory) which store program instructions and data
that adapt handheld microprocessor 12 for operation in a
blood glucose monitoring system. More specifically, when
the instructions and data of program cartridge 42 are com-
bined with program instructions and data included in the
internal memory circuits of handheld microprocessor unit 12
handheld microprocessor unit 12 is programmed for pro-
cessing and displaying blood glucose information in the
manner described below and additional monitors 22 to
provide health monitoring for asthma and various other
previously mentioned chronic conditions. In each case, the
plurality of switches or keys (30, 32, 34, 36 and 38 in FIG.
1) are selectively operated to provide signals that result in
pictorial and/or alphanumeric information being displayed
by display unit 42.

Various devices are known that meet the above-set forth
description of handheld microprocessor unit 12. For
example, compact devices are available in which the plu-
rality of keys allows alphanumeric entry and internal
memory is provided for storing information such as names,
addresses, phone numbers, and an appointment calendar.
Small program cartridges or cards can be inserted in these
devices to program the device for various purposes such as
the playing of games, spreadsheet application, and foreign
language translation sufficient for use in travel. More
recently, less compact products that have more extensive
computational capability and are generally called “palm top
computers” have been introduced into the marketplace.
These devices also can include provision for programming
the device by means of an insertable program card or
cartridge.

The currently preferred embodiments of the invention are
configured and arranged to operate in conjunction with yet
another type of handheld microprocessor unit. Specifically,
in the currently preferred embodiments of the invention,
program cartridge 42 is electrically and physically compat-
ible with commercially available compact video game sys-
tems, such as the system manufactured by Nintendo of
America Inc. under the trademark “GAME BOY.” Config-
uring data management unit 10 and program cartridge 42 for
operation with a handheld video game system has several
advantages. For example, the display unit of such a device
provides display resolution that allows the invention to
display both multi-line alphanumeric information and
graphical data. In this regard, the 160x144 pixel dot matrix-
type liquid crystal display screen currently used in the
above-referenced compact video game systems provides
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sufficient resolution for at least six lines of alphanumeric
text, as well as allowing graphical representation of statis-
tical data such as graphical representation of blood glucose
test results for a day, a week, or longer.

Another advantage of realizing handheld microprocessor
unit 12 in the form of a compact video game system is the
relatively simple, yet versatile arrangement of switches that
is provided by such a device. For example, as is indicated in
FIG. 1 a compact video game system includes a control pad
that allows an object displayed on display unit 42 to be
moved in a selected direction (i.e., up-down or left-right). As
also is indicated in FIG. 1, compact video game systems
typically provide two pair of distinctly-shaped push button
switches. In the arrangement shown in FIG. 1, a pair of
spaced-apart circular push button switches (36 and 38) and
a pair of elongate switches (32 and 34) are provided. The
functions performed by the two pairs of switches is depen-
dent upon the program instructions contained in each pro-
gram cartridge 42.

Yet another advantage of utilizing a compact video game
system for handheld microprocessor-based unit 12 of FIG. 1
is the widespread popularity and low cost of such units. In
this regard, manufacture and sale of a data management unit
blood glucose monitor 16 and program cartridge 42 that
operate in conjunction with a compact microprocessor-based
video allows the self-care health monitoring system of FIG.
1 to be manufactured and sold at a lower cost than could be
realized in an arrangement in which handheld unit 12 is
designed and manufactured solely for use in the system of
FIG. 1.

An even further advantage of using a compact video game
system for handheld microprocessor 12 is that such video
game systems include means for easily establishing the
electrical interconnection provided by cable 14 in FIG. 1. In
particular, such compact video game systems include a
connector mounted to the game unit housing (40 in FIG. 1)
and a cable that can be connected between the connectors of
two video game units to allow interactive operation of the
two interconnected units (i.e., to allow contemporaneous
game play by two players or competition between players as
they individually play identical but separate games). In the
preferred embodiments of the invention, the “two-player”
cable supplied with the compact video game unit being used
as handheld microprocessor unit 12 is used as cable 14 to
establish serial data communication between the handheld
microprocessor unit 12 (compact video game system) and
data management unit 10. In these preferred embodiments,
the program instructions stored on the memory of data
management unit 10 and program cartridge 42 respectively
program data management unit 10 and the compact video
game system (i.e., handheld microprocessor unit 12) for
interactive operation in which switches 30, 32, 34, 36 and 38
are used to control the operation of data management unit 10
(e.g., to select a particular operational mode such as perfor-
mance of a blood glucose test or the display of statistical test
data and, in addition, to control operation such as selection
of an option during operation of the system in a particular
operational mode). In each operational mode, data manage-
ment unit 10 processes data in accordance with program
instructions stored in the memory circuits of data manage-
ment unit 10. Depending upon the operational mode selected
by the user, data is supplied to data management unit 10 by
blood glucose monitor 16 by additional monitors (20 and 22
in FIG. 1) or any interconnected computers or data process-
ing facility (such as the hereinafter described user’s com-
puter 48 and clearinghouse 54 of FIG. 1) During such
operation, mode switches 30, 32, 34, 36 and 38 are selec-
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tively activated so that signals are selectively coupled to the
video game system (handheld microprocessor unit 12) and
processed in accordance with program instructions stored in
program cartridge 42. The signal processing performed by
handheld microprocessor unit 12 results in the display of
alphanumeric, symbolic, or graphic information on the video
game display screen (i.e., display unit 28 in FIG. 1) which
allow the user to control system operation and obtain desired
test results and other information.

Although the above-discussed advantages apply to use of
the invention by all age groups, employing a compact video
game system in the practice of the invention is of special
significance in monitoring a child’s blood glucose or other
health parameters. Children and young adults are familiar
with compact video game systems. Thus, children will
accept a health monitoring system incorporating a compact
video game system more readily than a traditional system,
even an embodiment of the invention that uses a different
type of handheld microprocessor unit. Moreover, an
embodiment of the invention that functions in conjunction
with a compact video game system can be arranged to
motivate children to monitor themselves more closely than
they might otherwise by incorporating game-like features
and/or animation in system instruction and test result dis-
plays. Similarly, the program instructions can be included in
program cartridges 41, 42 and 43 (or additional cartridges)
that allow children to select game-like displays that help
educate the child about his or her condition and the need for
monitoring.

With continued reference to FIG. 1, data management unit
10 of the currently preferred embodiments of the invention
includes a data port 44 that allows communication between
data management unit 10 and a personal computer 48 (or
other programmable data processor). In the currently pre-
ferred embodiments of the invention, data port 44 is an
RS-232 connection that allows serial data communication
between data management unit 10 and personal computer
48. In the practice of the invention, personal computer 48
can be used to supplement data management unit 10 by, for
example, performing more complex analyses of blood glu-
cose and other data that has been supplied to and stored in
the memory circuits of data management unit 10. With
respect to embodiments of the invention configured for use
by a child, personal computer 48 can be used by a parent or
guardian to review and analyze the child’s progress and to
produce printed records for subsequent review by a health-
care professional. Alternatively, personal computer 48 can
be used to supply data to data management unit 10 that is not
conveniently supplied by using handheld microprocessor
switches 30, 32, 34, 36 and 38 as an operator interface to the
system shown in FIG. 1. For example, some embodiments of
the invention may employ a substantial amount of alphanu-
meric information that must be entered by the system user.
Although it is possible to enter such data by using switches
30, 32, 34, 36, and 38 in conjunction with menus and
selection screens displayed on display screen 28 of FIG. 1 it
may be more advantageous to use a device such as personal
computer 48 for entry of such data. However, if personal
computer 48 is used in this manner, some trade-off of system
features may be required because data management unit 10
must be temporarily interconnected with personal computer
48 during these operations. That is, some loss of system
mobility might result because a suitably programmed per-
sonal computer would be needed at each location at which
data entry or analysis is to occur.

As is indicated in FIG. 1, data management unit 10 of the
currently preferred embodiments of the invention also
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includes a modem that allows data communication between
data management unit 10 and a remote computing facility
identified in FIG. 1 as clearinghouse 54 via a conventional
telephone line (indicated by reference numeral 50 in FIG. 1)
and a modem 52 that interconnects clearinghouse 54 and
telephone line 50. As shall be described in more detail,
clearinghouse 54 computing facility 54 facilitates commu-
nication between a user of the system shown in FIG. 1 and
his or her healthcare professional and can provide additional
services such as updating system software. As is indicated
by facsimile machine 55 of FIG. 1a primary function of
clearinghouse 54 is providing the healthcare professional
with standardized reports 56, which indicate both the current
condition and condition trends of the system user. Although
a single facsimile machine 55 is shown in FIG. 1, it will be
recognized that numerous healthcare professionals (and
hence facsimile machine 55) can be connected in signal
communication with a clearinghouse 54.

Regardless of whether a compact video game system,
another type of commercially available handheld micropro-
cessor-based unit, or a specially designed unit is used, the
preferred embodiments of FIG. 1 provide a self-care blood
glucose monitoring system in which program cartridge (a)
handheld microprocessor unit 12 for displaying instructions
for performing the blood glucose test sequence and associ-
ated calibration and test procedures; (b) handheld micropro-
cessor unit 12 for displaying (graphically or alphanumeri-
cally) statistical data such as blood glucose test results taken
during a specific period of time (e.g., a day, week, etc.); (c)
handheld microprocessor unit 12 for supplying control sig-
nals and signals representative of food intake or other useful
information to data management unit 10; (d) handheld
microprocessor unit 12 for simultaneous graphical display of
blood glucose levels with information such as food intake;
and, (e) handheld microprocessor unit 12 for displaying
information or instructions from a healthcare professional
that are coupled to data management unit 10 from a clear-
inghouse 54. The manner in which the arrangement of FIG.
1 implements the above-mentioned functions and others can
be better understood with reference to FIGS. 2 and 3.

Referring first to FIG. 2, clearinghouse 54 receives data
from a plurality of self-care microprocessor-based health-
care systems of the type shown in FIG. 1, with the individual
self-care health monitoring systems being indicated in FIG.
2 by reference numeral 58. Preferably, the data supplied to
clearinghouse 54 by each individual self-care health moni-
toring system 58 consists of “raw data,” i.e., test results and
related data that was stored in memory circuits of data
management unit 10, without further processing by data
management unit 10. For example, with respect to the
arrangement shown in FIG. 1, blood glucose test results and
associated data such as food intake information, medication
dosage and other such conditions are transmitted to clear-
inghouse 54 and stored with a digitally encoded signal that
identifies both the source of the information (i.e., the system
user or patient) and those having access to the stored
information (i.e., the system user’s doctor or other health-
care professional).

As shall be recognized upon understanding the manner in
which it operates, clearinghouse 54 can be considered to be
a central server for the various system users (58 in FIG. 2)
and each healthcare professional 60. In that regard, clear-
inghouse 54 includes conventionally arranged and intercon-
nected digital processing equipment (represented in FIG. 2
by digital signal processor 57) which receives digitally
encoded information from a user 58 or healthcare profes-
sional processes the information as required; stores the
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information (processed or unprocessed) in memory if nec-
essary; and, transmits the information to an intended recipi-
ent (i.e., user 58 or healthcare professional 60).

In FIG. 2 rectangular outline 60 represents one of numer-
ous remotely located healthcare professionals who can uti-
lize clearinghouse 54 and the arrangement described relative
to FIG. 1 in monitoring and controlling patient healthcare
programs. Shown within outline 60 is a computer 62 (e.g.,
personal computer), which is coupled to clearinghouse 54 by
means of a modem (not shown in FIG. 2) and a telephone
line 64. Also shown in FIG. 2 is the previously mentioned
facsimile machine 55, which is coupled to clearinghouse 54
by means of a second telephone line 68. Using the interface
unit of computer 62 (e.g., a keyboard or pointing device such
as a mouse), the healthcare professional can establish data
communication between computer 62 and clearinghouse 54
via telephone line 64. Once data communication is estab-
lished between computer 62 and clearinghouse 54 patient
information can be obtained from clearinghouse 54 in a
manner similar to the manner in which subscribers to
various database services access and obtain information. In
particular, the healthcare professional can transmit an autho-
rization code to clearinghouse 54 that identifies the health-
care professional as an authorized user of the clearinghouse
and, in addition, can transmit a signal representing the
patient for which healthcare information is being sought. As
is the case with conventional database services and other
arrangements, the identifying data is keyed into computer 62
by means of a conventional keyboard (not shown in FIG. 2)
in response to prompts that are generated at clearinghouse
54 for display by the display unit of computer 62 (not shown
in FIG. 2).

Depending upon the hardware and software arrangement
of clearinghouse 54 and selections made by the healthcare
professional via computer 62 patient information can be
provided to the healthcare professional in different ways. For
example, computer 62 can be operated to access data in the
form that it is stored in the memory circuits of clearinghouse
54 (i.e., raw data that has not been processed or altered by
the computational or data processing arrangements of clear-
inghouse 54). Such data can be processed, analyzed, printed
and/or displayed by computer 62 using commercially avail-
able or custom software. On the other hand, various types of
analyses may be performed by clearinghouse 54 with the
results of the analyses being transmitted to the remotely
located healthcare professional 60. For example, clearing-
house 54 can process and analyze data in a manner identical
to the processing and analysis provided by the self-care
monitoring system of FIG. 1. With respect to such process-
ing and any other analysis and processing provided by
clearinghouse 54 results expressed in alphanumeric format
can be sent to computer 62 via telephone line 64 and the
modem associated with computer 62 with conventional
techniques being used for displaying and/or printing the
alphanumeric material for subsequent reference.

The arrangement of FIG. 2 also allows the healthcare
professional to send messages and/or instructions to each
patient via computer 62 telephone line 64 and clearinghouse
54. In particular, clearinghouse 54 can be programmed to
generate a menu that is displayed by computer 62 and allows
the healthcare professional to select a mode of operation in
which information is to be sent to clearinghouse 54 for
subsequent transmission to a user of the system described
relative to FIG. 1. This same menu (or related submenus)
can be used by the healthcare professional to select one or
more modes of operation of the above-described type in
which either unmodified patient data or the results of data
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that has been analyzed by clearinghouse 54 is provided to
the healthcare provider via computer 62 and/or facsimile
machine 55.

In the currently contemplated arrangements, operation of
the arrangement of FIG. 2 to provide the user of the
invention with messages or instructions such as changes in
medication or other aspects of the healthcare program is
similar to the operation that allows the healthcare profes-
sional to access data sent by a patient, i.e., transmitted to
clearinghouse 54 by a data management unit 10 of FIG. 1.
The process differs in that the healthcare professional enters
the desired message or instruction via the keyboard or other
interface unit of computer 62. Once the data is entered and
transmitted to clearinghouse 54 it is stored for subsequent
transmission to the user for whom the information or
instruction is intended.

With respect to transmitting stored messages or instruc-
tions to a user of the invention, at least two techniques are
available. The first technique is based upon the manner in
which operational modes are selected in the practice of the
invention. Specifically, in the currently preferred embodi-
ments of the invention, program instructions that are stored
in data management unit 10 and program cartridge 42 cause
the system of FIG. 1 to generate menu screens which are
displayed by display unit 28 of handheld microprocessor
unit 12. The menu screens allow the system user to select the
basic mode in which the system of FIG. 1 is to operate and,
in addition, allow the user to select operational subcatego-
ries within the selected mode of operation. Various tech-
niques are known to those skilled in the art for displaying
and selecting menu items. For example, in the practice of
this invention, one or more main menus can be generated
and displayed which allow the system user to select opera-
tional modes that may include: (a) a monitor mode (e.g.,
monitoring of blood glucose level); (b) a display mode (e.g.,
displaying previously obtained blood glucose test results or
other relevant information); (¢) an input mode (e.g., a mode
for entering data such as providing information that relates
to the healthcare regimen, medication dosage, food intake,
etc.); and, (d) a communications mode (for establishing a
communication link between data management unit 10 and
personal computer 48 of FIG. 1 or between data manage-
ment unit 10 and a remote computing facility such as
clearinghouse 54 of FIG. 2.

In embodiments of the invention that employ a compact
video game system for handheld microprocessor unit 12 the
selection of menu screens and the selection of menu screen
items preferably is accomplished in substantially the same
manner as menu screens and menu items are selected during
the playing of a video game. For example, the program
instructions stored in data management unit 10 and program
cartridge 42 of the arrangement of FIG. 1 can be established
so that a predetermined one of the compact video game
switches (e.g., switch 32 in FIG. 1) allows the system user
to select a desired main menu in the event that multiple main
menus are employed. When the desired main menu is
displayed, operation by the user of control pad 30 allows a
cursor or other indicator that is displayed on the menu to be
positioned adjacent to or over the menu item to be selected.
Activation of a switch (e.g., switch 36 of the depicted
handheld microprocessor unit causes the handheld micro-
processor unit 12) and/or data management unit 10 to initiate
the selected operational mode or, if selection of operational
submodes is required, causes handheld microprocessor unit
12 to display a submenu.

In view of the above-described manner in which menus
and submenus are selected and displayed, it can be recog-
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nized that the arrangement of FIG. 1 can be configured and
arranged to display a menu or submenu item that allows the
user to obtain and display messages or instructions that have
been provided by a healthcare professional and stored in
clearinghouse 54. For example, a submenu that is generated
upon selection of the previously mentioned communications
mode can include submenu items that allow the user to select
various communication modes, including a mode in which
serial data communication is established between data man-
agement unit 10 and clearinghouse 54 and data management
unit 10 transmits a message status request to clearinghouse
54. When this technique is used, the data processing system
of clearinghouse 54 is programmed to search the clearing-
house memory to determine whether a message exists for the
user making the request. Any messages stored in memory for
that user are then transmitted to the user and processed for
display on display unit 28 of handheld microprocessor unit
12. If no messages exist, clearinghouse 54 transmits a signal
that causes display unit 28 to indicate “no messages.” In this
arrangement, clearinghouse 54 preferably is programmed to
store a signal indicating that a stored message has been
transmitted to the intended recipient (user). Storing such a
signal allows the healthcare professional to determine that
messages sent to clearinghouse 54 for forwarding to a
patient have been transmitted to that patient. In addition, the
program instructions stored in data management unit 10 of
FIG. 1 preferably allow the system user to designate whether
received messages and instructions are to be stored in the
memory of data management unit 10 for subsequent
retrieval or review. In addition, in some instances it may be
desirable to program clearinghouse 54 and data management
unit 10 so that the healthcare professional can designate (i.e.,
flag) information such as changes in medication that will be
prominently displayed to the user (e.g., accompanied by a
blinking indicator) and stored in the memory of data man-
agement unit 10 regardless of whether the system user
designates the information for storage.

A second technique that can be used for forwarding
messages or instructions to a user does not require the
system user to select a menu item requesting transmission by
clearinghouse 54 of messages that have been stored for
forwarding to that user. In particular, clearinghouse 54 can
be programmed to operate in a manner that either automati-
cally transmits stored messages for that user when the user
operates the system of FIG. 1 to send information to the
clearinghouse or programmed to operate in a manner that
informs the user that messages are available and allows the
user to access the messages when he or she chooses to do so.

Practicing the invention in an environment in which the
healthcare professional uses a personal computer in some or
all of the above-discussed ways can be very advantageous.
On the other hand, the invention also provides healthcare
professionals timely information about system users without
the need for a computer (62 in FIG. 2) or any equipment
other than a conventional facsimile machine (55 in FIGS. 1
and 2) Specifically, information provided to clearinghouse
54 by a system user 58 can be sent to a healthcare profes-
sional 60 via telephone line 68 and facsimile machine 55
with the information being formatted as a standardized
graphic or textual report (56 in FIG. 1) Formatting a
standardized report 56 (i.e., analyzing and processing data
supplied by blood glucose monitor 16 or other system
monitor or sensor) can be effected either by data manage-
ment unit 10 or within the clearinghouse facility 54. More-
over, various standardized reports can be provided (e.g., the
textual and graphic displays discussed below relating to
FIGS. 6-10) Preferably, the signal processing arrangement
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included in clearinghouse 54 allows each healthcare profes-
sional 60 to select which of several standardized reports will
be routinely transmitted to the healthcare professionals’
facsimile machine 55 and, to do so on a patient-by-patient
(user-by-user) basis.

FIG. 3 illustrates the manner in which data management
unit 10 is arranged and interconnected with other system
components for effecting the above-described operational
aspects of the invention and additional aspects that are
described relative to FIGS. 4-10. As is symbolically indi-
cated in FIG. 3, handheld microprocessor unit 12 and blood
glucose monitor 16 are connected to a dual universal asyn-
chronous receiver transmitter 70 (e.g., by cables 14 and 18
of FIG. 1, respectively). As also is indicated in FIG. 3 when
a system user connects a personal computer 48 (or other
programmable digital signal processor) to data port 44 signal
communication is established between personal computer
48 and a second dual universal asynchronous receiver trans-
mitter 72 of data management unit 10. Additionally, dual
universal asynchronous receiver transmitter 72 is coupled to
modem 46 so that data communication can be established
between data management unit 10 and a remote clearing-
house 54 of FIGS. 1 and 2.

Currently preferred embodiments of data management
unit 10 include a plurality of signal sensors 74, with an
individual signal sensor being associated with each device
that is (or may be) interconnected with data management
unit 10. As previously discussed and as is indicated in FIG.
3, these devices include handheld microprocessor unit 12,
blood glucose monitor 16, personal computer 48, remote
computing facility 54, and, in addition, peak-flow meter 20
or other additional monitoring devices 22. Each signal
sensor 74 that is included in data management unit 10 is
electrically connected for receiving a signal that will be
present when the device with which that particular signal
sensor is associated is connected to data management unit 10
and, in addition, is energized (e.g., turned on). For example,
in previously mentioned embodiments of the invention in
which data port 44 is an RS-232 connection, the signal
sensor 74 that is associated with personal computer 48 can
be connected to an RS-232 terminal that is supplied power
when a personal computer is connected to data port 44 and
the personal computer is turned on. In a similar manner, the
signal sensor 74 that is associated with clearinghouse 54 can
be connected to modem 46 so that the signal sensor 74
receives an electrical signal when modem 46 is intercon-
nected to a remote computing facility (e.g., clearinghouse 54
of FIG. 2) via a telephone line 50.

In the arrangement of FIG. 3, each signal sensor 74 is a
low power switch circuit (e.g., a metal-oxide semiconductor
field-effect transistor circuit), which automatically energizes
data management unit 10 whenever any one (or more) of the
devices associated with signal sensors 74 is connected to
data management unit 10 and is energized. Thus, as is
indicated in FIG. 3 by signal path 76 ach signal sensor is 74
interconnected with power supply 78 which supplies oper-
ating current to the circuitry of data management unit 10 and
typically consists of one or more small batteries (e.g., three
AAA alkaline cells). The microprocessor and other conven-
tional circuitry that enables data management unit 10 to
process system signals in accordance with stored program
instructions is indicated in FIG. 3 by central processing unit
(CPU) 80. As is indicated in FIG. 3 by interconnection 82
between CPU 80 and battery 78. CPU 80 receives operating
current from power supply 78 with power being provided
only when one or more of the signal sensors 74 are activated
in the previously described manner. A clock/calendar circuit
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84 is connected to CPU (80 via signal path 86 in FIG. 3) to
allow time and date tagging of blood glucose tests and other
information. Although not specifically shown in FIG. 3,
operating power is supplied to clock/calendar 84 at all times.

In operation, CPU 80 receives and sends signals via a data
bus (indicated by signal path 88 in FIG. 3) which intercon-
nects CPU 80 with dual universal asynchronous receiver
transmitters 70 and 72. The data bus 88 also interconnects
CPU 80 with memory circuits which, in the depicted
embodiment, include a system read-only memory (ROM) 90
a program random access memory (RAM) 92 and an elec-
tronically erasable read-only memory (EEROM) 94. System
ROM 90 stores program instructions and any data required
in order to program data management unit 10 so that data
management unit 10 and a handheld microprocessor unit 12
that is programmed with a suitable program cartridge 42
provide the previously discussed system operation and, in
addition, system operation of the type described relative to
FIGS. 4-10. During operation of the system, program RAM
92 provides memory space that allows CPU 80 to carry out
various operations that are required for sequencing and
controlling the operation of the system of FIG. 1. In addi-
tion, RAM 92 can provide memory space that allows exter-
nal programs (e.g., programs provided by clearinghouse 54
to be stored and executed. EEROM 94 allows blood glucose
test results and other data information to be stored and
preserved until the information is no longer needed (i.e.,
until purposely erased by operating the system to provide an
appropriate erase signal to EEROM 94).

FIGS. 4-10 illustrate typical screen displays that are
generated by the arrangement of the invention described
relative to FIGS. 1-3. Reference will first be made to FIGS.
4 and 5 which exemplify screen displays that are associated
with operation of the invention in the blood glucose moni-
toring mode. Specifically, in the currently preferred embodi-
ments of the invention, blood glucose monitor 16 operates in
conjunction with data management unit 10 and handheld
microprocessor unit 12 to: (a) a test or calibration sequence
in which tests are performed to confirm that the system is
operating properly; and, (b) the blood glucose test sequence
in which blood glucose meter 16 senses the user’s blood
glucose level. Suitable calibration procedures for blood
glucose monitors are known in the art. For example, blood
glucose monitors often are supplied with a “code strip,” that
is inserted in the monitor and results in a predetermined
value being displayed and stored in memory at the conclu-
sion of the code strip calibration procedure. When such a
code strip calibration procedure is used in the practice of the
invention, the procedure is selected from one of the system
menus. For example, if the system main menu includes a
“monitor” menu item, a submenu displaying system cali-
bration options and an option for initiating the blood glucose
test may be displayed when the monitor menu item is
selected. When a code strip option is available and selected,
a sequence of instructions is generated and displayed by
display screen 28 of handheld microprocessor unit 12 to
prompt the user to insert the code strip and perform all other
required operations. At the conclusion of the code strip
calibration sequence, display unit 28 of handheld micropro-
cessor unit 12 displays a message indicating whether or not
the calibration procedure has been successfully completed.
For example, FIG. 4 illustrates a screen display that informs
the system user that the calibration procedure was not
successful and that the code strip should be inserted again
(i.e., the calibration procedure is to be repeated). As is
indicated in FIG. 4, display screens that indicate a potential
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malfunction of the system include a prominent message such
as the “Attention” notation included in the screen display of
FIG. 4.

As previously indicated, the blood glucose test sequence
that is employed in the currently preferred embodiment of
the invention is of the type in which a test strip is inserted
in a receptacle that is formed in the blood glucose monitor.
A drop ofthe user’s blood is then applied to the test strip and
a blood glucose sensing sequence is initiated. When the
blood glucose sensing sequence is complete, the user’s
blood glucose level is displayed.

In the practice of the invention, program instructions
stored in data management unit 10 (e.g., system ROM 90 of
FIG. 3) and program instructions stored in program cartridge
42 of handheld microprocessor unit 12 cause the system to
display step-by-step monitoring instructions to the system
user and, in addition, preferably result in display of diag-
nostic messages if the test sequence does not proceed in a
normal fashion. Although currently available self-contained
microprocessor-based blood glucose monitors also display
test instruction and diagnostic messages, the invention pro-
vides greater message capacity and allows multi-line
instructions and diagnostic messages that are displayed in
easily understood language rather than cryptic error codes
and abbreviated phraseology that is displayed one line or
less at a time. For example, as is shown in FIG. 5 the
complete results of a blood glucose test (date, time of day,
and blood glucose level in milligrams per deciliter) can be
concurrently displayed by display screen 28 of handheld
microprocessor unit 12 along with an instruction to remove
the test strip from blood glucose monitor 16. As previously
mentioned, when the blood glucose test is complete, the time
and date tagged blood glucose test result is stored in the
memory circuits of data management unit 10 (e.g., stored in
EEPROM 94 of FIG. 3)

The arrangement shown and described relative to FIGS.
1-3 also is advantageous in that data relating to food intake,
concurrent medication dosage and other conditions easily
can be entered into the system and stored with the time and
date tagged blood glucose test result for later review and
analysis by the user and/or his or her healthcare professional.
Specifically, a menu generated by the system at the begin-
ning or end of the blood glucose monitoring sequence can
include items such as “hypoglycemic” and “hyperglyce-
mic,” which can be selected using the switches of handheld
microprocessor unit 12 (e.g., operation of control pad 30 and
switch 36 in FIG. 1) to indicate the user was experiencing
hypoglycemic or hyperglycemic symptoms at the time of
monitoring blood glucose level. Food intake can be quan-
titatively entered in terms of “Bread Exchange” units or
other suitable terms by, for example, selecting a food intake
menu item and using a submenu display and the switches of
handheld microprocessors 2 to select and enter the appro-
priate information. A similar menu item—submenu selection
process also can be used to enter medication data such as the
type of insulin used at the time of the glucose monitoring
sequence and the dosage.

As was previously mentioned, program instructions
stored in data management unit 10 and program instructions
stored in program cartridge 42 of handheld microprocessor
unit 12 enable the system to display statistical and trend
information either in a graphic or alphanumeric format. As
is the case relative to controlling other operational aspects of
the system, menu screens are provided that allow the system
user to select the information that is to be displayed. For
example, in the previously discussed embodiments in which
a system menu includes a “display” menu item, selection of
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the menu item results in the display of one or more sub-
menus that list available display options. For example, in the
currently preferred embodiments, the user can select graphic
display of blood glucose test results over a specific period of
time, such as one day, or a particular week. Such selection
results in displays of the type shown in FIGS. 6 and 7
respectively. When blood glucose test results for a single day
are displayed (FIG. 6) the day of the week and date can be
displayed along with a graphic representation of changes in
blood glucose level between the times at which test results
were obtained. In the display of FIG. 6, small icons identify
points on the graphic representation that correspond to the
blood glucose test results (actual samples). Although not
shown in FIG. 6, coordinate values for blood glucose level
and time of day can be displayed if desired. When the user
chooses to display a weekly trend graph (FIG. 7) the display
generated by the system is similar to the display of a daily
graph, having the time period displayed in conjunction with
a graph that consists of lines interconnecting points that
correspond to the blood glucose test results.

The screen display shown in FIG. 8 is representative of
statistical data that can be determined by the system of FIG.
1 (using conventional computation techniques) and dis-
played in alphanumeric format. As previously mentioned,
such statistical data and information in various other textual
and graphic formats can be provided to a healthcare profes-
sional (60 in FIG. 2) in the form of a standardized report 56
(FIG. 1) that is sent by clearinghouse 54 to facsimile
machine 55. In the exemplary screen display of FIG. 8,
statistical data for blood glucose levels over a period of time
(e.g., one week) or, alternatively, for a specified number of
monitoring tests is provided. In the exemplary display of
FIG. 8 the system (data management unit 10 or clearing-
house 54) also calculates and displays (or prints) the average
blood glucose level and the standard deviation. Displayed
also is the number of blood glucose test results that were
analyzed to obtain the average and the standard deviation;
the number of test results under a predetermined level (50
milligrams per deciliter in FIG. 8) and the number of blood
glucose tests that were conducted while the user was expe-
riencing hypoglycemic symptoms. As previously noted, in
the preferred embodiments of the invention, a screen display
that is generated during the blood glucose monitoring
sequence allows the user to identify the blood sample being
tested as one taken while experiencing hyperglycemic or
hypoglycemic symptoms and, in addition, allows the user to
specify other relevant information such as food intake and
medication information.

The currently preferred embodiments of the invention
also allow the user to select a display menu item that enables
the user to sequentially address, in chronological order, the
record of each blood glucose test. As is indicated in FIG. 9,
each record presented to the system user includes the date
and time at which the test was conducted, the blood glucose
level, and any other information that the user provided. For
example, the screen display of FIG. 9 indicates that the user
employed handheld microprocessor unit 12 as an interface to
enter data indicating use of 12.5 units of regular insulin; 13.2
units of “NPH” insulin; food intake of one bread exchange
unit; and pre-meal hypoglycemic symptoms.

Use of data management unit 10 in conjunction with
handheld microprocessor unit 12 also allows display (or
subsequent generation of a standardized report showing
blood glucose test results along with food intake and/or
medication information. For example, shown in FIG. 10 is
a daily graph in which blood glucose level is displayed in the
manner described relative to FIG. 6. Related food intake and
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medication dosage is indicated directly below contempora-
neous blood glucose levels by vertical bar graphs.

It will be recognized by those skilled in the art that the
above-described screen displays and system operation can
readily be attained with conventional programming tech-
niques of the type typically used in programming micropro-
cessor arrangements. It also will be recognized by those
skilled in the art that various other types of screen displays
can be generated and, in addition, that numerous other
changes can be made in the embodiments described herein
without departing from the scope and the spirit of the
invention.

It will also be recognized by those skilled in the art that
the invention can be embodied in forms other than the
embodiments described relative to FIGS. 1-10. For example,
the invention can employ compact video game systems that
are configured differently than the previously discussed
handheld video game systems and palm-top computers.
More specifically, as is shown in FIG. 11 a self-care health
monitoring system arranged in accordance with the inven-
tion can employ a compact video game system of the type
that includes one or more controllers 100 that are intercon-
nected to a game console 102 via cable 104. As is indicated
in FIG. 11, game console 102 is connected to a video
monitor or television 106 by means of a cable 108. Although
differing in physical configuration, controller 100, game
console 102 and the television or video monitor 106 collec-
tively function in the same manner as the handheld micro-
processor 12 of FIG. 1. In that regard, a program cartridge
42 is inserted into a receptacle contained in game console
102 with program cartridge 42 including stored program
instructions for controlling microprocessor circuitry that is
located inside game console 102. Controller 100 includes a
control pad or other device functionally equivalent to control
pad 30 of FIG. 1 and switches that functionally correspond
to switches 32-38 of FIG. 1.

Regardless of whether the invention is embodied with a
handheld microprocessor unit (FIG. 1) or an arrangement
such as the compact video game system (FIG. 11) in some
cases it is both possible and advantageous to apportion the
signal processing functions and operations differently than
was described relative to FIGS. 1-10. For example, in some
situations, the microprocessor-based unit that is pro-
grammed by a card or cartridge (e.g., handheld unit 12 of
FIG. 1 or compact video game console 102 of FIG. 1)
includes memory and signal processing capability that
allows the microprocessor to perform all or most of the
functions and operations attributed to data management unit
10 of the embodiments discussed relative to FIGS. 1-10.
That is, the digitally encoded signal supplied by blood
glucose monitor 16 (or one of the other monitors 20 and 22
of FIG. 1) can be directly coupled to the microprocessor
included in game console 102 of FIG. 11 or handheld
microprocessor 12 of FIG. 1. In such an arrangement, the
data management unit is a relatively simple signal interface
(e.g., interface unit 110 of FIG. 11) the primary purpose of
which is carrying signals between the blood glucose monitor
16 (or other monitor) and the microprocessor of game
console 102 (FIG. 11) or handheld unit (FIG. 1). In some
situations, the interface unit may consist primarily or
entirely of a conventional cable arrangement such as a cable
for interconnection between RS232 data ports or other
conventional connection arrangements. On the other hand,
as is shown in FIG. 11, signal interface 110 can either
internally include or be connected to a modem 52, which
receives and transmits signals via a telephone line 50 in the
manner described relative to FIGS. 1 and 2.
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It also should be noted that all or a portion of the functions
and operations attributed to data management unit 10 of
FIG. 1 can be performed by microprocessor circuitry located
in blood glucose monitor 16 (or other monitor that is used
with the system). For example, a number of commercially
available blood glucose monitors include a clock/calendar
circuit of the type described relative to FIG. 3 and, in
addition, include microprocessor circuitry for generating
visual display signals and signals representative of both
current and past values of monitored blood glucose level.
Conventional programming and design techniques can be
employed to adapt such commercially available units for the
performance of the various functions and operations attrib-
uted in the above discussion of FIGS. 1-11 to data manage-
ment unit 10 and/or the microprocessors of handheld unit
and compact video console 102. In arrangements in which
the blood glucose monitor (or other system monitor)
includes a microprocessor that is programmed to provide
signal processing in the above-described manner, the inven-
tion can use a signal interface unit 110 of the above type.
That is, depending upon the amount of signal processing
effected by the monitoring unit (e.g., blood glucose monitor
16) and the amount of signal processing performed by the
microprocessor of video game console 102 (or handheld unit
the signal interface required ranges from a conventional
cable (e.g., interconnection of RS232 ports) to an arrange-
ment in which signal interface 110 is arranged for signal
communication with an internal or external modem (e.g.,
modem 52 of FIG. 11) or an arrangement in which signal
interface provides only a portion of the signal processing
described relative to FIGS. 1-10.

The invention also is capable of transmitting information
to a remote location (e.g., clearinghouse 54 and/or a
remotely located healthcare professional) by means other
than conventional telephone lines. For example, a modem
(52 in FIGS. 1 and 11) that is configured for use with a
cellular telephone system can be employed to transmit the
signals provided by the healthcare monitoring system to a
remote location via modulated RF transmission. Moreover,
the invention can be employed with various digital networks
such as recently developed interactive voice, video and data
systems such as television systems in which a television and
user interface apparatus is interactively coupled to a remote
location via coaxial or fiber optic cable and other transmis-
sion media (indicated in FIG. 11 by cable 112 which is
connected to television or video monitor 106). In such an
arrangement, compact video game controller 100 and the
microprocessor of video game console 102 can be pro-
grammed to provide the user interface functions required for
transmission and reception of signals via the interactive
system. Alternatively, the signals provided by video game
console 102 (or handheld unit 12 if FIG. 1) can be supplied
to the user interface of the interactive system (not shown in
FIG. 11) in a format that is compatible with the interactive
system and allows the system user interface to be used to
control signal transmission between the healthcare system
and a remote facility such as clearinghouse 54, FIGS. 1 and
2.

The invention claimed is:
1. A physiological data monitoring system comprising:
(a) at least one central server arranged to receive and
communicate data;
(b) at least one microprocessor-based subsystem
(1) including at least one microprocessor, a display and
a memory,
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(i1) configured to present information on the display
and provide a digital signal representative of physi-
ological data from a person, and

(iii) arranged to establish a communication link to the
central server, facilitate a communication of the
physiological data on the communication link to the
central server and disconnect the communication
link after the communication of the physiological
data has finished; and

(c) at least one health care professional computer in signal

communication with the central server to receive
health-related information based on the physiological
data received from the microprocessor-based sub-
system, wherein the central server stores additional
data received from the health care professional com-
puter and provides the additional data to the micropro-
cessor-based subsystem to run after the communication
link has been established by the microprocessor-based
subsystem, the additional data including instructions to
the person effecting a change in a treatment regimen
based on earlier physiological data.

2. The system of claim 1, wherein the microprocessor-
based subsystem further includes

(a) a data management unit adapted for digital data signal

processing; and

(b) a monitoring device that can transmit data to be

received directly by the data management unit or that

can be connected to data management unit.

3. The system of claim 2, wherein at least one monitoring
device is (a) configured to monitor at least one person’s
condition; and (b) connected to facilitate communication of
data related to the monitored condition to the central server.

4. The system of claim 3, wherein at least one monitoring
device includes one or more of the set consisting of

(a) a blood glucose monitor;

(b) a blood pressure monitor;

(c) a pulse monitor; and

(d) a body temperature monitor.

5. The system of claim 1, wherein the at least one
microprocessor, the display and the memory is in a handheld
device.

6. The system of claim 1, wherein the microprocessor-
based subsystem displays pictorial information.

7. The system of claim 1, wherein the microprocessor-
based subsystem displays animated information.

8. The system of claim 1, the microprocessor-based
subsystem further includes at least one of an insertable
program card or cartridge.

9. The system of claim 8, wherein instructions in the
program card or cartridge are configured to facilitate the
monitoring.

10. The system of claim 1, further including at least one
personal computer connected for use by the person.

11. The system of claim 1, wherein the system is config-
ured to use the physiological data to process a report.

12. The system of claim 11, wherein the report includes
graphs and/or icons.

13. The system of claim 11, wherein the report includes
information for a period of time.

14. The system of claim 1, wherein the information
includes at least one message.

15. The system of claim 14, wherein the message is
transmitted to a specific person.

16. The system of claim 1, wherein the information
includes step-by-step instructions.

17. The system of claim 1, wherein the information is
educational or motivational.
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18. The system of claim 1, wherein the presentation of
information can be controlled using at least one menu.

19. The system of claim 1, wherein the system is config-
ured to enable the additional data to be provided for storage
in the memory.

20. The system of claim 19, further comprising at least
one of an insertable program card or cartridge and wherein
at least part of the additional data is stored on the card or on
a cartridge.

21. A physiological data monitoring system comprising:

(a) at least one central server arranged to receive and

communicate data;

(b) at least one microprocessor-based subsystem

(1) including at least one microprocessor, a display and
a memory,

(i1) configured to present information on the display
and provide a digital signal representative of physi-
ological data from a person, and

(iii) arranged to establish a communication link to the
central server, facilitate a communication of the
physiological data on the communication link to the
central server and disconnect the communication
link after the communication of the physiological
data has finished; and

(c) at least one health care professional computer in signal

communication with the central server to receive
health-related information based on the physiological
data received from the microprocessor-based sub-
system, wherein the central server is configured to send
data to the microprocessor-based subsystem in
response to receiving a request from the microproces-
sor-based subsystem after the communication link has
been established by the microprocessor-based sub-
system,

where the central server stores additional data received

from the health care professional computer and pro-

vides the additional data to the microprocessor-based
subsystem after the communication link has been estab-
lished by the microprocessor-based subsystem.

22. A physiological data monitoring system comprising:

(a) at least one central server arranged to receive and

communicate data;

(b) at least one microprocessor-based subsystem

(1) including at least one microprocessor, a display and
a memory,

(i1) configured to present information on the display
and provide a digital signal representative of physi-
ological data from a person, and

(iii) arranged to establish a communication link to the
central server, facilitate a communication of the
physiological data on the communication link to the
central server and disconnect the communication
link after the communication of the physiological
data has finished, wherein the central server is con-
figured to (i) wait for the microprocessor-based
system to turn on and establish the communication
link (ii) automatically send one or more messages
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viewable by the person to the microprocessor-based
system before the communication link is discon-
nected, and (iii) notify the person of the messages;
and

(c) at least one health care professional apparatus adapted

to receive communication from the central server to

receive health-related information based on the physi-
ological data received from the microprocessor-based
subsystem and to send data to the central server;

where the central server stores additional data received
from the health care professional computer and pro-
vides the additional data to the microprocessor-based
subsystem after the communication link has been estab-
lished by the microprocessor-based subsystem.

23. The apparatus according to claim 22, wherein the
health care professional apparatus is configured to automati-
cally receive fax reports about health related information.

24. The apparatus according to claim 22, wherein the
health care professional apparatus selects from standardized
reports related to the health related information.

25. A user-related data monitoring system comprising:

(a) at least one central server arranged to receive and

communicate data;

(b) at least one microprocessor-based subsystem

(1) including at least one microprocessor, a display and
a memory,

(i1) configured to present information on the display
and provide a digital signal representative of user-
related data from a person; and

(iii) arranged to establish a communication link to the
central server, facilitate a communication of the
user-related data on the communication link to the
central server and disconnect the communication
link after the communication of the physiological
data has finished, wherein the server provides test
and calibration sequences for the microprocessor-
based subsystem after the communication link has
been established by the microprocessor-based sub-
system; and

(c) at least one health care professional computer in signal

communication with the central server to receive

health-related information based on the user-related
data received from the microprocessor-based sub-
system and to supply data to the central server;
where the central server stores additional data received
from the health care professional computer and pro-
vides the additional data to the microprocessor-based
subsystem to run after the communication link has been
established by the microprocessor-based subsystem.

26. The apparatus according to claim 25, wherein the
microprocessor-based subsystem allows additional menus to
be viewed allowing additional interactivity when the micro-
processor-based subsystem is in the test and calibration
sequence.
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