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5349 SYSTEME DE SURVEILLANCE DE L'OBSERVATION DES

INSTRUCTIONS DONNEES

(54) COMPLIANCE MONITORING SYSTEM

(57) Un appareil (10) de surveillance de 'observation des
instructions donnees comprend des capteurs (70, 72, 74,
76) qui1 detectent des conditions specifices telles que la
tempcerature et les chocs, et un processeur (26) de signal
qui enregistre des donnees de capteurs et des donnees
temporelles concurrentes destinces a ¢&tre analysées
ultérieurement. Cette mmvention peut €tre utilisée pour
surveiller, chez une personne portant un dispositif tel
quune attelle, l'observation d'un mode d'utilisation
prescrit, et pour surveiller les conditions supportées par
un paquet (100) pendant son transport.

I*I Industrie Canada  Industry Canada

(57) A compliance monitoring apparatus (10) includes
sensors (70, 72, 74, 76) for sensing specified conditions
such as temperature and impact, and a signal processor
(26) for storing sensor data and concurrent time data for
subsequent analysis. The mvention finds utility 1n
monitoring compliance with a prescribed mode of a
person wearing an appliance such as a splint (12), and
for monitoring the conditions experienced by a package
(100) during shipment.
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mode of a person wearing an appliance such as a splint (12), and for monitoring
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BACKGROUND OF THE INVENTION
20 1. FIELD OF THE INVENTION
The invention deals with the field of compliance
monitoring such as compliance with a prescribed mode for
wearing a medical appliance, or compliance with specified
shipping conditions for a package, for example. More
25 particularly, the invention 1s concerned with a
monitoring apparatus having at least one sensor for
sensing a specified condition such as temperature or
impact, and a signal processor for storing sensor data and
concurrent time data for subsequent analysis along with
30 being small, disposable, portable, and providing a

permanent record of events.

2. DESCRIPTION OF THE PRIOR ART

In the treatment of certain medical conditions,

35 a patient may be instructed to wear a medical appliance
according to a prescribed mode. For example, a patient,
having undergone surgery for carpal tunnel syndrome, may
need to wear a detachable splint immobilizing the wrist
joint. However, some patients may remove the splint

40 prematurely because of the inconvenience. If problems
develop as a result, it is often difficult to diagnose the
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reason because the attending physician is not aware that
the splint has not been worn as prescribed.

In the field of shipping, some goods must be
shipped under specific conditions. For example, some
perishable products must be shipped within a certain
temperature range and fragile products must be handled
carefully without dropping or other sudden impact.
However, 1if damaged products are received there is usually
no way to determine if or when the shipping instructions

were violated.

SUMMARY OF THE INVENTION

The present 1invention solves the prior art
problems mentioned above and presents a distinct advance
in the state of the art. In particular, the monitoring
apparatus hereof provides a date and time stamped record
of selected conditions concerning the wearing of an
appliance or a shipment of goods, for example.

The preferred embodiment includes at least one
sensor for sensing a specified condition coupled with a
signal processor for storing sensor data along with
concurrent time data. In one enmbodiment, the sensed
condition is indicative of whether a person is wearing a
prescribed appliance such as a splint. Sensors such as
temperature and 1light sensors are coupled with the
interior of the splint. The presence of body temperature
and the absence of light indicate that the splint is being
worn and converse indicate that the splint is not being
worn. Sensor data representative of these conditions are
stored along with concurrent time data in memory for
subsequent downloading and analysis in a personal
computer.

In another embodiment, the signal processor is
enclosed by a housing with sensors therein for sensing
shipping conditions within a package. These conditions

PCT/US99/10766
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might include temperature and impact. The apparatus 1is
shipped in the package along with the goods. Upon
receipt, the sensor and time data can be downloaded and
analyzed in a personal computer to determine compliance
with the shipping instructions and kept for permanent
records. Other preferred aspects of the invention are

disclosed herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a pictorial view of one embodiment
of the preferred compliance monitoring apparatus 1in
accordance with the present invention shown in use with a
splint with portions cut away for clarity of illustration
and shown being worn by a person;

Fig. 2 is an exploded, pictorial view of the

apparatus of Fig. 1;
Fig. 3 is an electrical block diagram of the

apparatus of Fig. 1;

Fig. 4 is a pictorial view of another embodiment
of the preferred compliance monitoring apparatus 1in
accordance with the present invention shown positioned 1in
a package with portions cut away for clarity of

illustration; and
Fig. 5 is a pictorial view of another embodiment

of the preferred compliance monitoring apparatus 1in
accordance with the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates a first embodiment of the
preferred compliance monitoring apparatus 10 of the
present invention shown in use with splint 12 being worn
by a person. Splint 12 includes two sections 14 and 16
held together by laces 18. Section 16 1includes wall 20
presenting inner surface 22 adjacent the skin of the
person and opposed outer surface 24. Referring also to

PCT/US99/10766
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Figs. 2 and 3, apparatus 10 includes signal processor 26,
external sensor assembly 28 and internal sensors 30.

Signal processor 26 1ncludes housing 32

enclosing signal processing circuit 34. Housing 32 1s

5 preferably composed of high impact synthetic resin

material and includes side walls 36, removable end wall

38, and connection face 40. A plurality of screws such as

screw 42 couple end wall 38 with side walls 36 and when

removed, allow access to the interior of housing 32 and

10 thereby access to circuit 34. As will be appreciated,

screw 42 or end wall 38 can be sealed to provide evidence

of tampering. Connection face 40 provides connections to

external sensor assembly 28 and to personal computer 44 as

explained further herein.
15 Signal processing circuit 34 includes

microcontroller 46 connected to power supply 48, clock 50
and non-volatile random access memory (RAM) 52.
Microcontroller 46 receives inputs from analog-to-digital
converter (ADC) 53, on/off switch SW1l, and clock set
20 switches SW2 and SW3. Microcontroller 46 provides outputs
to light emitting diode (LED) 54 and to time display 56,
and is connected with RS232 serial interface 58 for two-
way data transfer with PC 44.
External sensor assembly 28 1includes sensor
25 modules 60, 62, 64 and 66. Modules 60-66 1nclude
respective temperature sensors 70, 72 and light sensors 74
and 76 connected by wire pairs to respective mounting
blocks 78, 80, 82 and 84.
As illustrated in Fig. 2, mounting blocks 78-84
30 are configured to fit one atop the other with block 84
positioned against connection face 40 of housing 32.
Screw 94 holds modules 60-66 in position coupled with
housing 32.
Respective pairs of connection pins 86, 88, 90
35 and 92 fit through the modules as illustrated to align

T oAl -
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modules and to provide the electrical connection between
sensors 70-76 and ADC 53.

The configuration of apparatus 10 enables
convenient replacement of modules or the connection of
more or fewer modules as needed. It will be appreciated
that there are a wide variety of other types of sensors
that can be used for measuring particular conditions as
needed. These include sensors for moisture, motion,
position, impact and skin resistivity, for example.

Referring to Fig. 1, temperature sensor 70 is
positioned in splint wall 20 flush with inner surface 22
to sense body heat, and temperature sensor 72 is
positioned on the opposite side of wall 20 flush with
cuter surface 24 to sense ambient temperature. Similarly,
light sensor 74 is positioned flush with inner surface 22,
and light sensor 76 is positioned flush with outer surface
24.

By providing two types of sensors, and two
sensors of each type, the accuracy of apparatus 10 18
enhanced. 'For example, inner temperature sensor 7O
adjacent the wearer's skin may indicate body temperature
but such would not indicate that splint 12 is belng worn
if ambient temperature 1is also the same as normal body
temperature, which might occur outdoors in warm weather.
However, outer light sensor 76 would indicate the presence
of light and inner light sensor 74 would indicate darkness
within splint 12, thereby confirming that the person 1s
wearing splint 12.

In another circumstance, both light sensors 74,
76 might indicate darkness such as when the person is
sleeping, but temperature sensors 70 and 72 would indicate
a differential with sensor 70 being at body temperature.
This would confirm that splint 12 is being worn.
Conversely, if both temperature sensors 70, 72 are at the
same temperature, and light sensors 74, 76 indicate the

st I TR RN L 1 SWALIde o7 e d
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same light level, then such would indicate that splint 12
is not being worn.

Internal sensors 30 can include any of the types
discussed above. In the embodiment of Fig. 1, for
example, internal sensors 30 could include a motion sensor
for providing confirming information that the splint is
being worn. As another example, internal sensors 30 could
include a temperature sensor for indicating ambient
temperature rather than having an external sensor for this
purpose.

Fig. 1 illustrates one example of the use of
apparatus 10 with splint 12 on a person's arm 96. In
preparation, screws 42 are removed and end wall 38 removed
to provide access to time set switches SW2 and SW3 and
also to time display 56. Switches SW2 and SW3 are used to
set the time of day and date as shown by display 56.
These settings determine the time-of-day data stored in
association with sensor data discussed further herein.
End wall 38 and screws 42 are then replaced and sealed if
desired. Also as part of the set up routine, PC 44 1is
connected to signal processor 26 to initialize the program
stored in microcontroller 46 and to initialize RAM 52.

Splint 12 is then positioned on the patient's
arm 96. With splint 12 in place, switch SW1l 1s pressed to
activate signal processor 26 including microcontroller 46.

In operation, signal processor 26 samples the
inputs from external sensors 70-76 and internal sensors
30.‘ These sensors provide analog sensor signals that are
converted by ADC 53 to digital sensor signals received by
microcontroller 46.

In response to the receipt of the digital sensor
signals, microcontroller 46 stores sensor data
representative thereof 1n RAM 52. Additionally,
microcontroller 46 stores concurrent time-of-day data
received from clock 50 in RAM 52 in association with the
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sensor data. In the preferred embodiment, the time-of-day
data also includes the calendar date. It is preferred
that sampling rate and the capacity of RAM 52 be such so
that six months' of data can be stored in RAM 52.

5 After the prescribed time period, signal
processor 26 is connected with PC 44. The data from RAM
52 is downloaded to PC 44 which analyzes the data to
determine the time frames during which splint 12 was worn
and not worn. This . data can then be displayed in a

10 conventional manner to illustrate when the splint was worn

and when it was not.
Wwith this information, it can be determined

whether the patient complied with the prescribed mode of

treatment. For example, if the patient's condition has
15 not improved and the splint has not been worn as

prescribed, this can provide valuable information to the

person making the diagnosis. Similarly, 1f the patient's

condition has not improved but the patient has complied by

wearing the splint as prescribed, then a different
20 diagnosis and treatment regiment may result.

Fig. 4 illustrates another embodiment of the
present invention. Specifically, Fig. 4 shows apparatus
10 positioned within package 100 for monitoring the
shipping conditions experienced Dby package 100. The

25 °~ specific conditions monitored depend upon the nature of
the goods being shipped and the mode of transport.

For example, 1if the goods are temperature
sensitive, then either internal or external temperature
sensors would be used with apparatus 10. If the goods are

30 received in less than expected condition, the sensor and
time data can be downloaded and analyzed on PC 44 to
determine if the goods experienced temperatures outside
the prescribed range during shipment. This can be
important to demonstrate for 1insurance recovery Or the

35 like. In other circumstances, the goods might be fragile

...........
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in which case the sensors would include an impact sensor,
that is, accelerometer. Data from this type of sensor
would indicate whether the package had been dropped, for
example. As a further example, it might be important that
the package remain upright during shipment. In this case,
the sensors could include a position sensor to indicate
the orientation of the package during shipment. Other
sensors might include humidity and moisture, for example.

Fig. 5 illustrates still another embodiment of
the present invention. In particular, Fig. 5 shows
apparatus 10 received in pouch 102 attached to the
outboard face of belt 104 with three sensors 106, 108 and
110 in the nature of pressure switches attached to the
inboard face of belt 104 and spaced therealong. Belt 104
is configured to be worn by a bed-ridden patient with
sensors 106-110 indicating the position of the patient,
that is, whether the patient 1is lying on one side, the
other side or on the patient's back. The corresponding
sensor data stored in RAM 52 provides a record of whether
the patient has been turned frequently enough to avolid bed
sores, for example.

Those skilled in the art will appreciate that
the present invention encompasses many variations 1in the
embodiments described hereiln. Having described these
embodiments, the following 1s claimed as new and desilred

to be secured by Letters Patent:
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CLAIMS:

1.

A 004

. {PEA/US 08 FEB <I'tY

A compliance monitoring apparatus for monitoring the

amount ©of time a person wears a medical appliance according . to

a prescribed mode, said apparatus comprising:

SENnsor means, including means for coupling with the medical

appliance, for sensing a condition indicative - of
whether the person is wearing the medical appliance

and for producing sensor signals representative
thereof; and

signal processing means, including a data storage and

2.

retrieval device and means for producing time data
representative of the time of day, for receliving said
sensor signals and responsive thereto for storing, in

said data storage and retvrieval device, sensor data

assoclation therewith, said sensor data and concurrent
time data cooperatively representing the time frames
during which the medical appliance was worn by the
person so that the amount of time the person wears the
medical appliance can be determined for monitoring
whether the person has worn the medical appliance

according to the pres-:ribed mode.

The apparatus as set forth in c¢laim 1, further

including analysis means for analyzing said sensor data and time

data for determining said time frames and comparing said time

frames to a prescribed mode to determine whether the person has

worn the medical appliance according £o the prescribed mode.
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3. The apparatus as set forth in claim 2, said analysis
means including a personal computer including a computer program
stored therein on computer readable memory for operating said
personal computer to perform said analyzing.

4 . The apparatus as set forth in claim 1, said sensor
means 1ncluding at least one of a moisture sensor, motion sensor
and skin contact sensor for sensing the respective conditions of
molsture on a person’s skin adjacent the medical appliance,

motion of the medical appliance during wearing, and skin

resigtlvity.

5. The apparatus as set forth in claim 4, said sensor

means including a plurality of said sensors.

6. The apparatus as set forth in claim 1, said signal

processing meansg including a mic¢rocontroller.

7. The apparatus as set forth in claim 1, said data

storage and retrieval device including a nonvolatile random

aCcess memory.

8 . The apparatus as set forth in claim 1, said time data
including the date.

9. The apparatus as set forth in claim 1, the medical
appliance including a splint, said sensor means including means
for sensing 1 condition indicative of whether the person is

wearing the splint.
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