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DISPOSABLE ELECTRONIC MONITOR
DEVICE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

The present invention relates to electronic monitor
devices intended for disposable use in packaging. Such
devices may monitor temperature, humidity, pressure.
acceleration, and other parameters which may affect trans-
ported goods.

Temperature monitors are important in any industry
involving products that are temperature sensitive. This
includes such broad categories as food and beverages,
medical and pharmaceuticals, biologicals, and industrial
chemicals and adhesives. In addition to producers within
these industries, monitoring the environment of products is
important to distributors, suppliers, storage facilities, and
large service providers such as hospitals, the military, and
large restaurant chains.

Within each of these industries there are a variety of
reasons for using an environment monitoring device. For
example. such monitors may be used as an aid in controlling
product quality, to monitor the performance of shippers. to
minimize product loss due to tempemturc: exposure, and to
aid in identifying responsible parties in instances of product
loss. It is known that substantial amounts of fresh produce
are lost each year in the transportation phase of distribution,
largely due to temperature variations during transport.

While temperature is a significant cause of damage to
transported goods, it is not the only cause of damage. Other
identified causes include improperly stacked boxes resulting
in shock to the packaging, improper packaging materials
leading to shatter, product damage during loading, and
moisture loss. Improper handling often leads to in-transit
vibration which may aggravate problems started at the
packing house. It may be important, in a given field. to
monitor any one or all of these factors to control shipping
loss to goods.

Over the years, commercially available products have
been developed to monitor temperature for transportation of
goods. These products often include strip recorders that
produce hard copy output. The classic strip recorder
recorded temperature on a revolving drum, the speed of
which could be altered depending upon the amount of time
that needed to be recorded. Modem strip recorders are more
likely to be digital and will store the information as it is
recorded for later retrieval. For those devices, a specialized
reader or a computer with a graphics capability printer 1s
required to read out the recorded information. One commer-
cially available product incorporating such a strip recorder is
manufactured by Ryan Instruments, Redmond, Wash.

The Ryan monitors are relatively large, and are intended
to be installed either in the environment of a transportation
vehicle. or in large containers containing the temperature-
sensitive goods. The Ryan monitors record temperatures in
memory, and the recorded information is accessible by an
external access device, such as a computer, by printout using
a bimetal coil recorder, or by visual LCD display. Various
models of Ryan monitors test for humidity, with simlar
forms of data output.

Control One, Inc., Stamford, Conn., manufactures a line
of time and temperature monitors. These devices have
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internal recorders utilizing stainless steel or Teflon probes.
Temperature readings may be taken as often as every four
seconds, or as infrequently as once every 72 hours. These
devices are generally housed in a closed housing unit which

can be selectively turned on and off. In many shipping
situations it is undesirable to enable the user to turn off an
activated system, since it would facilitate fraudulent read-

ings.

Both the Ryan and the Control One devices are pre-
programmed by the manufacturer to read a broad range of
temperatures., or an end-user specified range. Both manu-
facture devices which may be coupled to an external printing
device, and some must be returned to the manufacturer for
a secure parameter reading.

A third type of device is manufactured by 3M. St. Paul.
Minn. These “product exposure indicators” give visual sig-
nals of temperature exposure. The devices are generally in
the form of tags and labels which record the cumulative
exposure time spent over certain temperatures. These indi-
cators function by means of an irreversible physical change.
If exposure occurs beyond a specific temperature level, these
indicators detect and record the extended temperature eleva-
tion.

In an exemplary 3M device, each tag has a temperature set
point, and visually indicates the temperature change by color
change or indicator movement. Each tag has a series of
viewing windows on the top surface, protected by a clear
film overlay. When the activation temperature of the tag is
exceeded, e.g., above 10° C., a blue color appears in a
window, and gradually moves across the tag windows with
time. Movement of the color indicator is halted if tempera-
ture falls below the set point. and resumes again with
temperature rise. The location of coloration shown through
the viewing windows is a function of time and temperature.
That is, a short period of exposure at a relatively high
temperature will result in coloration comparable to a longer
period of exposure at a lower temperature.

These types of devices do not enable long-term parameter
monitoring against user-determined preselected parameters.
It is important that the monitoring device be tamper-
resistant, to prevent manipulation of the recorded readings.
It is also desirable that the end-user be able immediately to
take a reading of any temperature fluctuation. Cumulative
measurements are not as useful as discrete event detection
for those situations when short-term exposure to extreme
temperatures is detrimental to the goods, such as pharma-
ceuticals or other biological matenals.

Accordingly it is an object of the present invention to
provide a relatively accurate, dynamic and inexpensive way
to monitor the temperatures to which products are subjected
during shipment.

SUMMARY OF THE INVENTION

The present invention generally relates to apparatus for
monitoring an externally applied parameter, such as
temperature, to selected products.

More specifically. the invention involves a housing
enclosing a sensor, and a monitoring and output network.
The sensor has a characteristic that varies in some prede-
termined manner with variation in the monitored parameter.
For example. if the parameter to be measured is temperature,
the sensor has a characteristic that varies in response to
changes in temperature. Alternatively, the sensor may have
a characteristic that varies with such parameters as pressure,
acceleration., and humidity.

The monitoring and output network involves a sensor
which produces a signal representative of the monitored
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characteristic. Values associated with the signal, e.g.. actual
temperature values, are stored in a memory device for
subsequent, selected retrieval. The values may be retrieved
by means of a read-out device selectively coupled to the
monitor apparatus. or may be displayed on a visual display
device. The network may be an integrated circuit, and is
adapted to monitor the output of the sensor.

The apparatus may store several different values. For
example, one value may represent a combination of the
maximurn value for a selected characteristic, together with
the time that value was achieved. Another value may rep-
resent the minimum value for the selected characteristic,
together with the time at which that value was reached.
Another value may correspond to the time integral of the
selected characteristic above or below a predetermined
threshold value. Time measurements may include: the time
that the particular value of a signal first exceeded a prede-
termined threshold value; the time that the value of the
signal most recently exceeded a predetermined threshold
value; the time that the value of the signal first fell below a
predetermined threshold value; and/or the time that the value
of the signal most recently fell below a predetermined
threshold value.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other advantages of the present invention will
be more tully understood by reference to the following
detailed description in conjunction with the attached draw-
ings in which:

FI1G. 1 is a perspective view of a temperature monitoring
device embodying the present invention;

FIG. 2 shows in block diagram form the circuit of the
embodiment of FIG. 1;

FIG. 3 is a top elevation view of an interrogation device
for the monitoring device of FIG. 1;

FIG. 3A is a sectional view of the interrogation device of
FIG. 3; and

FIG. 4 1s a graph illustrating the various temperature
parameters that may be monitored using an embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention generally is a programmable elec-
tronic monitor device for measuring sclected parameters,
such as ambient temperature. and humidity. While the
illustrated. preferred embodiment is described below in
terms of a temperature monitor, equivalent devices for
measuring other parameters such as pressure, humidity, and
acceleration, are contemplated as falling within the scope of
this disclosure.

Generally, the device monitors preselected parameters
associated with transportation and/or storage of goods. The
values obtained for the parameters are internally compared
against a predetermined set of threshold values. Identified
instances of inconsistency or consistency between the
threshold values and actual measurements are reported.
Parameters and values may be stored in a memory device for
subsequent interrogation by the end-user.

In one embodiment where the monitored parameter is
temperature, the device compares temperatures encountered
in storage or transit, to a previously established range of
acceptable values. The device may then store selected data,
such as data representative of (1) the occurrence of excur-
sions outside of the acceptable range, (2) times of occur-
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rence of the first cross-over and last cross-over from accept-
able values to overage and/or underage (measured with
respect to the acceptable value range) for excursions outside
the acceptable range. (3) times of occurrence of and mag-
nitude of the extreme values during excursions outside the
acceptable range, and (4) the number of out-of-range excur-
sions. Generally, the stored information may be retrieved in
two ways: 1) visual display upon user-activation of a display
device; or 2) down-loading to an external computer device.

A preferred embodiment of the present invention is shown
in FIG. 1. In that illustrated embodiment, the device 10
includes a housing element 12. The housing element 12
encloses an internal thermistor 14 and associated circuit 14a
(both shown in FIG. 2) and an optical port 18. such as a pair
of light emitting diodes (LED’s), LED1 (RED) and LED2
(GREEN). In the illustrated embodiment of FIG. 1. the
device 10 includes data output control switch 16, which is
adapted to initiate a data output operation. In the illustrated
embodiment, the optical port 18 and output control switch
16 are mechanically keyed to interface with an output device
30 (shown in FIG. 3). The output device S0 may be a
computer, a printer, or a specially-adapted device for receiv-
ing input from the device 10 through port 18 upon activation
of switch 16.

The housing element 12 of illustrated device 10 is pref-
erably manufactured using acrylonitrile butadiene-styrene
(ABS) that is formed into the desired shape using conven-
tional molding methods. The shape of the housing element
may be round, oval. or any other geometric configuration.
The illustrated housing element has a diameter of approxi-
mately 2.5 inches, a height of approximately 0.625 inches.
and a weight of approximately 42 grams. However, the
housing element may have different dimensions. depending
upon the size of the individual components contained
within. A pair of electrically insulating flexible pull-strips 40
and 42 extend from slits in the sidewall of housing 12.

The internal thermistor is thermally coupled to the exter-
pal environment-to-be-monitored, and consists of any
material. such as a semiconductor material which is reactive
to changes in the designated parameter. such as temperature.

Alternatively, devices selectively sensitive to other
parameters, such as shock, humidity. or ambient pressure,

may be used.

The device 10 further may include an indicator test button
20 to initiate a visual read-out at the port 18 indicative of
whether the device 10 is operative at any point in time
without disrupting the monitoring function of the device.
Alternatively, a separate blinking LED may be used to
indicate the operative state of the device. Other features may
be added to the device to augment monitoring activities or
read-out capabilities. These additional auxiliary features are
contemplated as being within the scope of the present
invention.

FI1G. 2 shows thermistor 14 and circuit 14a for device 10,
The circuit 14a is a microprocessor-controlled network that
1s coupled between thermistor 14 and the optical port 18.
Circuit 14a includes an analog-to-digital converter 30
coupled in series between thermistor 14 and a microproces-
sor 32 and associated memory (storage) device 34, A start
device 36 and a stop device 38 are coupled by way of a
START signal line 36a and a STOP signal line 38a.
respectively, to the microprocessor 32. The microprocessor
32 is coupled to optical port 18 by way of input/output (1/0)
bus 39. Preferably. the circuit 14a is a single integrated
circuit, permitting a low cost, compact, and low power
implementation. In such embodiments, the device 10 may be
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operated over relatively long periods of time under battery
power, yet still be sufficiently low cost to be considered
“disposable”, especially compared with prior art monitoring
devices.

In the preferred embodiment, the microprocessor 32 is
programmed to operate in three modes: (1) sleep mode, (2)
monitor mode and (3) stop mode. In the sleep mode, the
device 10 is programmed to establish a predetermined range
of allowed values of temperature (thereby inherently defin-
ing a non-allowed range). In this mode, relatively low power
is drawn from the battery to keep the programmed device
ready for operation in the monitor mode.

In the monitor mode, the measuring and processing func-
tions of circuit 14a arc activated, so that the device 10
actively monitors temperature and then determines and store
the temperature data relating to environment of device 19. In
the stop mode, the measurecment and processing functions
are irreversibly stopped, and the device 10 is maintained in
a low power consumption mode, and is adapted for exter-
nally triggered read-out of the stored data from memory 34.

The start device 36 and stop device 38 are each coupled
to input lines of the microprocessor 32. Devices 36 and 38
are independently actuable by a user to signal a desired
change in the mode of operation of the device 10. In the
illustrated embodiment, each of devices 36 and 38 includes
an electrically insulating “pull-strip” (pull-strip 40 for
device 36 and pull-strip 42 for device 38) positioned
between a terminal 36b at an end of the START signal line
36a and a2 ground connection for device 36 and a terminal
38b at the end of the STOP signal line 38a and a ground
connection for device 38. The distal ends of pull-strips
extend through associated slots in the sidewall of housing
12. Terminals 36b and 38b are both spring biased against
their respective ground connection so that the respective one
of insulating pull-strips 40 and 42 may be removed from
device 10, thereby establishing a ground potential at the
respective one of lines 36a and 38a. The microprocessor 32
is programmed so that when pull-strip 40 is removed from
start device 36. then device 10 transitions from its sleep

mode to its monitor mode, and when pull-strip 42 is
removed from stop device 38, then device 1@ transitions
from the monitor mode to the stop mode. In this
configuration. an economical, tamper-resistant temperature
monitoring device is provided.

The optical port 18 may be selectively operative to enable
a user to obtain a visual indication of certain selected
conditions. For example, in the illustrated embodiment, the
optical port 18 consists of a red LED and a green LED,
LEDI1 (RED) and LED2 (GREEN). These LED’s are opera-
tively coupled to a data switch 16 which, when depressed.
signals (via line 16a) microprocessor 32 that a data interro-
gation operation is to be initiated in response to that signal.

If there has been no out-of-range excursion since device
10 has been activated in its monitor mode (as described
below), then microprocessor 32 causes the green LED2 to be
illuminated in a coded manner to generate an optical signal
representative of the stored data from memory 34 which is
indicative of the highest and lowest temperatures (and times
of occurrence) since activation.

If there has been at least one out-of-range excursion since
activation, microprocessor 32 causes red LED1 to be 1llu-
minated in a coded manner to generate an optical signal
representative of the stored data from memory 34 indicative
of out-of-range related data. as described below.

Thus, with the invention. device 10 included an optical
port that provides optical data that (1) may be interpreted
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visually by a user (to decide if no out-of-range excursions
have occurred (greem) or to decide if there were such
excursions (red) and (2) may be down-loaded to a computer
to give specific characteristics of the monitored temperature.

The output means includes an opftical signal generator for
generating the output signal, which is visually perceptible
and coded to be representative of selected ones of the stored
values. The coded output signal is preferably binary.

FIG. 3 shows a read-out device 50 that is adapted to
down-load (or read out) stored data from device 10. Read-
out device 50 includes an interface region SOA that has a
surface that is substantially complimentary to the upper
surface of device 10. A pair of photoreceptors 52 and 54 and
an outwardly protruding extension member 56 are posi-
tioned in region S0A with a geometrical layout correspond-
ing to that of LED1, LED2, and data switch 16. With that
configuration, the device 10 may be placed so that the
complementary regions of devices 10 and 50 are adjacent

and the photoreceptors 52 and 54 are aligned with LED1 and
LED2, respectively, of optical port 18, and so that the
extension member 56 is adjacent to and depresses data
switch 16. Device 50 includes a microprocessor controlled
circuit {(indicated by reference designation 62a in FIG. 3)
that is adapted to receive the optical signals generated by
LED1 and LED2 and to process that data in a manner
desired by a user., for example. print out that data in hard
copy form. The device 50 may in some embodiments be
configured as an interface to a conventional programmed
digital computer.

In the illustrated embodiment, the thermistor 14 receives
a signal from the environment representative of a change in
temperature. The thermistor 14 communicates the change to
the circuit 14a, which circuit includes a memory device 34
for storing preselected parameters. and for storing the tem-
perature change detected by the thermistor 14.

The device 10 may be preferably programmed to compare
actual parameter readings against pre-programmed param-
eters. FIG. 4 shows exemplary output data which may be
stored in memory of the device 10 for subsequent retrieval.
In FIG. 4, a graph of temperature versus time is shown with
respect to an allowed range of temperatures between an
upper limit and a lower limit. Point A on the graph defines
the time T1 that a first over-temperature reading occurred.
Point B defines both the peak temperature experienced by
the device and the time T2 that the peak temperature
occurred. Point C defines the time T3 that a last over-
temperature event occurred. and the area D under the curve
and above the upper limit represents the time integral of
over-temperature for the excursion between T1 and T3. In
cases where a succession of over-temperature excursions
occur, the cumulative time integral of the over-temperature
excursions is stored. These measurements are made relative
to the upper limit of the device as it is pre-programmed into
the memory of the device by either the end-user or the
manufacturer.

Regarding measurements made relative to the pre-
programmed lower limit of the device. these are comparable
to those measurements made relative to the upper limit. As

illustrated in FIG. 4, the time T4 of first under-temperature
measurement is encountered is shown as Point E. Point F

represents both the lowest temperature encountered and the
time TS that temperature was encountered. The time T6 that
the last under-temperature occurred i1s shown at Point G. The
area between the temperature curve and the lower Limit
represents the time integral of under-terperature excur-
sions. Where there is a succession of under-temperature
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excursions. the cumulative integral of those excursions is
stored. All of the data A through H are stored in memory 34
of device 10, together with data representative of the number
of out-of-range excursions of temperature (i.e. 2). These
parameters are exemplary., and other parameters and
dynamic measurements may be performed by embodiments
of the present invention.

As an example, Table I shows a set of data representative
of the read-out of an exemplary device 10 set for tempera-
ture limits of 80° F. and 60° F., with 2 minute measurement
intervals and a 2 minute start-up delay. where the start
pull-strip was pulled at 8:50 A.M. on Sep. 16, 1991 and the
stop pull-strip was pulled at 11:16 A.M. on Oct. 1. 1991.

Record read: 11:16 AM. 10/01/1991 Temperature: 76° F.
(75.73)

CONFIGURATION:

Senal mmmber: 100

Temperature Iimits: 80° E. 60° F.
Measurement mierval: 2 mun
Startup delay: 2 min

Offset: O

Counter threshold: 2° F.
MEASURED DATA:

Record start: 08:50 A M. 05/16/1991
enct: 11:16 AM. 10/01/1991

TemErature extremes:

84° F. 08:56 A.M. 09/165/1991
54° F. 07:26 A M. 09/25/1991
OVER TEMPERATURE:

Time: 76 mm Area: 138° F. X min
Farst time: 10:50 A.M. 09/18/1991
Last time: 06:42 PM. 09/27/1991
Number of events: 2

UNDER TEMPERATURE:

Time: 2346 min Area: §190° F. X min
First time: 03:20 A.M. 05/28/1991
Last time: 08:42 AM. 06/30/1991
Number of events: 3

Table I also indicates a cumulative time over-temperature
of 76 minutes and a cumulative time under-temperature of
2346 minutes.

The invention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiments are therefore to be con-
sidered in all respects as illustrative and not restrictive, the
scope of the invention being indicated by the appended
claims rather than by the foregoing description, and all
changes which come within the meaning and range of
equivalency of the claims are therefore intended to be
embraced therein.

What is claimed is:

1. Apparatus for monitoring an externally applied
parameter. comprising

a housing enclosing:

A. a sensor having a characteristic that varies in a
predetermined manner with variation of said param-
eter;

B. a monitoring and output network including:

i. means coupled to said sensor for generating a
signal representative of variations of said charac-
teristic over time,

ii. first storage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent

portion of said signal, and

10

15

25

30

35

45

50

55

65

8

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values; and

C. a power supply in operable communication with said
sensor and said network.

2. Apparatus according to claim 1 wherein said parameter
is selected from the group consisting of temperature,
pressure, humidity, and acceleration.

3. Apparatus according to claim 1 wherein said monitor-
ing and output network is an integrated circuit.

4. Apparatus according to claim 1 wherein said first
storage means includes means for generating and storing at
least one of the group consisting of:

A. the value of said signal representative of the maximum
value of said characteristic and the tume of generation
of said value;

B. the value representative of the minimum value of said
characteristic and the time of generation of said value;

C. the value corresponding to the time integral of said
characteristic [beyond] outside of an acceptable range
or above or below a predetermined threshold value;

D. the time that the value of said signal first exceeded a
predetermined threshold value;

E. the time that the value of said signal most recently
exceeded a predetermined threshold value;

F. the time that the value of said signal first fell below a
predetermined threshold value; and

G. the time that the value of said signal most recently fell
below a predetermined threshold value, and

H. the number of excursions [beyond] outside of an
acceptable range or above or below a predetermined
threshold value, and

1. the value corresponding to the cumulative time of said
characteristic outside of an acceptable range or above
or below a predetermined threshold value.

5. Apparatus according to claim 4 wherein said parameter
is selected from the group consisting of temperature,
pressure, humidity, and acceleration.

6. Apparatus according to claim 4 wherein said monitor-
ing and output network is an integrated circuit.

7. Apparatus according to claim [6} 8 wherein said coded
output signal [coding] is binary.

8. Apparatus according to claim 4 wherein said output
means includes an optical signal generator for generating
said optical signal. said output signal being visually percep-
tible and being coded to be representative of said selected
ones of said stored values. |

9. Apparatus according to claim 1 further comprising
selectively operative means for interrogating said monitor-
ing and output network and for generating data representa-
tive of selected ones of said stored values.

10. Apparatus according to claim 1 further comprising:

remotely adjustable second storing means for storing
predetermined comparative values, and

means for comparing said stored values of said signal
with said comparative values, said comparing means
including means for generating a signal representative
of any discrepancy between said stored values from
said first storage means and said comparative values of
said second storage means.

11. Apparatus according to claim 1 wherein said output
means includes an optical signal generator for generating
said output signal, said output signal being visually percep-
tible and being coded to be representative of said selected
ones of said stored values.
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12. Apparatus according to claim 11 wherein said coded
output signal [coding] is binary.

13. Apparatus according to claim 4 wherein said output
signal is representative of a first binary state if no excursions

of said characteristic outside of an acceptable range or
above or below a predetermined threshold value have

occurred, and wherein said output signal is representative of

a second binary state if at least one excursion of said
characteristic outside of an acceptable range or above or
below said threshold value has occurred.

14. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the value of said signal representative of the maximum value
of said characteristic and the time of generation of said

value.
15. Apparatus according to claim 4 wherein said first

storage means includes means for generating and storing
the value representative of the minimum value of said

characteristic and the time of generation of said value.

16. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the value corresponding to the time integral of said char-
acteristic outside of an acceptable range or above or below
a predetermined threshold value.

17. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the time that the value of said signal first exceeded a
predetermined threshold value.

18. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the time that the value of said signal most recently exceeded
a predetermined threshold value.

19. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the time that the value of said signal first fell below a
predetermined threshold value.

20. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the time that the value of said signal most recently fell below
a predetermined threshold value.

21. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the number of excursions outside of an acceptable range or
above or below a predetermined threshold value.

22. Apparatus according to claim 4 wherein said first
storage means includes means for generating and storing
the value corresponding to the cumulative time of said
characteristic outside of an acceptable range or above or
below a predetermined threshold value.

23. Apparatus according to claim | wherein said moni-
toring and output network is programmed to operate in:

o)
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a) a sleep mode, wherein a predetermined range of

allowed values of temperature is established,

b) a monitor mode, wherein the measuring and processing
functions are activated, and
c) a stop mode, wherein the measuring and processing
functions are irreversibly stopped,
wherein said monitoring and output network further com-
prises independently actuatable start and stop devices for
indicating a change in the mode of operation.
24. Apparatus for monitoring an externally applied
parameter comprising:
a housing enclosing:

A. a sensor having a characteristic that varies in a
predetermined manner with variation of said
parameter,

B. a monitoring and output network including:

i. means coupled to said sensor for generating a
signal representative of variations of said charac-
teristic over time,
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ii. first storage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent
portion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values; and

C. a power supply in operable communication with
said sensor and said network,

wherein said first storage means includes means for gener-
ating and storing at least one of the group consisting of:

A. the value of said signal representative of the maxi-
mum value of said characteristic and the time of
generation of said value;

B. the value representative of the minimum value of
said characteristic and the time of generation of said
value;

C. the value corresponding to the time integral of said
characteristic outside of an acceptable range or
above or below a predetermined threshold value;

D. the time that the value of said signal first exceeded
a predetermined threshold value;

E. the time that the value of said signal most recently
exceeded a predetermined threshold value;

F. the time that the value of said signal first fell below |
a predetermined threshold value;

G. the time that the value of said signal most recently
fell below a predetermined threshold value;

H. the number of excursions outside of an acceptable
range or above or below a predetermined threshold
value; and

1. the value corresponding to the cumaulative time of
said characteristic outside of an acceptable range or
above or below a predetermined threshold value.

25. Apparatus according to claim 24 wherein said param-
eter is selected from the group consisting of temperature,

pressure, humidity and acceleration.

26. Apparatus according to claim 24 wherein said moni-
toring and output network is an integrated circuit.

27. Apparatus according to claim 24 wherein said output
means includes an optical signal generator for generating
said output signal, said output signal being visually percep-
tible and being coded to be representative of said selected
ones of said stored values.

28. Apparatus according to claim 27 wherein said coded
output signal is binary.

29. Apparatus according to claim 24 further comprising
selectively operative means for interrogating said monitor-
ing and oulput network and for generating data represen-
tative of selected ones of said stored values.

30. Apparatus according to claim 24 further comprising
remotely adjustable second storing means for storing pre-
determined comparative values, and means for comparing
said stored values of said signal with said comparative
values, said comparing means including means for gener-
ating a signal representative of any discrepancy between
said stored values from said first storage means and said
comparative values of said second storage means.

31. Apparatus according to claim 28 wherein said output
signal is representative of a first binary state if no excursions
of said characteristic outside of an acceptable range or
above or below a predetermined threshold value have
occurred, and wherein said output signal is representative of
a second binary state if at least one excursion of said
characteristic outside of an acceptable range or above or
below a predetermined threshold value has occurred.

32. Apparatus according to claim 24 wherein said moni-
toring and output network is programmed 10 operate in:

a) a sleep mode, wherein a predetermined range of
allowed values of temperature is established,
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b) a monitor mode, wherein the measuring and processing
functions are activated, and

c) a stop mode, wherein the measuring and processing
functions are irreversibly stopped,
wherein said monitoring and output network further com-
prises independently actuatable start and stop devices for
indicating a change in the mode of operation.

33. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the value of said signal representative of the maximum value
of said characteristic and the time of generation of said
value.

34. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the value representative of the minimum value of said
characteristic and the time of generation of said value.

35. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the value corresponding to the time integral of said char-
acteristic outside of an acceptable range or above or below
a predetermined threshold value.

36. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the time that the value of said signal first exceeded a

predetermined threshold value.

37. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the time that the value of said signal most recently exceeded

a predetermined threshold value.

38. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the time that the value of said signal first fell below a
predetermined threshold value.

39. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the time that the value of said signal most recently fell below

a predetermined threshold value.
40. Apparatus according to claim 24 wherein said first

storage means includes means for generating and storing
the number of excursions outside of an accepiable range or

above or below a predetermined threshold value.

41. Apparatus according to claim 24 wherein said first
storage means includes means for generating and storing
the value corresponding to the cumulative time of said
characteristic outside of an acceptable range or above or
below a predetermined threshold value.

42. Apparatus for monitoring an externally applied

parameter comprising
a housing enclosing:

A. a sensor having a characteristic that varies in a
predetermined manner with variation of said param-
eter;

B. a monitoring and output network including:

i. means coupled to said sensor for generating a
signal representative of variations of said charac-
feristic over ime,

ii. first storage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent
portion of said signal, and

tii. selectively operative means for generating an
output signal representative of selected ones of
said stored values; and

C. a power supply in operable communication with
said sensor and said network,

wherein said output signal is representative of a first binary
state if no excursions of said characteristic outside of an
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acceptable range or above or below a predetermined thresh-
old value have occurred, and wherein said output signal is
representative of a second binary state if at least one
excursion of said characteristic outside of an acceptable
range or above or below a predetermined threshold value
has occurred.

43. Apparatus according to claim 42 wherein said first
storage means includes means for generating and storing
the value of said signal representative of the maximum value
of said characteristic and the time of generation of said
value.

44. Apparatus according to claim 42 wherein said first
storage means includes means for generating and storing
the value representative of the minimum value of said
characteristic and the time of generation of said value.

45. Apparatus according to claim 42 wherein said first
storage means includes means for generating and storing
the value corresponding to the time integral of said char-
acteristic outside of an acceptable range or above or below
a predetermined threshold value.

46. Apparatus according to claim 42 wherein said first
storage means includes means for generating and storing
the time that the value of said signal first exceeded a
predetermined threshold value.

47. Apparatus according to claim 42 wherein said first

storage means includes means for generating and storing
the time that the value of said signal most recently exceeded
a predetermined threshold value.

48. Apparatus according to claim 42 wherein said first
storage means includes means for generating and storing
the time that the value of said signal first fell below a
predetermined threshold value.

49. Apparatus according to claim 42 wherein said first
storage means includes means for generating and storing
the time that the value of said signal most recently fell below
a predetermined threshold value.

50. Apparatus according to claim 42 wherein said first
storage means includes means for generating and storing
the number of excursions outside of an acceptable range or
above or below a predetermined threshold value.

51. Apparatus according to claim 42 wherein said first

storage means includes means for generating and storing
the value corresponding to the cumulative time of said

characteristic outside of an acceptable range or above or
below a predetermined threshold value.

52. Apparatus according to claim 42 further comprising:

remotely adjustable second storing means for storing
predetermined comparative values, and means for
comparing said stored values of said signal with said
comparative values, said comparing means including
means for generating a signal representative of any
discrepancy between said stored values from said first
storage means and said comparative values of said
second storage means.

53. Apparatus according to claim 42 wherein said moni-

toring and output network is programmed 1o operate in:
a) a sleep mode, wherein a predetermined range of
allowed values of temperature is established,

b) a monitor mode, wherein the measuring and processing
functions are activated, and

¢) a stop mode, wherein the measuring and processing
functions are irreversibly stopped,
wherein said monitoring and output network further com-
prises independently actuatable start and stop devices for
indicating a change in the mode of operation.
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EX PARTE

REEXAMINATION CERTIFICATE
ISSUED UNDER 35 U.S.C. 307

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
original patent but was deleted by the reissue patent;
matter printed in italics was added by the reissue patent.
Matter enclosed in heavy double brackets [[ ]] appeared
in the reissue patent but is deleted by this reexamination
certificate; matter printed in boldface is added by this
reexamination certificate.

AS A RESULT OF REEXAMINAITION, Il HAS BEEN
DETERMINED THAT:

Claims 1-7, 13-26 and 3251 are cancelled.

Claims 8-11, 27, 29-30 and 52 are determined to be pat-
entable as amended.

Claims 12, 28 and 31, dependent on an amended claim,
are determined to be patentable.

8. Apparatus [[according to claim 4]] for mornitoring an
externally applied parameter, comprising

a housing enclosing:

A. a sensor having a characteristic that varies in a
predetermined manner with variation of said
paremeter;

B. a monitoring and output network including:

I. means coupled to said sensor for generating a sig-
nal representative of variations of said character-
Istic over time,

Ii. first storage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an

output signal vepresentative of selected ones of

said stored values; and

C. a power supply in operable communication with said
sensor and said network;

wherein said first stovage means includes means for gen-
erating and storing at least one of the group consisting
of

a. the value of said signal vepresentative of the maxi-
mum value of said charactevistic and the time of gen-
eration of said value;

b. the value vepresentative of the minimum value of said
characteristic and the time of generation of said
value;

c. the value corresponding to the time integral of said
characteristic outside of an acceptable range or
above or below a predetermined threshold value;

d. the time that the value of said signal first exceeded a
predetermined threshold value;

e. the time that the value of said signal most vecently
exceeded a predetermined threshold value;

1. the time that the value of said signal first fell below a
predetermined threshold value; and

g. the time that the value of said signal most recently
fell below a predetermined threshold value,

h. the number of excursions outside of an acceptable
range or above or below a predetermined threshold
value, and
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I. the value corresponding to the cumulative time of
said characteristic outside of an acceptable vange or
above or below a predetermined threshold value;
and

wherein said output means includes an optical signal gen-
crator for generating said optical signal, said output
signal being visually perceptible and being coded to be
representative of said selected ones of said stored val-
ues.

9. Apparatus [[according to claim 1 further comprising]]

for monitoring an externally applied parameter, comprising

a housing enclosing:

A. a semsor having a characteristic that varies in a
predetermined manner with variation of said param-
eter,

B. a monitoring and output network including:

1. means coupled to said sensor for generating a sig-
nal representative of variations of said character-
Istic over fime,

Ii. first storage means for stoving values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values;

C. a power supply in operable communication with said
sensor and said network; and

D. selectively operative means for interrogating said
monitoring and output network and for generating
data representative of selected ones of said stored
values.

10. Apparatus [[according to claim 1 further comprising:]]

for monitoring an externally applied parameter, comprising

a housing enclosing:

A. a semsor having a characteristic that varies in a
predetermined manner with variation of said param-
eter,

B. a monitoring and output network including:

1. means coupled to said sensor for generating a sig-
nal representative of variations of said character-
Istic over fime,

Ii. first storage means for stoving values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values;

C. a power supply in operable communication with said
sensor and said network;

D. remotely adjustable second storing means for stor-
ing predetermined comparative values|[.]]; and

E. means for comparing said stored values of said sig-
nal with said comparative values, said comparing
means including means for generating a signal repre-
sentative ol any discrepancy between said stored val-
ues from said first storage means and said compara-
tive values of said second storage means.

11. Apparatus [[according to claim 1]] for monitoring an

externally applied parameter, comprising

a housing enclosing:

A. a semsor having a characteristic that varies in a
predetermined manner with variation of said parvam-
eler;

B. a monitoring and output network including:

1. means coupled to said sensor for generating a sig-
nal representative of variations of said character-
Istic over time,
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Ii. first storage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values; and

C. a power supply in operable communication with said
sensor and said network;

wherein said output means includes an optical signal gen-
erator for generating said output signal, said output sig-
nal being visually perceptible and being coded to be
representative of said selected ones of said stored val-
ues.
27. Apparatus [[according to claim 24]] for monitoring an
externally applied parvameter comprising:

a housing enclosing:

A. a sensor having a characteristic that varies in a
predetermined manner with variation of said
parameler,

B. a monitoring and output network including:

I. means coupled to said sensor for generating a sig-
nal representative of variations of said character-
Istic over time,

Ii. first stovage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values; and

C. a power supply in operable communication with said
sensor and said network,

wherein said first storage means includes means for gen-
erating and storing at least one of the group consisting
of:

a. the value of said signal representative of the maxi-
mum value of said characteristic and the time of gen-
eration of said value;

b. the value vepresentative of the minimum value of said
characteristic and the time of generation of said
value;

c. the value corresponding to the time integral of said
characteristic outside of an acceptable range or
above or below a predetermined threshold value;

d. the time that the value of said signal first exceeded a
predetermined threshold value;

e. the time that the value of said signal most recently
exceeded a predetermined threshold value;

1. the time that the value of said signal first fell below a
predetermined threshold value;

g. the time that the value of said signal most recently
fell below a predetermined threshold value;

h. the number of excursions outside of an acceptable
range or above or below a predetermined threshold
value; and

I. the value corresponding to the cumulative time of
said characteristic outside of an acceptable vange or
above or below a predetermined threshold value;

wherein said output means includes an optical signal gen-
erator for generating said output signal, said output sig-
nal being visually perceptible and being coded to be
representative of said selected ones of said stored val-
ues.
29. Apparatus [[according to claim 24]] for monitoring an
externally applied pavameter comprising:
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a housing enclosing:

A. a sensor having a characteristic that varies in a
predetermined manner with variation of said
parameler,

B. a monitoring and output network including:

1. means coupled to said sensor for generating a sig-

nal representative of variations of said character-
Istic over fime,

Ii. first storage means for stoving values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values;

C. a power supply in operable communication with said
sensor and said network,

wherein said first stovage means includes means for gen-
erating and storing at least one of the group consisting
of :

a. the value of said signal vepresentative of the maxi-
mum value of said characteristic and the time of gen-
eration of said value;

b. the value representative of the minimum value of said
characteristic and the time of generation of said
value;

c. the value corresponding to the time integral of said
characteristic outside of an acceptable rvange or
above or below a predetermined threshold value;

d. the time that the value of said signal first exceeded a
predetermined threshold value;

e. the time that the value of said signal most recently
exceeded a predetermined threshold value;

1. the time that the value of said signal first fell below a
predetermined threshold value;

g. the time that the value of said signal most recently
fell below a predetermined threshold value;

h. the number of excursions outside of an acceptable
range or above or below a predetermined threshold
value; and

I. the value corresponding to the cumulative time of
said characteristic outside of an acceptable range or
above or below a predetermined threshold value;

turther comprising selectively operative means for inter-
rogating said momiotring and output network and for
generating data representative of selected ones of said
stored values.

30. Apparatus [[according to claim 24]] for monitoring an

5o externally applied parameter comprising:
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a housing enclosing:

A. a sensor having a characteristic that varies in a
predetermined manner with variation of said
paramelter,

B. a monitoring and output network including:

I. means coupled to said sensor for generating a sig-
nal representative of variations of said character-
Istic over fime,

Ii. first storage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values;

C. a power supply in operable communication with said
sensor and said network,
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wherein said first storage means includes means for gen-
erating and storing at least one of the group consisting
of-

a. the value of said signal rvepresentative of the maxi-
mum value of said charactevistic and the time of gen-
eration of said value;

b. the value vepresentative of the minimum value of said
characteristic and the time of generation of said

value;
c. the value corresponding to the time integral of said

characteristic outside of an acceptable range or
above or below a predetermined threshold value;

d. the time that the value of said signal first exceeded a
predetermined threshold value;

e. the time that the value of said signal most recently
exceeded a predetermined threshold value;

1. the time that the value of said signal first fell below a
predetermined threshold value;

g. the time that the value of said signal most recently
fell below a predetermined threshold value;

h. the number of excursions outside of an acceptable
range or above or below a predetermined threshold
value; and

I. the value corresponding to the cumulative time of

said characteristic outside of an acceptable range or
above or below a predetermined threshold value;

further comprising remotely adjustable second storing
means for storing predtermined comparative values,
and means for comparing said stored values of said
signal with said comparative values, said comparing
means including means for generating a signal repre-
sentative of any discrepancy between said stored values
from said first storage means and said comparative val-
ues of said second storage means.

52. Apparatus [[according to claim 42]] for monitoring an

externally applied parameter comprising
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a housing enclosing:
A. a sensor having a characteristic that varies in a

predetermined manner with variation of said parvam-

eter;

B. a monitoring and output network including:

1. means coupled to said sensor for generating a sig-
nal representative of variations of said character-
Istic over time,

Ii. first storage means for storing values associated
with selected portions of said signal, said selected
portions including other than the most recent por-
tion of said signal, and

iii. selectively operative means for generating an
output signal representative of selected ones of
said stored values;: and

C. a power supply in operable communication with said
sensor and said network,

wherein said output signal is representative of a first
binary state if no excursions of said characteristic out-
side of an acceptable range or above or below a prede-
termined threshold value have occurred, and wherein
said output signal is vepresentative of a second binary
state if at least one excursion of said characteristic out-
side of an acceptable range or above or below a prede-
termined threshold value has occurred; and
D. remotely adjustable second storing means for stor-
ing predetermined comparative values, and means
for comparing said stored values of said signal with
said comparative values, said comparing means
including means for generating a signal representa-
tive of any discrepancy between said stored values
from said first storage means and said comparative
values of said second storage means.
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