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(57) Abstract: In some embodiments, apparatuses and methods are provided here-
in useful to monitoring temperature or movement of merchandise during and af-
ter transport of the merchandise. Some of these embodiments include systems for
monitoring the temperature of merchandise items comprising: a temperature sen-
sor disposed at or near one or more merchandise items; a control circuit operatively
coupled to the temperature sensor, the control circuit contigured to: read temper-
ature measurements from the temperature sensor at predetermined time intervals;
generate and encode a barcode with data representing a first temperature measure-
ment; and update and encode the barcode with data representing the first temper-
ature measurement and one or more subsequent temperature measurements; and
an interface operatively coupled to the control circuit and configured to display
the updated barcode.
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SYSTEMS AND METHODS FOR
MONITORING TEMPERATURE OR MOVEMENT OF MERCHANDISE

Cross-Reference To Related Application

[0061] This application claims the benefit of U.S. Provisional Apphlication Number

62/332,145, filed May 5, 2016, which s incorporated herein by reference in its entirety.

Technical Field

{0002] This invention relates generally to monttoring the temperature or movement of
merchandise items, and more particularly, to monitoring the temperature or movement of

merchandise items during transport of the merchandise.

Backeround
{6063] In the retail setting, one challenge 1s monitoring the temperature data of refrigerated
or frozen perishable merchandise. More specifically, when merchandise 1s being delivered by
a delivery vehicle, it 15 generally desirable to monitor the temperature data of perishable
merchandise being transported in the delivery vehicle. It is also generally desirable to continue
to monitor the temperature data after delivery and during storage in a shopping facility. As
should be evident, any perishable merchandise in an environment that exceeds certain
temperature thresholds, such as being too warm, may defrost or deteriorate to a degree that its
shelf life 1s reduced or it needs to be discarded. So, 1t 15 desirable to monitor this temperature

data.

[00064] Further, it 15 generally desirable to monitor this temperature data during the entire
course of transport, rather than just at the end of transport upon delivery. It is possible that the
temperature may have exceeded certain temperature thresholds during the course of transport
but may be within the desired temperature range at the end of transport. In other words, the
temperature may appear acceptable at the end of transport, but 1t 1s possible that the temperature
was not within an acceptable range at an earlier time prior to the end of transport. Further, 1t
is desirable to continue monitoring temperature to make sure temperature is within the

acceptable data after delivery during storage at a shopping facility. Thus, it is desirable to
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monttor the temperature during the entire course of transport and afterwards in order to

establish “cold chain compliance” by the perishable merchandise.

{B085] Accordingly, it 1s desirable to monitor the temperature of perishable ttems to
improve the gquality and shelf life of the merchandise sold to customers. Further, it is desirable
to develop a low-cost approach for determining cold chain compliance at the end of transport
and prior to acceptance of the delivery of the merchandise. It is desirable to develop an
approach for determining cold chain compliance at the end of transport that does not
necessarily require communication to a computer network, which may increase
mmplementation costs. It s also desirable to develop a similar approach for determining
movement of merchandise during transport that may have resulied in damage to the

merchandise.

Brief Description of the Drawings

[0066] Disclosed herein are embodiments of systems, apparatuses and methods pertaining
to monitoring the temperature or movement of merchandise items involving updating a

barcode. This description includes drawings, wherem:

{G087] FIG 1 1s a flow diagram in accordance with some embodiments;
(6068] FIG. 2 s a block diagram 1n accordance with some embodiments; and
{009} FIG 3 1s a flow diagram in accordance with several embodiments.

{6010 Elements in the figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimensions and/or relative positioning of
some of the elements in the figures may be exaggerated relative to other elements to help to
improve understanding of various embodiments of the present imnvention. Also, common but
well-understood elements that are useful or necessary in a commercially feasible embodiment
are often not depicted 1o order to facilttate a less obstructed view of these various embodiments
of the present imvention. Certain actions and/or steps mayv be described or depicted in a
particular order of occurrence while those skilled in the art will understand that such specificity
with respect to sequence is not actually required. The terms and expressions used herein have

the ordinary technical meaning as 1s accorded to such terms and expressions by persons skilled
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in the technical field as set forth above except where different specific meanings have

otherwise been set forth herein.

Detailed Description

{601 1] Generally speaking, pursuant to vartous embodiments, systems, apparatuses and
methods are provided herein useful to monitoring temperature data of merchandise items. In
one form, a system is disclosed herein for monitoring the temperature of merchandise items
comprising: a temperature sensor disposed at or near one or more merchandise items; a control
circutt operatively coupled to the temperature sensor, the conirol circuit configured to: read
temperature measurements from the temperature sensor at predetermined time intervals;
generate and encode a barcode with data representing a first temperature measurement; and
update and encode the barcode with data representing the first temperature measurement and
one or more subsequent temperature measurements; and an interface operatively coupled to

the control circuit and configured to display the updated barcode.

{0012] In some forms, the barcode may be updated after each temperature measurement to
add data representing the most recent temperature measurement. Further, the updated barcode
may comprise data representing a plurality of sequential temperature measurements taken at
the predetermined time intervals from the first temperature measurement to a last temperature
measurement. In addition, the interface may comprise an e-ink interface configured to display
barcodes and to overwrite a barcode with an updated barcode. TFurther, the system may
comprise a barcode reader configured to read the updated barcode and to transmut it to a
computing device in communication with the barcode scanner. In addition, the computing
device may be configured to decipher the temperature measurements in the updated barcode
and to create a task 1f one or more of the temperature measurements indicate that a

predetermined temperature threshold was exceeded.

[6613] In another form, there 15 disclosed a method for momtoring the temperature of
merchandise items comprising: by a teraperature sensor at or near one or more merchandise
iteras, measuring temperature at predeternuned time tntervals; by a control circuit, generating

and encoding a barcode with data representing a first temperature measurement; and by a
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control circuit, updating and encoding the barcode with data representing the first temperature

measurement and one or more subsequent temperature measurements.

[0014] In some forms, the method may comprise scanning the updated barcode with a
harcode reader; and transmitting the updated barcode to a computing device in communication
with the barcode reader; and deciphering the temperature measurements in the updated barcode
and creating a task if one or more of the temperature measurements indicate that a
predetermined temperature threshold was exceeded. Also, the method may include: scanning
the updated barcode of the one or more merchandise items at the time of delivery by a delivery
vehicle; continuing to measure temperature at predetermined time intervals following delivery;
continuing to update and encode the barcode with data representing temperature measurements
following delivery; and scanning the updated barcode following movement to a storage area.
Moreover, the method may comprise: generating and encoding a first updated barcode with a
first barcode device; scanning the first updated barcode at the tirne of delivery by a delivery
vehicle; measuring temperature at predetermined time intervals following delivery, updating
and encoding a second barcode with data representing temperature measurements following
delivery with a second, different barcode device; and scanning the updated second barcode

following movement to a storage area.

[6615] In one form, there 13 disclosed herein a system for monitoring the movement of
merchandise items, the system comprising:  a sensor disposed on  a merchandise item
measuring movement, a control circutt operatively coupled to the sensor, the control circuit
configured to: read measurements from the sensor at predetermined time mtervals; generate
and encode a barcode with data representing a first sensor measurement; update and encoding
the barcode with data representing the first sensor measurement and the one or more
subsequent sensor measurements; and an e-ink interface operatively coupled to the control
circuit and configured to display the updated barcode. The sensor may include a gyro sensor

or an accelerometer configured to measure movement of the merchandise item.

{0016] Referring to FIG. 1, there is shown a flow diagram for a process 100 for monitoring
temperature data of merchandise being transported using a smart tag. As can be seen in the
diagram, the process 100 involves encoding and updating the barcode of the smart tag with

temperature data at desired time intervals, such as every hour. The process 100 provides a
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low-cost approach for monitoring sequential temperature measurements of merchandise during
transport, such as by a delivery vehicle, and determining temperature compliance at the end of
transport.  As should be understood, the flow diagram shows a number of steps for ease of
comprehension but not all of the steps are necessarily required {and not necessarily in the

sequential order shown).

[6017] At block 102, the smart tag may be prepared for use. As described in more detail
below, the smart tag generally includes a temperature sensor, a control circuit, a power source,
and an mterface for display of the barcode. Tt 1s generally contemplated that the smart tag may
have been used previously and that it will need to be reset for re-use. This resetting may
imvolve deleting temperature data currently associated with the smart tag or may nvolve
activating the smart tag. If the smart tag has not been previously used, this resetting step may

not be necessary, or it may occur autorvatically at the time of every new use of the smart tag.

{001 8] At block 104, the smart tag is set to a desired time interval for taking and recording
temperature measurements, such as every hour. This periodic activity will limit the power
needs of the smart tag. As should be evident, the time interval may be selected for different
time periods depending on the nature of the merchandise being delivered. For example, 1t may
be desirable to take and record temperature measurements more frequently for perishable items
with a relatively short shelf life, while taking and recording fewer temperature measurements
for items with a longer shelf life. Specific time intervals may be established for different types
of merchandise, and the time mterval for the smart tag may be configured automatically upon
entry of the type of merchandise. As explained further below, by taking and recording
temperature measurements at specific time mitervals, the encoded data on the barcode will

mdicate both time and temperature data.

[6019] Also, optionally, at this stage, the smart tag may be set to a desired temperature
threshold. More specifically, the smart tag may be set so that 1t has a low temperature threshold
and/or a high temperature threshold. As explained further below, in some forms, the smart tag
may determine if the measured temperature exceeds, or falls outside, the temperature threshold,
how often, and/or by the number of degrees, and the barcode may be encoded with some or all
of this data. As used throughout this disclosure, the reference to a measured temperature

“exceeding” a temperature threshold means that the measured temperature falls outside of an
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acceptable temperature range, which can mean that the measured temperature is either above

an upper threshold or below a lower threshold. It is not limited to just being above a threshold.

{0020} Alternatively, a user may decide to keep the same time interval and/or temperature
thresholds from a previous use, so this step may not be necessary. Further, specific temperature
threshold(s) may be established for different types of merchandise, and the threshold(s) for the

smart tag may be configured automatically upon entry of the type of merchandise.

{0021} At block 106, the smart tag is positioned or fastened at or near the merchandise,
and this positioning or fastening may occur at any of various times and i1n any of various ways.
As should be evident, this positioning/fastening may occur either before or after the smart tag
is reset and/or configured to a desired time interval of temperature measurements {and/or
configured to a deswed temperature threshold).  Further, the smart tag may be
positioned/fastened on or near merchandise before or after the merchandise has been loaded
onto a delivery vehicle. For example, the smart tag may be installed in a permanent or semi-
permanent manner on a pallet supporting a certain type of merchandise or at various locations
n the trailer interior of a delivery vehicle.  Alternatively, 1t may be positioned within or
amongst the merchandise stself, such as within layers of the product, mside a case of
merchandise, or among groups of such items. Further, although the smart tag is addressed mn
the context of a delivery vehicle, it should be evident that it may be used in other locations and
applications where temperature compliance requires monttoring, such as in a storage freezer,

refrigerated location, or other temperature sensitive/controlled area.

[0022] At block 108, the smart tag 15 shown beginning to take and record measurements
and encode data to a barcode.  As should be evident, the smart tag may begin taking
measurements and encoding a barcode at any of various times. For example, although the
smart tag 1s shown beginning to perform these actions below the positioning/fastening step
{block 106}, 1t should be evident that it can begin performing these action earlier {perhaps when
the smart tag is being reset and configured to certain time intervals and/or temperature
thresholds — blocks 102 and 104). Where a delivery vehicle 1s involved, it is generally
contemplated that the smart tag will begin performing these actions at or before the delivery

vehicle leaves to transport the merchandise.
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{0023] Blocks 110, 112, and 114 show the operation of the smart tag during transport of
the merchandise. At block 110, the delivery vehicle departs. This action is not necessanily
part of the process but is shown to give context to the operation of the smart tag. Atblock 112,
the smart tag is reading temperature measurements at desired time intervals and is encoding a
barcode with temperature data. As explained further below, the smart tag 15 preferably
updating the barcode with temperature data so that the barcode will include all of the
temperature data taken at the selected time ntervals (rather than overwriting old temperature
data with the most recent temperature data). By encoding and updating the barcode with all of
the temperature data, the smart tag can establish cold chain compliance during the entire time
of transport.  Several examples of ways of encoding the temperature data to the barcode are
explained further below. At block 114, the delivery vehicle arrives at its destination, and again,

this arrival step is not necessarily part of the process but is shown to give context.

[0024] At block 116, the updated barcode s scanned. It 1s generally conternplated that an
mdividual may scan the updated barcode with a barcode scanner/reader at the delivery point,
possibly on the trailer of the delivery vehicle before or as the merchandise 1s being removed
from the tratler. In one form, by reviewing the temperature data at this delivery point, the
ndividual may quickly and easily determine whether the merchandise was mamtained within
the desired temperature range during the entire time of transport.  An individual may use this
mformation to make a determination as to whether the merchandise s acceptable or should be

rejected, possibly before the merchandise 1s removed from the delivery vehicle.

[0025] At block 118, the updated barcode data 1s used to determine an appropriate action.
As explained, an mdividual receiving the merchandise at the delivery pomt may use this data
to determine whether or not to accept some or all of the shipment of merchandise.
Alternatively, this data may be communicated to a network for deciphering and analysis and/or

may be stored in a database associated with the network.

{6026} In another form, process 100 may be modified to monitor movement of
merchandise (rather than temperature)} during transport by a delivery vehicle. Alternatively,
process 100 may be modified to monitor movement in addition to taking temperature
measurements during delivery transport. For example, a movement sensor (such as a gyro

sensor or an accelerometer) could be added to the smart tag, and the steps of process 100 would
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be performed in which periodic movement and/or temperature measurements are taken. Steps
102, 104, and 106 might include resetting, configuring, and positioning the smart tag for
accepting movement and/or temperature data. Steps 108, 110, 112, and 114 might include
mitiating movement and/or temperature measurements and continuing these measurements
during transport by a delivery vehicle. Steps 116 and 118 might include scanning the updated
barcode, optionally communicating the barcode data to a network, and determining further
action. Adding a movement sensor (such as a gyro sensor and accelerometer) to the smart tag
could be used to provide additional information needed to determne f “sensitive” loads, such
as fruits and vegetables, have been compromised in transit.  As another example, the
movement sensor could monitor a pallet loaded with eggs where large g-forces over time may

raise conecerns.

[6027] In another form, a movement threshold amount could be set by a user at step 104
that would serve to activate the control circuit. In this form, when actual movement of the
merchandise exceeds the threshold, the control circunit could record the instance and the
severity of the movement (rather than recording every periodic movement). The movement
thresholds could be set to determine if the load suffered enough shaking/shifting to justify a
compromised quality. This data might be evaluated to reject the merchandise prior to its

removal from a delivery vehicle.

{0028] Referring to FIG. 2, there 15 shown a block diagram sltustrating various components
of the system 200, As described above, the system 200 mncludes a smart tag that displays an
updated barcode containing data reflecting a plurality of temperature measurements, preferably
a temporal sequence of temperature measurements. The system 200 further shows a barcode
scanner to read the updated barcode, and the updated barcode may optionally be transmitted to

a central computing device for further action.

[0029] FIG. 2 shows a smart tag 202 that may include various components. As described
above, the smart tag 202 may include a reset mechanism 204 to prepare the smart tag 202 for
operation, which may include deleting past temperature data stored in the smart tag 202. The
smart tag 202 includes a battery 206 or other power source suitable for enabling the operation

and functioning of the smart tag 202.
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{0030} Further, the smart tag 202 may include a configuration mechanism 208 to set or
to reconfigure certain parameters of the smart tag 202. More specifically, it is contemplated
that the time mterval of temperature measurements may be adjusted to any of various desired
time intervals. This time interval may be reconfigured to different settings depending on the
nature of the merchandise being transported. For example, it may be desirable to set a shorter
ttime interval (resulting in more temperature measurements) where the merchandise is
especially perishable. Also, it may be desirable to adjust temperature thresholds {possibly high
and/or low teroperature thresholds) to deternune whether temperature measurements fall
within or exceed these thresholds. Different types of perishable merchandise have different
temperature ranges in which they should be maintained, and the configuration mechanism 208
may be set to the appropriate temperature range for the particular perishable merchandise being

transported. Other parameters of the smart tag 202 may also be adjusted.

[0031] The smart tag 202 also preferably includes a temperature sensor 210, As described
above, the control circuit 15 configured to take periodic temperature measurements via the
temperature sensor 210, The temperature sensor 210 1s disposed at or near the merchandise
being transported.  Any of numerous types of temperature sensors 210 with suitable precision
and portability may be used, such as, for example, temperature sensing devices using

thermocouples, thermistors, or resistance temperature detectors.

[0032] In addition, the smart tag 202 ncludes a control circust 212 that s operatively
coupled to the other components of the smart tag 202, The term control circuit refers broadly
to any microcontroller, computer, or processor-based device with processor, memory, and
programmable mput/output peripherals, which 1s generally designed to govern the operation
of other components and devices. It 15 further understood to include common accompanying
accessory devices, including memory, transceivers for communication with other components
and devices, etc. These architectural options are well known and understood in the art and
reguire no further description here. The control circuit 212 may be configured (for example,
by using corresponding programming stored in a memory as will be well understood by those
skilled in the art} to carry out one or more of the steps, actions, and/or functions described
herein. 'The control circuit 212 may also be in wireless commumication with a central

computing device, or network, as described further below.

-9.
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{0033} As can be seen from Figure 2, the control circuit 212 1s operatively coupled to the
temperature sensor 210 to take temperature measurements and is preferably coupled to the
configuration mechanism 208 to determine the operating parameters. The control circuit 1s
configured to read temperature measurements from the temperature sensor 210 at certain time
intervals, which may be set automatically or manually by the configuration mechanism 208 or
kept at a fixed internal setting. When there s a first temperature measurement, the control
circutt 212 generates and encodes a barcode 214 with data representing a first temperature
measurement. Preferably, after each subsequent temperature measurement, the control circuit
212 updates and encodes the barcode 214 with data representing not just the most recent
temperature measurement but also the first temperature measurement and any intervening
temperature measurements. In this manner, the updated barcode 214 can be read to determine
whether there has been temperature compliance during the entire transport tume period.
Further, the control circuit 1s operatively coupled to an interface 216 that displays the updated

barcode 214,

[0034] The updated barcode 214 may be any of various barcode types. It is generally
conterplated that one dirensional (1D), two dimensional (2D}, or three dimensional (3D)
barcodes may be used with the smart tag 202, As should be evident, a 1D barcode {or
traditional, hinear barcode) generally refers to a barcode composed of lines of varying widths
separated by variable spacing to form a particular patiern and 1s read 10 one dimension, a 2D
barcode {or matrix barcode) generally represents data encoded horizontally and vertically and
can encode more data than 2 1D barcode, and a 3D barcode generally includes an additional,
third dimension (such as height or color). The available data from a 1D barcode may be
dictated by the length of the label, and in some mstances, may only have 25 digits of
information. In contrast, 2D barcodes {such as QR codes) can store quite a significant amount

of data.

{6035} In one form, the updated barcode 214 may be a 2D barcode that 1s updated with
periodic temperature measurements (“temperature model”). One way of encoding the data is
to represent each temperature measurement in the updated barcode as a four digit value with
one digit indicating a posttive or negative value of the temperature measurement and the other

three digits indicating an absolute value of the temperature measurement. So, for example, at

-10-
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time To, the four digit value may be “+067” (indicating a temperature of 67°F), and then at
time T1, the four digit value may be “+070” (indicating a temperature of 70°F}. After ime Tj,
the data would be encoded with both values “+067+070,” in order to include both temperature
measurements. In this way, the barcode is updated after each temperature measurement to add
data representing the most recent temperature measurement. In other words, after each
subsequent time period, an additional four digit value would be added to the updated barcode
(without overwriting the other data), i.e., the updated barcode preferably puts the data in a
string form.  Thus, over time, the updated barcode includes data representing a plurality of
sequential temperature measurements taken at the predetermined time intervals from the first

temperature measurement o a last temperature measurement.

{0036] This data encoding example may be modified to include a fifth digit for each
temperature measurement that makes use of a temperature threshold. More specifically, the
control cireuit may be configured to compare each temperature measurement to a
predetermined temperature threshold, and the fifth digit may be used to keep a running total of
the number of 1nstances that the predetermined temperature threshold has been exceeded. So,
m the example above, the predetermined threshold may be set to 65°F, in which case both of
the temperature measurements would exceed the threshold. In this modified example, at time
To, the five digit value may be “+06717 (indicating a temperature of 67°F and one instance
where the temperature threshold was exceeded), and then at time T, the five digit value may
be “+0702” (indicating a temperature of 70°F and a second instance where the temperature
threshold was exceeded). After time Ty, the data would be encoded with the sequence
“+0671+0702. Of course, the data may be encoded in the updated barcode in any of a number
of ways. Generally, it 15 desirable to be able to track the entire sequence of temperature
measurements in order to confirm cold chain compliance, ie., that the temperature has been

within a desired range for the entire time period being monitored.

{6037} In these examples, temperature measurements have been indicated in Fahrenheit.
Of course, it should be understood the temperature may also be measured in accordance with
other temperature scales, such as Celsius or Kelvin. In other words, the updated barcode may

be encoded with a series of digits representing temperature measurements in Celsius, Kelvin,

-11 -
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etc. Measuring the temperature in Kelvin would eliminate the need for an initial digit

representing a “+ or “-7 value.

{0038] In another form, the updated barcode 214 may be a 1D barcode that 1s updated with
more compact data representing the periodic temperature measurements refative to temperature
threshold(s) (" fluctuation model”). In this form, a 1D barcode could be used in which the data
is inputted in a smaller, less informative format to fit on the barcode. For example, each
temperature measurement could be encoded as a one digit value indicating the amount that a
temperature measurement exceeds a certain threshold. So, in the modified example about, at
time To, the one digit value may be “27 (indicating a difference of 2°F between the measured
temperature of 67°F and the threshold of 65°F), and then at time T;, the one digit value may be
“S” (indicating a difference of 5°F between the measured temperature of 70°F and the threshold
of 65°F). After time T:, the data would be encoded with the sequence “25.” If the measured
temperature 1s within the desired temperature range (such as 65°F or any temperature below
65°F), the one digit value may be “0.7 So, the control circust 13 configured to compare each
temperature measurement to a predetermined temperature threshold and encode an updated
barcode with data representing a sequence of digits indicating the amount each temperature
measurement exceeded the predetermuned temperature threshold. Also, the control circust may
be configured so that the one digit value represents a range that the temperature threshold 1s
exceeded. So, for example, a “17 may mdicate a range of 1-5°F, “2” may indicate a range of

6-10°F, and so on.

{0039] In a modified form, a 1D barcode could be used to ndicate temperature
measurements above a high threshold and below a low threshold. For example, even numbers
could be used to mdicate the amount a measured temperature exceeds a high temperature
threshold, while odd numbers could be used to indicate the amount a measured temperature
exceeds a low temperature threshold. Further, as in the example above, the digit “0” could
indicate no deviation ocutside the threshold(s}, and each digit could correspond to a certain
range of temperatures above or below the threshold(s). Each recorded digit on the barcode
represents a time interval between temperature readings, and the total number of digits in the

string multiplied by the set time interval would indicate the total monitoring time. Again, these
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are just some examples of the use of a 1D barcode, and the data may be encoded on the 1D

barcode i any of a number of ways.

{0040} The updated barcode 214 1s shown on display interface 216 that s coupled to the
control circuit 212, The interface 216 1s preferably an e-ink {or electronic ink) interface that
imitates the appearance of ink on a paper or a physical label. This e-ink interface shows a
current barcode and, at a later time, displays a new barcode that has been updated with new
temperature data. An advantage provided by an e-ink interface is that it overwrites a current
barcode with an updated one on the same display. It does not have the disadvantage of some
of the traditional media for barcodes (i.e., paper or a physical label) where new material 13
required to display each new barcode. In this way, the display interface 216 may be updated
with a current barcode that includes all of the sequential temperature data. The current barcode
may be displayed continuously on the display mterface 216 until 1t 153 updated with the new
barcode, or the current barcode may be displayed 1n response to a user actuating a display
actuator 218, Theactuator 218 15 operatively coupled to the interface 216 to cause the interface

216 to display the updated barcode 214 in response to the actuator 218,

[0041] The smart tag 202 may also mclude a movement sensor 220, such as a gyro sensor
or accelerometer, to observe movement of merchandise during delivery by a vehicle. This
movement sensor 220 may be used in lieu of {or in addition to) the temperatare sensor 210.
The control circuit 214 may be set and configured to take movement sensor readings at
predetermined time wmtervals {like temperature sensor readings)  Movement sensor
measurements could be encoded mn a barcode in a manner simiar to that for temperature
measurements, as described above. The barcode could then be read to evaluate all of the
movement data during the entire delivery transport. Optionally, a user may input movement
thresholds into the smart tag 202 and only movement data exceeding the threshold might be

recorded.

{6042} In one form, both temperature and movement data could be integrated into a single
barcode. For example, at To, a 2D barcode might include a 4-digit value representing
temperature data followed by a 1-digit value representing whether the movement of the
merchandise exceeded a certain threshold. Each subsequent time interval would then generate

a new S-digit value to be added to a data string trom the previous time ntervals. Alternatively,
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in another form, multiple smart tags might be used: one tag being suitable for monitoring

temperature data while a second tag is suttable for monitoring movement data.

{0043} As shown in FIG. 2, the data from the updated barcode 214 is read by a barcode
reader 222, It is contemplated that the barcode reader 222 may be part of a traditional barcode
scanner device of may be a component or application of a mobile device, such as a smartphone.
Further, it 1s contemplated that the updated barcode 214 may be read at or near at a delivery
drop-off point for a delivery vehicle. In one form, a user may readily utilize a portable barcode
reader 222 to quickly determine cold chain compliance or movement compliance by the
merchandise at delivery vehicle, prior to unloading the merchandise. This use of updated
barcode 214 and barcode reader 222 provides a straightforward approach with a relatively low
cost of mplementation. In one form, 1t 1s contemplated that the data need not be transmitted
to a network or computing device for further evaluation. In this form, 1t may be desirable to
avoid storing unnecessary information. If the data shown on the updated barcode 214 appears
good or satisfactory, then the merchandise 15 i compliance. This approach has the advantage

of averting the need for network involvement and significant data logging and storage.

[06044] However, in another form, it may be desirable to transmit the data from the updated
barcode 214 to a network or computing device 224, The barcode reader 222 may be part of a
device, such as a mobile device, that allows transmission of the data or that 15 otherwise in
communication with the computing device 224, Alternatively, the smart tag 202 may be
equipped with a transmuitter to transmit the updated barcode 214 to the computing device 224,
In turn, the computing device 224 may be configured to decipher the temperature and/or
movement measurements i the updated barcode and to create a task if one or more of the
temperature and/or movement measurements mndicate that a predetermined threshold was
exceeded. For example, the network or central computing device may instruct rejection of the
merchandise if a threshold 13 exceeded or may store the temperature and/or movement data in
a database. This stored data may be evaluated to determine any specific concerns or trends,
such as, for example, multiple instances of lack of cold chain compliance by a particular
delivery vehicle or company, along a particular delivery route, or by a particular type of

perishable merchandise.

- 14 -
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{0304 5] In summary, in one form, an e-ink label smart tag capable of capturing temperature
may be placed in a delivery vehicle trailer, in a merchandise container, or on the merchandise
itself. At set time intervals, the smart tag will take a temperature reading and update a barcode.
The encoding of the barcode may be accomplished according to any of various algorithms and
represents time and temperature. A device may then be used to scan the smart tag and interpret
the temperature over time and display to the inspecting individual whether the item or group
of items or load are within cold chain compliance. Thus may be integrated mnto the delivery

vehicle check in process.

[0046] The method for determining whether an ttem, group of ttems, or trailer of items are
within or outside of cold chain compliance may be based on what temperature the ttems are to
be stored at and the frequency of and duration of temperatures outside of that range, according
to various prescribed requirements. These requirements may be based on the number of
degrees, the frequency, and the length of time the one or more terperature measurement{s)
exceeded the predeternuned temperature threshold. For example, one requirement may be that
a frozen item cannot be above a freezing temperature for more than twenty minutes and that
the total number of events outside of the freezing temperature greater than a three mmnute
exposure cannot exceed three per day. Additionally, the total amount of deviation above or
below a temperature threshold may be considered within the deternunation.  As another
example, exceeding twice the temperature threshold may be acceptable if the exposure time
period 1s ten munutes but any exposure exceeding three times the threshold may result 1n
automatic fallure. The same factors and approach may be considered for items that are chilled,
not frozen. Additionally, multiple smart tags may be used to determine if parts of a load or
parts of a group of items are in compliance and others need to be rejected. Further, gaps in
cold chain distribution may be identified by multiple instances where measured temperature
exceeded the threshold(s). These determinations may be made by an individual with a device,
such as a mobile device or barcode scanner, at the delivery point or by a network or computing

device that may be more remote tfrom the delivery point.
{6047} There are many additional applications for these smart tags. For instance, when

setting multiple smart tags, the smart tags may assigned in groups or clusters to various zones.

Within a delivery vehicle or temperature controlled location, there may be some variations i

H
o
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temperature at different locations, 7.e., zone temperatures. When taking measurements, such
as during unloading of the delivery vehicle, each single smart tag may be scanned representing
the group or cluster. The individuals unloading the delivery vehicle may decide to keep the
merchandise that maintains compliance and to reject the ones on the delivery vehicle that do
not maintain compliance. Alternatively, if some smart tags show a lack of compliance, a
deeper audit may be undertaken for quality assurance purposes and the need to discern whether

the whole shipment may be compromused or if just unique zones are compronused.

[060438] Further, different smart tags can be weighted for “reasonability.” For example, a
smart tag near the door of the delivery vehicle or temperature controlled location might have a
greater tolerance than the smart tag furthest from the door or in the center of a container of
merchandise. In addition, multiple zones and smart tags can be used to direct an individual to
precisely how deep into the delivery vehicle or temperature controlled location an audit needs
to occur.  Another possible feature would be to use temperature information to increase or
decrease cooling on demand to zones that need 1t if the delivery vehicle or temperature

controlled storage area or location is equipped with multiple cooling ports or outputs.

[6049] Referring to FIG 3, there 15 shown a flow diagram for another process 300 for
monitoring temperature data of merchandise being transported. As can be seen in the diagram,
the process 300 shows the monitoring of temperature data using a smart tag during and after
delivery. More specifically, the process 300 shows the momitorimg of temperature comphance
when the delivery vehicle arrives at the delivery pomt, as the merchandise 15 unloaded, and
after storage of the merchandise 1n a storage location. This process 300 makes evident that
this disclosure is not hmited to monitoring temperature during delivery transport.  As should
be understood, the flow diagram shows a number of steps but all of the steps are not necessarily

recuired.

[B050] At block 302, the delivery vehicle (in the form of a refrigerated truck) arrives at the
loading dock of a shopping facility. It 1s contemplated that, in one form, the in-transit
temperature data is evaluated at or near the Ioading dock in order to possibly make decisions
regarding acceptance or rejection of products prior to unloading. As addressed above, one or
more smart tags may be used, and they may be mounted on or near the products or containers

holding the merchandise.
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{0051} At block 304, an mdividual goes into the trailer of the refrigerated truck and scans
the barcode(s) of the smart tag(s}). In one form, it is contemplated that the individual uses a
mobile device (such as a traditional barcode scanner or a smartphone) to read the barcode(s)
of the smart tag{s}. As addressed above, the barcode preferably includes data reflecting

sequential temperature measurements {and/or possibly movement measurements).

[0052] At block 306, a computer system matches the barcode of the product with the
appropriate product type in a database to determine the acceptable temperature range for the
product.  As can be seen at block 308, the computer system utilizes a product database to
accomplish this match. In one form, it 1s contemplated that the computer system may be part
of the mobile device of the individual and that the product database may be stored on the
mobile device. In another form, it 15 contemplated that the mobile device 15 1n wireless
communication with the product database via a remote computer system. Regardless, in etther
form, a product database is accessible to determune the acceptable temperature range and
thresholds for a particular type of product. It should be understood that this match to a database
15 an optional step, and it is contemplated that an individual may be aware of the acceptable

temperature range for the product.

[0053] At block 310, the computer system compares the smart tag data to the acceptable
temperature range for the particular product. At block 312, the process 300 proceeds along
two routes depending on whether the actual measured temperature 15 within the acceptable
range. H not within the acceptable range, some correction action may be taken, as shown at
block 314, For example, this may include rejection of some or all of the produocts. If within
the acceptable range, the indrvidual may accept some or all of the products and may proceed
with the unloading of the products. In one setup, scanning of barcode(s) on smart tag(s) that

are mounted to or in the tratler might finalize the trailer.

{B034] At block 316, the unloading process continues, and the mndividual may move the
product to the stockroom of the shopping facility. As the individual moves the product from
the tratler to the stockroom and then to storage locations, the smart tag(s) that are placed on
the pallets and/or the product continues to collect data at set time intervals. I the smart tags
used during delivery were part of the tratler, new smart tags or barcode devices may be used

to continue monitoring temperature. It is contemplated that, in one form, a single smart
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tag/barcode device may remain with the product during the entire delivery and unloading
process. Alternatively, a first smart tag/barcode device may be used during delivery and then
a second, new smart tag/barcode device may be disposed on or about the product after delivery

for continued monitoring of temperature data.

{B055] In one form, as shown at block 318, the individual may again scan the barcode to
determine the temperature data during unloading, possibly to start a new smart tag using a new
barcode device. It may also be desirable to monitor temperature in the stockroom outside of
the environment of the trailer and prior to movement of a storage location.  As should be
evident, the individual may optionally scan the barcode at any of various stages before, during,

and after movement of the products from the refrigerated truck to a storage area or location.

[0056] Additional tasks may be performed during the unloading process. For example, if
anv smart tag s low enough on battery power such that it needs to be changed, then a flag may
be mnjected into the barcode. The battery is operatively coupled to the control cireuit, and the
control circutt may be configured to update the barcode with data indicating a low power
condition of the battery. The barcode format may be modified to include an additional digit
mdicating low battery power. The mobile device and associated software can mform the
unloader that the smart tag needs to be serviced. In addition, user identification mformation
can be collected at this stage so that specific individuals are assigned responsibility to ensure

that smart tags remam functional.

{6057} At block 320, the individual moves the product to the storage areas or locations,
such as a refrigerator or freezer at the shopping facibity,. Multiple smart tags may be used at
zones about the storage area or location to montor temperature. The product may be stored at
these locations for an imndeterminate amount of time. At block 322, an individual may continue
the monttoring of temperature data by scanning the barcode 1n the refrigerator or freezer, such
as after unloading has been completed. Upon placing the product in the cooler or freezer, the
individual may scan the product or pallet barcode to confirm that the individual removed the

product from the trailer and placed it in the cooler or freezer.

{6058} Scanning may be continued as desired thereafter. In this way, cold chain

compliance can be mamntained. This process 300 allows the temperature of the merchandise
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to be monitored in an uninterrupted manner from the start of transport (or even before), through
the entire course of transit, through the unloading process, and for an indeterminate amount of
time after movement to a storage location. Time, temperature, and activity data can be
evaluated to plot the cold chain of the product and identify weak points in the delivery,

unloading, and storage process.

[B059] Thaose skilled in the art will recognize that a wide variety of other modifications,
alterations, and combinations can also be made with respect to the above described
embodiments without departing from the scope of the 1nvention, and that such modifications,
alterations, and combinations are to be viewed as being within the ambit of the mventive

concept.
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CLAIMS

What 1s claimed 1s:

I A system for monitoring the temperature of merchandise items comprising:
a temperature sensor disposed at or near one or more merchandise items;
a control circuit operatively coupled to the temperature sensor, the control circuit
configured to:
read terperature measurements from the temperature sensor at predetermined time
mtervals;
generate and encode a barcode with data representing a first temperature
measurement; and
update and encode the barcode with data representing the first temperature
measurement and one or more subsequent temperature measurements; and
an nterface operatively coupled to the control circuit and configured to display the updated
barcode.
2. The system of claim 1, wherein the barcode 15 updated after each temperature

measurement to add data representing the most recent temperature measurement.

3. The system of ¢claim 1, wherein the updated barcode comprises data representing a
plurality of sequential temperature measurements taken at the predetermined time mtervals from

the first temperature measurement to a last temperature measurement.

4 The system of claim 1, wherein each temperature measurement in the updated
barcode is represented as a four digit value, one digit indicating a positive or negative value of the
temperature measurement and the other three digits indicating an absolute value of the temperature

measurement.
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5. The system of claim 4, wherein the control circuit is configured to compare each
temperature measurement to a predetermined temperature threshold and wherein each temperature
measurement representation comprises an additional fifth digit indicating the number of instances

that the predetermined temperature threshold has been exceeded.

6. The system of claim I, wherein the control cucuit 15 configured to compare each
temperature measurement to a predetermined temperature threshold and wherein the updated
barcode comprises data representing a sequence of digits indicating the amount each temperature

measurement exceeded the predetermuned temperature threshold.

7. The system of claim 1, wherein the mterface comprises an e-ink interface

configured to display barcodes and to overwrite a barcode with an updated barcode.

8. The system of claim 1, further comprising a barcode reader configured to read the
updated barcode and to transmit 1t to a computing device in communication with the barcode

reader.

9. The system of claim 8, wherein the computing device configured to decipher the
temperature measurements in the updated barcode and to create a task if one or more of the

temperature measurements indicate that a predetermined temperature threshold was exceeded.

10. The system of claim 1, further comprising an actuator operatively coupled to the

o

mterface to cause the interface to display the updated barcode in response to the actoator.
11 The system of claim 1, further comprising a battery operatively coupled to the
control circuit, wherein the control circuit 1s configured to update the barcode with data indicating

a low power condition of the battery.

12. A method for monitoring the temperature of merchandise items comprising:
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by a temperature sensor at or near one or more merchandise items, measuring temperature
at predetermined time ntervals;

by a control circuit, generating and encoding a barcode with data representing a first
temperature measurement; and

by a control circuit, updating and encoding the barcode with data representing the first

temperature measurement and one or more subsequent temperature measurements.

13. The method of claim 12, wherein the updated barcode comprises data representing
a plurality of sequential temperature measurements taken at the predeternined time intervals from

the first temperature measurement to a last temperature measurement.

14 The method of claim 12, further comprising displaying the updated barcode on an

e-ink interface.

15 The system of claim 12, further comprising providing the control circuit and

configuring it to receive temperature measurements according to a predetermined time interval.

to. The method of claim 12, further comprising determuning whether one or more of

the temperature measurements exceeded a predetermined temperature threshold.

17. The method of clamm 106, further comprising determining information from the
group consisting oft the number of degrees, the frequency, and the length of time the one or more

temperature measurements exceeded the predetermined temperature threshold.

18. The method of claim 12, further comprising:
scanning the updated barcode with a barcode reader; and
transmitting the updated barcode to a computing device in communication with the barcode

reader; and

2.
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deciphering the temperature measurements in the updated barcode and creating a task if
one or more of the temperature measurements indicate that a predetermined temperature threshold

was exceeded.

19, The method of claim 12, further comprising:

providing a plurality of temperature sensors at predetermined locations in a storage area;

measuring temperature at the predetermined time intervals at the predetermined locations
in the storage area;

by one or more control circuits, generating and encoding a plurality of barcodes with data
representing a first temperature measurement at each predetermined location; and

by one or more control circuits, updating and encoding the plurality of barcodes with data
representing  the first temperature measurement and one or more subsequent temperature

measurements at each predetermined location.

20, The method of claim 19, further comprising increasing or decreasing cooling to one

or more of the predetermined locations 1 response to the temperature measurements.

2% The method of claim 12, further comprising;

scanning the updated barcode of the one or more merchandise tems at the time of delivery
by a delivery vehicle;

continuing to measure temperature at predetermined time intervals following delivery;

continuing to update and encode the barcode with data representing temperature
measurements following delivery; and

scanning the updated barcode following movement to a storage area.

22, The method of claim 12, further comprising:
generating and encoding a first updated barcode with a first barcode device;
scanning the first updated barcode at the time of delivery by a delivery vehicle;

measuring temperature at predetermined time intervals following delivery;
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updating and encoding a second barcode with data representing temperature measurements
following delivery with a second, different barcode device; and

scanning the updated second barcode following movement to a storage area.

23 A system for monitoring the movement of merchandise items, the system
COmMprising;
a sensor disposed on a merchandise ttem measuring movement;
a control circuit operatively coupled to the sensor, the control circuit configured to:
read measurements from the sensor at predetermimed time intervals;
generate and encode a barcode with data representing a first sensor measurement;
update and encoding the barcode with data representing the first sensor
measurement and the one or more subsequent sensor measurements; and
an e-ink interface operatively coupled to the control circuit and configured to display the

updated barcode.

24, The system of claim 23, wherein the sensor comprises one or more of a gyro sensor

and an accelerometer configured to measure movement of the merchandise item.
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