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THERMAL TAGS FOR REAL-TIME ACTIVITY MONITORING AND METHODS
FOR FABRICATING THE SAME

BACKGROUND
Technical Field

[0001] The present invention generally relates to activity monitoring and, in particular, to the
thermal tags to track activity with minimal privacy concerns and methods for fabricating the

same.

Description of the Related Art

[0002] There is a significant need to monitor patient activity, for example during
convalescence or for elder care in the home. In such cases, a doctor may need to know how
treatments, or the symptoms of a disease, are progressing despite the patient being at a remote
location. However, conventional video monitoring poses significant privacy concerns. In
particular, while a conventional color camera provides the ability to remotely monitor a
patient’s activity, such cameras will also capture information that may include, for example,
images displayed on a computer or television screen or the writing on a sheet of paper. As a
result, patients may be reluctant to allow such monitoring, despite the definite benefits that the

monitoring might otherwise provide.

SUMMARY
[0003] A thermal tag for activity monitoring, the thermal tag includes a base layer having a
plurality of metal lines to provide a conductive path, and a pattern layer having one or more
infrared emitting features positioned over portions of the conductive path, wherein at least one
infrared emitting feature couples to the conductive path to emit a predetermined infrared pattern

in accordance with nearby activity.

[0004] A thermal tag for activity monitoring, the thermal tag includes a base layer having a
plurality of metal lines to provide a conductive path, wherein the plurality of metal lines form a

metal grid to emit infrared light, and a pattern layer having one or more infrared reflective
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features positioned over portions of the conductive path, wherein at least one infrared reflective
feature blocks portions of the infrared light to provide a predetermined infrared pattern in

accordance with nearby activity.

[0005] A method for fabricating a thermal tag for activity monitoring includes forming a
plurality of metal lines to provide a conductive path on a base layer, forming one or more
infrared emitting features positioned over portions of the conductive path on a pattern layer, and
coupling the base layer to the emitting layer, wherein at least one infrared emitting feature
couples to the conductive path to emit a predetermined infrared pattern in accordance with

nearby activity.

[0006] These and other features and advantages will become apparent from the following
detailed description of illustrative embodiments thereof, which is to be read in connection with

the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] The following description will provide details of preferred embodiments with
reference to the following figures wherein:

[0008] FIG. 1 is a diagram of a monitored environment in accordance with an embodiment of
the present invention;

[0009] FIG. 2 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention;

[0010] FIG. 3 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention;

[0011] FIG. 4 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention;

[0012] FIG. 5 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention;

[0013] FIG. 6 is a top view showing an infrared-emitting tag in accordance with an

embodiment of the present invention;
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[0014] FIG. 7 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention;

[0015] FIG. 8 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention;

[0016] FIG. 9 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention; and

[0017] FIG. 10 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention;

[0018] FIG. 11 is a top view showing an infrared-emitting tag in accordance with an
embodiment of the present invention; and

[0019] FIG. 12 is a block/flow diagram showing a system/method for fabricating a thermal

tag for activity monitoring in accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0020] Embodiments of the present invention provide thermal tags detectable by infrared
cameras for activity monitoring and methods for fabricating the same. Infrared imaging detects
electromagnetic radiation in the infrared band, which is invisible to the naked eye and which is
commonly created by warm objects (such as, e.g., the human body). Infrared light can also be
generated by artificial means. As such, the present embodiments describe thermal tags to track
motion of the patient using an infrared camera and, in addition, tracks the patient’s interactions
with objects in the environment through the use of infrared emitting tags attached to objects of

interest.

[0021] In some embodiments, the thermal tags described herein include a plurality of layers,
some of which may be disposable. The thermal tags can include a flexible substrate having
electrically conductive, thermally conductive, and/or reflective material to provide a distinct
thermal pattern detectable by thermal imaging techniques. In some embodiments, the thermal
tags include infrared light emitting diodes (LEDs) which emit infrared light in a predetermined
pattern. Accordingly, the thermal tags are detectable using infrared imaging, thereby avoiding
privacy-invading capabilities of conventional video monitoring and providing a low cost object

tracking mechanism. In some embodiments, one or more of the layers of the thermal tags may
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be removable and/or disposable such that the thermal tags are reconfigurable and provide

varying infrared emitting patterns.

[0022] Referring now to the drawings in which like numerals represent the same or similar
elements and initially to FIG. 1, an exemplary monitoring environment 100 is shown. The
environment 100 includes at least one user 102. The user 102 may be, for example, a person
who is injured or sick, an elderly person, or any person who would benefit from activity
monitoring. In addition, a number of objects 104 are present in the environment 100 that
include thermal tags. The objects 104 emit a continuous or pulsed infrared signal via the
thermal tags. In an embodiment using a pulsed infrared signal, each object 104 may be assigned

a unique pattern that distinguishes the object from other objects.

[0023]  An infrared monitoring device 108 captures infrared information from the
environment. It should be noted that multiple monitoring devices 108 can be used in a single
environment to cover all of the potential angles of view. The monitoring device 108 may take
still images or may alternatively capture video of the infrared emissions of the environment
100. It should be understood that the present principles may be applied to other types of
imaging device, but infrared is particularly contemplated because human bodies inherently emit
detectable levels of infrared radiation. Limiting the monitoring device 108 strictly to infrared is
not needed for the functioning of the present embodiments, but serves to prevent potential

privacy infringement that might arise from recording visible light information.

[0024] The user 102 emits infrared radiation by virtue of body heat, while the objects 104
emit infrared radiation from their respective thermal tags. The infrared light is captured by the
monitoring device 108 and can be used to show the user’s activities in the environment 100. For
example, if the user 102 picks up an object 106 (e.g., a cane), the monitoring device 108 will
capture that event. However, being limited to infrared radiation, the monitoring device 108 will
not detect untagged objects unless they differ in temperature from the ambient temperature. As
a result, the monitoring device 108 is not able to resolve the details of printed subject matter or
the display of screens, as these surfaces generally present a uniform temperature that does not

depend on the content.
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[0025] The information captured by the monitoring device 108 can be of significant use in
medical treatment. It may be of interest, for example, how often a patient suffering from
Parkinson’s disease uses a cane. A thermal tag may therefore be attached to the cane, such that

instances where the user 102 is carrying the cane may be recorded and logged.

[0026]  Referring now to FIG. 2, with continued reference to FIG. 1, a top view of a base
layer 202 for an exemplary infrared tag 200 is shown. The tag 200 includes a plurality of
layers. For example, the tag 200 can include at least two layers, wherein the two layers
includes a base layer 202 and a pattern layer (not shown), as will be described in further detail
below. The plurality of layers may be directly coupled such that the layers are in direct contact,

or alternatively may be indirectly coupled, as will be described in detail below.

[0027] In some embodiments, the base layer 202 includes a flexible substrate, such as one or
more dielectric materials (e.g., silicone, Kapton tape, etc.), however other materials are readily
contemplated. The flexible substrate allows the thermal tag 200 to conform to object shapes
easily. The base layer 202 includes a plurality of metal lines 204, 206 that form a conductive
path. For example, the conductive path includes metal lines 204, 206, such as wide metal traces
having low resistance. The wide metal traces can include, for example, direct current (DC) bias
lines 204 and ground (GND) lines 206 alternatively arranged across the base layer 202. In
some embodiments, portions of the lines 204, 206 are completely embedded within the material
of the base layer 202, while other portions of the lines 204, 206 connecting to one or more

infrared emitting features remains exposed, as will be described in further detail below.

[0028] As shown in FIG. 2, the metal lines 204, 206 are spaced apart within the material of
the base layer 202. For example, adjacent DC bias lines 204 and GND lines 206 are separated.
In some embodiments, the metal lines 204, 206 include one or more metal trace points 208
positioned along the one or more metal lines 204, 206. The metal trace points 208 may
correspond to and/or may be positioned with respect to metal trace points 208 on adjacent metal
lines 204, 206. In some embodiments, the metal trace points 208 remain exposed on the surface
of base layer 202 while the metal lines 204, 206 are embedded within the base layer 202 and

therefore are not exposed on the surface of base layer 202.
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[0029] In an embodiment, the metal trace points 208 do not extend fully between adjacent
metal lines 204, 206. As shown in FIG. 2, the metal trace points 208, and therefore adjacent
metal lines 204, 206, are separated by a gap 209. The gap 209 prevents current from arbitrarily
passing between the adjacent metal lines 204, 206. When current passes along the conductive
path and between metal lines 204, 206, as will be described in further detail below, heat is

generated and infrared light is emitted.

[0030] The base layer 202 may include a power source 210 and a pulse generator 212. The
power source 210 may be any appropriate device for storing or generating electrical power. In
one example, the power source 210 may be a simple battery (e.g., a coin cell or other small
battery). In another example, the power source 210 may convert power from, e.g., light or
motion into electrical energy that may then be stored in a battery or capacitor. The power

source 210 supplies electrical power to the conductive path (e.g., metal lines 204, 206).

[0031] In some embodiments, the power source 210 and metal lines 204, 206 are connected
via a pulse generator 212. The pulse generator 212 allows current to pass from the power
source 210 to the line 204, 206. In some embodiments, the pulse generator 212 may include a
simple circuit having a least one switch that generates a pulse current by connecting and
disconnecting the power source 210 to lines 204, 206 periodically. The current is generated
along the conductive path (e.g., metal lines 204, 206), thereby generating heat and emitting
infrared light from infrared emitting features, as will be described below. It should be noted
that lines 204, 206 are wider than infrared emitting features 304 in FIG. 3 such that with the
same current, most of the current/heat is generated at locations corresponding to the infrared

light emitting features 304. Thus, heat generated at lines 204, 206 is minimized.

[0032] Now referring to FIG. 3, with continued reference to FIG. 2, a top view of a pattern
layer 302 for an exemplary infrared tag 200 is shown. The tag 200 include a pattern layer 302
which may be coupled directly and/or indirectly to the base layer 202. In some embodiments,
the base layer 202 and the pattern layer 302 can be coupled by thermally activated glue. As
both the base layer 202 and the pattern layer 302 are flexible substrates, they can be placed
under a roller with thermally activated glue applied to either the base layer 202 or the pattern

layer 302 surface. It should be noted that such placement of the glue should be avoided on the
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metal trace points 208. A heated roller rolls from one edge to the other of layers 202, 302 so as
to couple the layers 202, 302 together. To detach the layers 202, 302, heat can be applied again
to peel the layers 202, 302 apart. For example, the pattern layer 302 may be coupled to the base

layer 202 by an adhesive layer, adhesive strip, and/or magnetic forces (not shown).

[0033] In some embodiments, the pattern layer 302 includes a plurality of infrared emitting
features 304 positioned along the conductive path in a distinct pattern. For example, the
infrared emitting features 304 may include electrically high resistive material. The infrared
emitting features 304 can include a printed thin metal and/or high resistive material, such as
conductive carbon ink, aluminum particles mixed in printable polymer paste, laminated thin
aluminum foil, printable conductive polymer, etc. In some embodiments, the infrared emitting

features 304 include light emitting diodes (LEDs).

[0034] As shown in FIG. 3, the infrared emitting features 304 are selectively positioned over
potions of the conductive path such that when the infrared emitting features 304 are coupled to
the conductive path, the infrared emitting features 304 electrically connect the metal lines 204,
206 and emit infrared light in a predetermined infrared pattern. Each thermal tag 200,
therefore, may emit distinct infrared patterns based on positioning of the infrared emitting
features 304. Accordingly, interchangeable pattern layers 302 having different layouts of

infrared emitting features 304 may be employed using the same base layer 202.

[0035] In some embodiments, the amount of and position of the infrared emitting features
304 (e.g., rows, columns) may provide a predetermined infrared pattern representative of a
code. The code may be indicative of the specific tagged object 104 (e.g., a cane, a medicine
bottle, etc.) which the tag 200 is attached to. The infrared emitting features 304 are positioned
within the gap between metal lines 204, 206 (shown as dotted lines) and metal trace points 208
(shown as dotted lines) such that respective metal trace points 208 and metal lines 204, 206 are
electrically connected via the infrared emitting features 304. Accordingly, current may pass
through lines 204, 206 along the conductive path and infrared emitting features 304, thereby

emitting a predetermined infrared pattern (e.g., heat) from the infrared emitting features 304.
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[0036] In an embodiment, the predetermined infrared pattern is representative of a binary
code, wherein zero (e.g., “0”) represents an absence of infrared light (e.g., no infrared emitting
feature 304) and one (e.g., “1”) represents a presence of infrared light (e.g., an infrared emitting
feature 304). The infrared pattern and/or binary code may be employed as identification to
identify the tagged object 104. For example, a predetermined binary code associated with a
tagged object 104 may be stored in a storage device (e.g., memory, database, etc.). When the
monitoring device 108 detects the unique infrared pattern, the identity of the tagged object 104

may also be determined.

[0037] As shown in FIG. 3, tag 200 is shown having a total of six infrared emitting features
304, wherein each infrared emitting feature 304 corresponds to a one of the binary code and
each blank spot having no infrared emitting feature 304 corresponds to a zero of the binary
code. For illustrative purposes, the pattern layer 302 may form a binary code of
“10001_01100 _10010” corresponding to infrared emitting features 304 in their respective
position. Specifically, the first row may include infrared emitting features 304 in first and fifth
columns, the second row may include infrared emitting features 304 in second and third
columns, and the third row may include infrared emitting features 304 in first and fourth
columns. The binary codes may be stored in a database and may be used to identify the
particular tagged object 104. Accordingly, when the monitoring device 108 and/or activity
monitoring system detects the infrared pattern emitted by infrared emitting features 304, the
monitoring device 108 and/or activity monitoring system may further determine which object

the user 102 is interacting with.

[0038] In some embodiments, the tag 200 may be reconfigurable by replacing/removing
different pattern layers 302 from the base layer 202. Accordingly, the pattern layer 302 may be
a “disposable” layer and/or a “replaceable” layer. For example, different pattern layers 302
may have different infrared emitting features 304 which emit different infrared patterns when
current is generated within the conductive path. When the varying pattern layers 302 are
coupled/connected to the base layer 202, the infrared emitting features 304 generate a unique
infrared pattern. A first infrared pattern emitted from a first pattern layer 302 may identify a
cane while a second infrared pattern emitted from a second pattern layer 302 may identify a

medicine bottle. Accordingly, a user need only couple the base layer 202 with the first pattern
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layer 302 to track the user’s interactions with the cane. Because the base layer 202 provides a
conductive path (e.g., a heating source), the base layer 202 may be reused with different pattern

layers 302 thereby “reconfiguring” each thermal tag 200.

[0039] The infrared emitting features 304 may be disposed (e.g., printed) on or within the
pattern layer 302 such that the infrared emitting features 304 are aligned with the conductive
path along a predetermined pattern. The infrared emitting features 304 provide a connection
between the metal lines 204, 206 (shown as dotted lines) to complete the circuit. For example,
the infrared emitting features 304 electrically connect lines 204 and lines 206 when current is
applied to the lines 204, 206. When current runs through the infrared emitting features 304, the
infrared emitting features 304 generate heat and emit infrared light which may be detected by

monitoring device 108 and/or an activity monitoring system.

[0040] The layout and/or pattern of the infrared emitting features 304 may be made unique to
each infrared tag 200, such that a monitoring device 108 can recognize the emitted infrared
pattern and thereby identify the object 104 to which the infrared tag 200 is attached. The
infrared tags 200 may be attached with a known orientation and location on each object 104 of
interest in the environment 100. In some embodiments, the orientation of the tag 200 is encoded
in the infrared pattern emitted by the infrared emitting elements 304. Based on the images
captured by the monitoring device 108, which show only the contour of the user’s body 102 and
the infrared patterns being emitted by the tags 200, images of the user’s walking patterns and

interactions with the objects 104 can be monitored, tracked and/or reconstructed.

[0041] Now referring to FIG. 4, a top view of base layer 402 for an exemplary infrared tag
200 1s shown. As described above, the base layer 402 may include a plurality of metal lines
204, 206 alternatingly arranged across the base layer 402. The metal lines 204, 206 are
separated by a gap 209. In addition, the base layer 402 includes a power source 210 and a pulse

generator 212, as described above. However, metal trace points 208 are noticeably absent.

[0042] Referring now to FIG. 5, a top view of pattern layer 502 for the exemplary infrared
tag 200 is shown. The metal lines 204, 206 of base layer 402 are shown as dotted lines. In an

embodiment, the pattern layer 502 includes one or more infrared emitting features 504. The
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infrared emitting features 504 include electrically conducting material and/or thermally
conductive material. In some embodiments, the infrared emitting features 504 include light
emitting diodes (LEDs). As shown in FIG. 5, the one or more infrared emitting features 504

extend the gap 209 to electrically connect adjacent lines 204 with lines 206.

[0043] Now referring to FIG. 6, a top view of a base layer 602 for an exemplary infrared tag
200 is shown. The base layer 602 includes one or more materials including, but not limited to,
a dielectric material, silicone, Kapton tape, etc. As described above, the base layer 602
includes a plurality of metal lines 204, 206. In some embodiments, the metal lines 204, 206
include narrowing metal traces at target points to provide heat point sources 606. The heat
point sources 606 are directly coupled to metals lines 204, 206. The metal lines 204, 206 are
thick and/or wide metal lines of more conductive material and heat point sources 606 are thin,
narrow lines of less conductive material. Thus, the resistance of heat point sources 606 is much
larger than the resistance of either lines 204 or lines 206. When connected to the power source
210 (e.g., battery), heat is generated mostly at heat point sources 606, thereby providing a
‘point’ heat source. Thus, heat source points 606 generate more heat than surrounding areas on
the base layer 602 due to increased resistance. Such heat point sources 606 may include, for

example, a metal connection that electrically connects adjacent metal lines 204, 206.

[0044] Portions of the metal lines 204, 206 are encapsulated and/or covered in a thin
dielectric material 604. The thin dielectric material 604 prevents DC current flowing to the
infrared emitting features 704 of FIG. 7, however the thin dielectric material 604 does not
prevent heat to pass from base layer 602 to infrared emitting features 704. As shown in FIG. 6,
heat point sources 606 are also covered with the thin dielectric material . In some
embodiments, the metal lines 204, 206 are physically and/or electrically connected via heat
point sources 606. It should be noted that the dielectric material 604 may be strategically
placed over corresponding locations of the lines 204, 206 and heat point sources 606.
Alternatively, the dielectric material 604 may include a layer that expands the surface of the
base layer 602. The power source 210 supplies power to metal lines 204, 206 to generate heat

at heat point sources 606 which emit infrared light.
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[0045] Referring to FIG. 7, with continued reference to FIG. 6, a pattern layer 702 of tag 200
includes infrared emitting features 704. While the infrared emitting features 704 are shown as
square-shaped, other shapes are readily contemplated. The infrared emitting features 704
include thermal conductive patches having a heat spreading element such that when current is
applied to the conductive path, and thus heat point sources 606, the heat spreading element of

infrared emitting features 704 dissipates the heat generated at such locations.

[0046] It should be noted that infrared light is also emitted at heat point sources 606 that are
not coupled to infrared emitting features 704. However, the heat spreading element of infrared
emitting features 704 causes the emitted infrared light at such locations to be less concentrated.
On the other hand, the infrared light emitted at heat point sources 606 not coupled to infrared
emitting features 704 will be more concentrated. Accordingly, the infrared light emitted from
tag 200 will appear to have a distinguishable infrared pattern where the heat point sources 606
generate smaller concentrated areas of infrared light, and the infrared emitting features 704
having a heat spreading element generates larger, less concentrated areas of infrared light.
Thus, the infrared emitting features 704 emits infrared light having a distinct temperature

gradient within the infrared pattern.

[0047] The infrared emitting features 704 can include a printed thermal conducting material,
such as carbon and/or silver paste, however other materials are readily contemplated. One or
more of the infrared emitting features 704 are positioned over respective heated point sources
606 (shown as dotted lines) such that the infrared emitting features 504 emit infrared light
having less concentration than heat point sources 606 when current is applied to the conductive
path. Because the infrared emitting features 704 may be printed, it is easy to generate new
patterns (e.g., positions where infrared emitting features 704 are located) and/or codes to tag
new objects. When a printed thermal conducting material is employed, the infrared emitting
features 704 may appear more homogenous in temperature gradient within the infrared pattern

when current is applied to the conductive path.

[0048] According, the present invention provides thermal tags 200 which are easily
recognizable in various environments. For example, assume the thermal tag 200 is located in

environment 100 next to something hot (e.g., a radiator). Both the radiator and the thermal tag
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200 emit infrared light, which is detected by a thermal sensor (e.g., monitoring device 108). By
providing infrared emitting features 704 having a heat spreading element, the monitoring device
108 can distinguish between the radiator and the thermal tag 200, since thermal tag 200 emits

infrared light in a distinguishable pattern having higher and lower concentration points.

[0049] Referring now to FIG. 8, an embodiment of the base layer 802 of the thermal tag 200
is illustratively depicted. In some embodiments, the base layer 802 includes a plurality of metal
lines that form a metal grid 804 (e.g., a conductive path). For example, the plurality of metal
lines may include vertical metal lines and horizontal metal lines, wherein adjacent metal lines
are connected to form a grid. When the power source 210 provides current to the metal grid
804, the metal grid 804 generates a homogeneous heating profile across the base layer 802,

thereby emitting infrared light.

[0050] Now referring to FIG. 9, with continued reference to FIG. 8, the pattern layer 902
includes one or more infrared reflective features 904 positioned over portions of the conductive
path (shown as dotted lines). For example, the infrared reflective features 904 are positioned in
target areas over the metal grid 804. The infrared reflective features 904 may be printed on the
pattern layer 802 and include infrared reflective material, such as aluminum, acrylic, etc. The
pattern layer 902 may be coupled to the base layer 802 such that an air gap is present between

the pattern layer 902 and the base layer 802.

[0051] As described above, a uniform heat profile is formed on the base layer 802 which
radiates heat when current is applied to the metal grid 804. Accordingly, the base layer 802
emits infrared light from the metal grid 804. The infrared reflective features 904 block the
emitted infrared light from base layer 802 to provide a predetermined infrared pattern unique to
each thermal tag 200. For example, the reflective features 904 prevents the monitoring device
108 from detecting infrared light at positions where the reflective features 904 are present. The
infrared reflective features 904 reflect and/or block the radiated heat generated by the base layer

802, thereby generating a temperature distribution pattern across the tag 200.

[0052] Because the reflective features 904 block infrared light generated at such locations,
portions of the thermal tag 200 that include the reflective features 904 may appear colder than
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other portions of the thermal tag 200 which do not have reflective features 904. Accordingly,
the monitoring device 108 can detect the emitted infrared pattern having a temperature

distribution pattern to identify the tagged object 104.

[0053] Referring now to FIG. 10, a top view of a base layer 1002 for an exemplary infrared
tag 200 is shown. The base layer 1002 includes a plurality of the metal lines 204, 206 forming
a conductive path. The metal lines 204, 206, which may include DC bias lines 204 and GND
lines 206, are alternatingly arranged and spaced apart across the base layer 1002 such that the
metal lines 204, 206 are separated. The metal lines 204, 206 include one or more metal trace
points 1004. The metal trace points 1004 are selectively positioned in a predetermined pattern
along the conductive path. As shown in FIG. 10, the metal trace points 1004 extend partially
between the metal lines 204, 206 such that the metal lines 204, 206 are separated by a gap. The
metal trace points 1004 form a unique pattern specific to the thermal tag 200 and/or tagged
object 104. For example, when infrared emitting features 1104 of FIG. 11, such as infrared
light emitting diodes (LEDs), are positioned over the metal trace points 1004 (e.g., within the
gap), only those LEDs will emit infrared light in a predetermined infrared pattern.

Accordingly, the position of the metal trace points 1004 form the unique infrared pattern for the

thermal tag 200.

[0054] The metal trace points 1004 correspond to a position associated with an infrared light
emitting diode (LED). Accordingly, when a current is passed through the metal lines (e.g.,
from line 204 to line 206) and across metal trace points 1004, select LEDs emit infrared light.
The base layer 1002 may include a power source 210 to supply a current along metal lines 204,
206, thereby emitting infrared light from the infrared light emitting diodes (LEDs) coupled to
the metal trace points 1004. In an embodiment, the base layer 1002 may be disposable while

the pattern layer 1102 of FIG. 11, as described below, may be reused.

[0055] Now referring to FIG. 11, with continued reference to FIG. 10, an exemplary pattern
layer 1102 for thermal tag 200 is shown. The pattern layer 1102 includes an array infrared
emitting features 904, such as infrared light emitting diodes (LEDs). An infrared light emitting
diode (LED) emits an infrared signal when a current passes through it. When a current passes

through the metal trace points 1004, a portion of the infrared emitting features 1104 from the
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array connect metal trace points 1004 of adjacent metal lines 204, 206. Accordingly, only a
portion of the infrared emitting features 904 emit infrared light thereby providing a unique

predetermined infrared pattern.

[0056] The predetermined infrared pattern may be representative of a code corresponding to
a particular tagged object 104. The LEDs 1104 that do not connect/correspond to a metal trace
point 1004 do not emit infrared light. Thus, the thermal tag 200 provides a unique infrared
pattern emitted from the LEDs 1104. The position of the metal trace points 1004 and/or

predetermined infrared pattern may be stored for each infrared tag 200 for tag recognition.

[0057] Referring now to FIG. 12, with continued reference to FIGs. 1 — 11, a method 1200
for fabricating a thermal tag 200 for activity monitoring is shown. Block 1202 forms metal lines
204, 206 on a base layer. The metal lines 204, 206 provide a conductive path. In some
embodiments, forming metal lines 204, 206 includes forming one or more metal trace points
along the metal lines 204, 206 and/or positioning the metal trace points in a predetermined
pattern, as shown in block 1204. For example, the metal trace points may be printed in a
predetermined pattern. The metal trace points may form a gap between adjacent metal lines
204, 206. In an embodiment, forming metal lines 204, 206 includes forming heat source points
to connect adjacent metal lines 204, 206, as shown in block 1206. In some embodiments,
forming metal lines 204, 206 includes forming a metal grid from the metal lines 204, 206 to

provide a uniform heat gradient across the base layer, as shown in block 1208.

[0058] In block 1210, the method 1200 includes forming a thin dielectric layer over at least
portions of the metal lines 204, 206 and/or heat point sources 606 on or within the base layer.
The thin dielectric material prevents DC current flowing to the infrared emitting features,
however the thin dielectric material does not prevent heat to pass from base layer to infrared

emitting features.

[0059] Block 1212 forms one or more infrared emitting features on a pattern layer. In some
embodiments, forming the one or more infrared emitting features includes positioning the
infrared emitting features in a predetermined pattern. For example, the infrared emitting

features may be positioned on the pattern layer in a predetermined pattern such that the
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predetermined pattern corresponds to positions along the conductive path. In an embodiment,
forming the one or more infrared emitting features includes positioning the infrared emitting
features within a gap formed by metal trace points such that adjacent metal trace points are
connected. In some embodiments, forming the one or more infrared emitting features includes

forming an array of infrared light emitting diodes (LEDs).

[0060] Alternatively, block 1214 forms one or more reflective features on a pattern layer. In
some embodiments, forming the reflective features includes positioning the reflective features
over portions of the conductive path in a predetermined pattern. The reflective features reflect
infrared light from the base layer, thereby emitting a predetermined infrared pattern having a

temperature gradient.

[0061] Inblock 1016, the base layer and the pattern layer are coupled. A power source
generates current within the conductive path. In an embodiment, the one or more infrared
emitting features emit infrared light in a predetermined infrared pattern. In another
embodiment, the reflective features block portions of the emitted infrared light emitted from the
base layer and provides a predetermined pattern of infrared light. In a further embodiment, the
base layer and/or the pattern layer may be replaced with a different base layers and/or pattern

layers, respectively, to emit infrared light along different predetermined patterns.

[0062] The present invention may be a system, a method, and/or a computer program
product. The computer program product may include a computer readable storage medium (or
media) having computer readable program instructions thereon for causing a processor to carry

out aspects of the present invention.

[0063] The computer readable storage medium can be a tangible device that can retain and
store instructions for use by an instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an electronic storage device, a magnetic
storage device, an optical storage device, an electromagnetic storage device, a semiconductor
storage device, or any suitable combination of the foregoing. A non-exhaustive list of more
specific examples of the computer readable storage medium includes the following: a portable

computer diskette, a hard disk, a random access memory (RAM), a read-only memory (ROM),
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an erasable programmable read-only memory (EPROM or Flash memory), a static random
access memory (SRAM), a portable compact disc read-only memory (CD-ROM), a digital
versatile disk (DVD), a memory stick, a floppy disk, a mechanically encoded device such as
punch-cards or raised structures in a groove having instructions recorded thereon, and any
suitable combination of the foregoing. A computer readable storage medium, as used herein, is
not to be construed as being transitory signals per se, such as radio waves or other freely
propagating electromagnetic waves, electromagnetic waves propagating through a waveguide
or other transmission media (e.g., light pulses passing through a fiber-optic cable), or electrical

signals transmitted through a wire.

[0064] Computer readable program instructions described herein can be downloaded to
respective computing/processing devices from a computer readable storage medium or to an
external computer or external storage device via a network, for example, the Internet, a local
area network, a wide area network and/or a wireless network. The network may comprise
copper transmission cables, optical transmission fibers, wireless transmission, routers, firewalls,
switches, gateway computers and/or edge servers. A network adapter card or network interface
in each computing/processing device receives computer readable program instructions from the
network and forwards the computer readable program instructions for storage in a computer

readable storage medium within the respective computing/processing device.

[0065] Computer readable program instructions for carrying out operations of the present
invention may be assembler instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions, microcode, firmware instructions, state-
setting data, or either source code or object code written in any combination of one or more
programming languages, including an object oriented programming language such as Smalltalk,
C++ or the like, and conventional procedural programming languages, such as the “C”
programming language or similar programming languages. The computer readable program
instructions may execute entirely on the user’s computer, partly on the user’s computer, as a
stand-alone software package, partly on the user’s computer and partly on a remote computer or
entirely on the remote computer or server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of network, including a local area network

(LAN) or a wide area network (WAN), or the connection may be made to an external computer
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(for example, through the Internet using an Internet Service Provider). In some embodiments,
electronic circuitry including, for example, programmable logic circuitry, field-programmable
gate arrays (FPGA), or programmable logic arrays (PLA) may execute the computer readable
program instructions by utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, in order to perform aspects of the present

invention.

[0066]  Aspects of the present invention are described herein with reference to flowchart
illustrations and/or block diagrams of methods, apparatus (systems), and computer program
products according to embodiments of the invention. It will be understood that each block of
the flowchart illustrations and/or block diagrams, and combinations of blocks in the flowchart
illustrations and/or block diagrams, can be implemented by computer readable program

instructions.

[0067] These computer readable program instructions may be provided to a processor of a
general purpose computer, special purpose computer, or other programmable data processing
apparatus to produce a machine, such that the instructions, which execute via the processor of
the computer or other programmable data processing apparatus, create means for implementing
the functions/acts specified in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored in a computer readable storage
medium that can direct a computer, a programmable data processing apparatus, and/or other
devices to function in a particular manner, such that the computer readable storage medium
having instructions stored therein comprises an article of manufacture including instructions
which implement aspects of the function/act specified in the flowchart and/or block diagram

block or blocks.

[0068] The computer readable program instructions may also be loaded onto a computer,
other programmable data processing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable apparatus or other device to
produce a computer implemented process, such that the instructions which execute on the
computer, other programmable apparatus, or other device implement the functions/acts

specified in the flowchart and/or block diagram block or blocks.
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[0069] The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and computer
program products according to various embodiments of the present invention. In this regard,
each block in the flowchart or block diagrams may represent a module, segment, or portion of
instructions, which comprises one or more executable instructions for implementing the
specified logical function(s). In some alternative implementations, the functions noted in the
blocks may occur out of the order noted in the figures. For example, two blocks shown in
succession may, in fact, be executed substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart illustration, and combinations of
blocks in the block diagrams and/or flowchart illustration, can be implemented by special
purpose hardware-based systems that perform the specified functions or acts or carry out

combinations of special purpose hardware and computer instructions.

[0070] Reference in the specification to “one embodiment” or “an embodiment” of the
present principles, as well as other variations thereof, means that a particular feature, structure,
characteristic, and so forth described in connection with the embodiment is included in at least
one embodiment of the present principles. Thus, the appearances of the phrase “in one
embodiment” or “in an embodiment”, as well any other variations, appearing in various places

throughout the specification are not necessarily all referring to the same embodiment.

[0071] Itis to be appreciated that the use of any of the following “/”, “and/or”, and “at least
one of”, for example, in the cases of “A/B”, “A and/or B” and “at least one of A and B”, is
intended to encompass the selection of the first listed option (A) only, or the selection of the
second listed option (B) only, or the selection of both options (A and B). As a further example,
in the cases of “A, B, and/or C” and “at least one of A, B, and C”, such phrasing is intended to
encompass the selection of the first listed option (A) only, or the selection of the second listed
option (B) only, or the selection of the third listed option (C) only, or the selection of the first
and the second listed options (A and B) only, or the selection of the first and third listed options
(A and C) only, or the selection of the second and third listed options (B and C) only, or the
selection of all three options (A and B and C). This may be extended, as readily apparent by

one of ordinary skill in this and related arts, for as many items listed.
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[0072] Having described preferred embodiments of thermal tags for real-time activity
monitoring and methods for fabricating the same (which are intended to be illustrative and not
limiting), it is noted that modifications and variations can be made by persons skilled in the art
in light of the above teachings. It is therefore to be understood that changes may be made in the
particular embodiments disclosed which are within the scope of the invention as outlined by the
appended claims. Having thus described aspects of the invention, with the details and
particularity required by the patent laws, what is claimed and desired protected by Letters

Patent is set forth in the appended claims.
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CLAIMS

1. A thermal tag for activity monitoring, comprising:

a base layer having a plurality of metal lines to provide a conductive path; and

a pattern layer having one or more infrared emitting features positioned over portions of
the conductive path, wherein at least one infrared emitting feature couples to the conductive

path to emit a predetermined infrared pattern in accordance with nearby activity.

2. The thermal tag of claim 1, wherein the one or more infrared emitting features includes
at least one material selected from the group consisting of electrically conducting material and

thermally conductive material.

3. The thermal tag of claim 1, wherein the plurality of metal lines include one or more
metal trace points and each metal trace point is separated from a metal trace point of an

adjacent metal line by a gap.

4. The thermal tag of claim 3, wherein the at least one infrared emitting feature is

positioned within the gap to connect respective adjacent metal trace points.

5. The thermal tag of claim 3, wherein the at least one infrared emitting features includes

an infrared light emitting diode.

6. The thermal tag of claim 4, wherein the one or more metal trace points are selectively

positioned in a predetermined pattern.

7. The thermal tag of claim 6, wherein the one or more infrared emitting features includes

an array of infrared light emitting diodes.

8. The thermal tag of claim 1, further comprising heat point sources connected to adjacent

metal lines.
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0. The thermal tag of claim 8, wherein the one or more infrared emitting features includes
thermally conductive patches positioned over respective heat point sources, the thermally
conductive patches having a heat spreading element to emit a temperature gradient within the

predetermined infrared pattern.

10. The thermal tag of claim 8, wherein portions of the plurality of metal lines are coated

with a thin dielectric material.

11. A thermal tag for activity monitoring, comprising:

a base layer having a plurality of metal lines to provide a conductive path, wherein the
plurality of metal lines form a metal grid to emit infrared light; and

a pattern layer having one or more infrared reflective features positioned over portions
of the conductive path, wherein at least one infrared reflective feature blocks portions of the

infrared light to provide a predetermined infrared pattern in accordance with nearby activity.

12. The thermal tag of claim 11, wherein the predetermined infrared pattern includes a

temperature distribution pattern.

13.  The thermal tag of claim 11, wherein the one or more infrared reflective features

includes at least one reflective material.

14. The thermal tag of claim 11, wherein the infrared light includes a uniform heat gradient.

15. A method for fabricating a thermal tag for activity monitoring, comprising:

forming a plurality of metal lines to provide a conductive path on a base layer;

forming one or more infrared emitting features positioned over portions of the
conductive path on a pattern layer; and

coupling the base layer to the emitting layer, wherein at least one infrared emitting
feature couples to the conductive path to emit a predetermined infrared pattern in accordance

with nearby activity.
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16. The method of claim 15, wherein forming the plurality of metal lines includes printing
one or more metal trace points such that each metal trace point is separated from a metal trace

point of an adjacent metal line by a gap.

17. The method of claim 16, wherein forming the one or more metal trace points includes

positioning the one or more metal trace points in a predetermined pattern.

18. The method of claim 15, wherein forming the plurality of metal lines includes forming
heat point sources between adjacent metal lines such that the adjacent metal lines are

connected.

19.  The method of claim 18, wherein forming the one or more infrared emitting features
includes forming thermally conductive patches positioned over respective heat point sources,
the thermally conductive patches having a heat spreading element to emit a temperature

gradient within the predetermined infrared pattern.

20. The method of claim 18, further comprising forming a thin dielectric material over

portions of the plurality of metal lines.
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