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THERMAL DETECTION SYSTEMS, METHODS, AND DEVICES

RELATED APPLICATIONS

[0001] This application claims the benefit of previously-filed, co-pending U.S. Provisional
Patent Application No. 61/377,656, filed August 27, 2010, and previously-filed, co-pending U.S.
Provisional Patent Application No. 61/484,259, filed May 1, 2011, the entire contents of both of

which are hereby incorporated by reference.

BACKGROUND

[0002] This invention relates to thermal detection devices. Thermal detection devices, such
as thermal imagers, are used by professionals in a variety of industries to assess temperatures of
objects within a field-of-view (“FOV”) of the thermal imager. The assessment of the scene
includes, for example, generating a multi-color or multi-level contrast image of the scene,
determining temperature measurements of the scene, and identifying various alarm conditions

within the scene (e.g., highest temperature, lowest temperature, average temperature, etc.).

SUMMARY

[0003] Although thermal detection devices are known, many of the devices are prohibitively
expensive due to, among other things, the detectors being used for thermal detection. For
example, many thermal imagers use a high-resolution microbolometer as a detector. The use of
high-resolution microbolometers in thermal imagers allows the thermal imagers to generate
accurate thermal images of a scene, but also significantly increases the cost of the thermal

imagers.

[0004] The invention provides thermal detection devices which are configured to generate
relative or absolute temperature representations of a scene. In one embodiment, the invention
provides a thermal detection device that includes a visual camera, a thermopile array, a
controller, a user interface, a display, and a removable and rechargeable battery pack. The
thermal detection device also includes a plurality of additional software or hardware modules
configured to perform or execute various functions and operations of the thermal detection
device. An output from the visual camera and an output from the thermopile array are combined
by the controller or one of the plurality of additional modules to generate a combined image for

display.
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[0005] In one embodiment, the invention provides a thermal imaging device that includes a
housing, a visual camera, an infrared sensor, a display, a removable and rechargeable battery
pack, and a controller. The housing includes a handle portion, and the removable and
rechargeable battery pack is configured to be inserted into the handle portion for providing
power to the thermal imaging device. The visual camera is configured to generate a first signal
related to a visual image, the infrared sensor is configured to generate a second signal related to a
thermal image, and the display is configured to display the visual image based on the first signal
and the thermal image based on the second signal. The controller is electrically connected to the
visual camera, the infrared sensor, the display, and the battery pack and is configured to control

the display of the visual image and the thermal image on the display.

[0006] In another embodiment, the invention provides a method of operating a thermal
imaging device. The method includes inserting a removable and rechargeable battery pack into a
handle portion of the thermal imaging device, receiving a signal from a trigger portion related to
capturing an image of a scene, and monitoring an ambient temperature associated with the
thermal imaging device. The method also includes storing a visual image of the scene associated
with a visual camera in a memory of the thermal imaging device, storing a thermal image of the
scene associated with an infrared sensor in the memory of the thermal imaging device, and

selectively displaying one of the visual image and the thermal image on a display.

[0007] In another embodiment, the invention provides a thermal imaging device that includes
a visual camera, an infrared sensor, a display, a rechargeable lithium-based battery pack, and a
controller. The visual camera is configured to generate a first signal related to a visual image,
the infrared sensor is configured to generate a second signal related to a thermal image, and the
display is configured to display the visual image based on the first signal and the thermal image
based on the second signal. The rechargeable lithium-based battery pack is configured to be
inserted into a handle portion of the thermal imaging device for providing power to the thermal
imaging device. The controller is electrically connected to the visual camera, the infrared sensor,
the display, and the battery pack and is configured to control the display of the visual image and
the thermal image on the display. The controller includes a memory configured to store the

visual image and the thermal image.



WO 2012/027739 PCT/US2011/049541

[0008] Other aspects of the invention will become apparent by consideration of the detailed

description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figs. 1A-1G illustrate a thermal detection device according to an embodiment of the

invention.

[0010] Fig. 2 is a perspective view of a thermal detection device according to another

embodiment of the invention.

[0011] Fig. 3 is a perspective view of a battery pack according to an embodiment of the

invention.
[0012] Fig. 4 is an exploded view of the battery pack of Fig. 3.
[0013] Fig. 5 is a top-view of the battery pack of Fig. 3.

[0014] Fig. 6 illustrates a thermal detection device according to another embodiment of the

invention.
[0015] Fig. 7 illustrates a controller according to an embodiment of the invention.

[0016] Fig. 8 illustrates a memory for storing captured images and data according to one

embodiment of the invention.

[0017] Fig. 9 illustrates a memory for storing captured images and data according to another

embodiment of the invention.
DETAILED DESCRIPTION

[0018] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction and the
arrangement of components set forth in the following description or illustrated in the following
drawings. The invention is capable of other embodiments and of being practiced or of being

carried out in various ways.
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[0019] Embodiments of the invention described herein relate to thermal detection devices
which detect and display a temperature characteristic of a scene. The thermal detection devices
include a housing having a display portion, a user interface portion, a worklight portion, and a
trigger portion. The thermal detection devices also include an optics portion, a thermal detector,
and a controller or control module for receiving signals from, among other things, the thermal
detector, the trigger portion, and the user interface portion, conditioning and processing the
received signals, and outputting the conditioned and processed signals to, for example, the
display portion, the worklight portion, and the thermal detector. The thermal detection devices
are powered by a removable and rechargeable battery pack which is inserted into a battery pack

receiving interface of the housing. The thermal detector is, for example, a thermopile array.

[0020] Figs. 1A-1G illustrate a thermal detection device or thermal imaging device 100. The
thermal detection device 100 includes a housing 105, a lens cover 110, and a battery pack 115.
The housing 105 includes a handle 120, a trigger portion 125, a worklight portion 130, a
detection portion (not shown), a user input portion 135, and a display portion 140. The lens
cover 110 is, for example, threadedly coupled to the housing 105 to protect one or more lens
components and the detection portion (e.g., a thermal detector or infrared sensor). The one or
more lenses are a part of the detection portion. In some embodiments, the thermal detection
device 100 also includes a laser pointer. The laser pointer is projected to, for example, the center

of a detection area to aid the user in locating the detection area.

[0021] Fig. 2 illustrates another thermal detection device or thermal imaging device 200.

The thermal detection device 200 is similar to the thermal detection device 100, and includes a
housing 205, a lens cover 210, and a battery pack 215. The housing 205 includes a handle 220, a
trigger portion 225, a worklight portion 230, a detection portion (not shown), and a user input
and display portion 235. Embodiments of the invention described herein are described with

respect to the thermal detection device 100.

[0022] The detection portion 100 includes, among other things, the thermal detector, optics
for the thermal detection device, a visual camera, and a shutter mechanism. In some
embodiments, the optics for the thermal detection device 100 include a single selectable or

focusable lens configuration. In other embodiments, the optics for the thermal detection device
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100 include a dual lens configuration. The lenses are made of, for example, glass, quartz glass,
fluorite, plastic, acrylic, Germanium, or the like. The lenses have a depth of focus of
approximately 2-6 feet. Dual lens configurations are implemented in embodiments of the
invention in which, for example, improved resolution is desired. In dual lens embodiments, the
inner lens is fixed, and the second lens is, for example, an aspheric lens. Embodiments of the
invention described herein relate to single lens implementations of the thermal detection device

100.

[0023] The thermal detector is, for example, a 32 pixel by 31 pixel (i.e., 32x31) thermopile
array (i.c., thermal engine) positioned at the front end of the thermal detection device 100. As
such, the thermopile array generates signals corresponding to a thermal image that is 32 pixels
wide and 31 pixels long. In other embodiments, the thermal detector is a 160 pixel by 120 pixel
(i.e., 160x120) un-cooled microbolometer and generates signals corresponding to a thermal
image that is 160 pixels wide and 120 pixels long. Each pixel of the microbolometer provides
temperature measurements having an accuracy within approximately 2%. In still other
embodiments, a cooled microbolometer is used, or a microbolometer is used in combination with
a thermopile array to achieve, for example, power compensation. In some embodiments, the
thermal detection device 100 is not configured to provide absolute temperatures of a scene. In
other embodiments, the thermal detection device 100 is configured to output absolute
temperatures of a scene. The refresh rate of the thermal detector is set to, for example, less than
or equal to 9Hz in accordance with government regulations. As is described in greater detail
below with respect to a compensation module, the thermal detector is highly sensitive to heat and
temperature changes. In order to properly compensate for this sensitivity, sensors are used to

measure temperature fluctuations caused by both internal and external heat sources.

[0024] The visual camera is located at the front end of thermal detection device 100 and
below the thermal detector. The visual camera is covered by a clear plastic shield for protection.
The visual camera has a resolution of between, for example, 1 and 12 megapixels. In some
embodiments, the thermal detection device 100 includes two or more visual cameras. Images are
captured by activating (e.g., depressing, releasing, holding, etc.) the trigger portion. In some
embodiments, a single image based on the thermal detector and a single image based on the

visual camera is captured at the time the trigger portion is activated. For example, each time the
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trigger portion is activated, a single visual image is captured and a single visual-thermal blended
image is captured. Each image is saved as a separate file having, for example, a corresponding
time-stamp for identification. In some embodiments, when the trigger portion is activated, the
image that is being displayed by the display portion is captured. In other embodiments, a series
of images are captured based on the amount of time that the trigger is activated. The visual
camera is also configured for manual or automatic focusing and at least one of the visual camera
module or controller (both described below) is configured to execute one or more extended depth
of focus (“EDOF”) techniques. The visual camera refresh rate is approximately, for example,
30Hz. Higher refresh rates are possible for the visual camera, but the perceptual effects of the

increase in refresh rate are virtually indistinguishable by the human eye.

[0025] The display portion 140 and user interface portion 135 include a visual display and
one or more user input devices (e.g., buttons), respectively. The visual display is, for example, a
liquid crystal display (“LCD”), a light-emitting diode (“LED”) display, an organic LED
(“OLED”) display, an electroluminescent display (“ELD”), a surface-conduction electron-emitter
display (“SED”), a field emission display (“FED”), or the like. In some embodiments, the
display is a 3.5” thin-film transistor (“TFT”’) LCD. In other embodiments, the display is a Super
active-matrix OLED (“AMOLED?”) display. Displays are often rectangular in shape, and the
outputs of the visual camera or thermal detector are often square in shape. As such, following
the mapping of an output of a visual camera or thermal detector to the output display, there are
unused pixels around the edges of the display. The output of the visual camera, the output of the
thermal detector, or a combination of the two can be stretched to fit the screen. Additionally or
alternatively, the unused pixels are black, or information is displayed in the unused pixels (e.g.,
menus, temperature data, etc.). The refresh rate of the display portion is approximately, for

example, 30Hz.

[0026] The housing 105 includes a battery pack interface within the handle 120 of the
thermal detection device 100 for receiving the battery pack 115. The battery pack 115 includes a
casing 300, an outer housing 305 coupled to the casing 300, and a plurality of battery cells 310
(see Fig. 4) positioned within the casing 300. The casing 300 is shaped and sized to fit within
the recess of the thermal detection device handle 120 to connect the battery pack 115 to the

thermal detection device 100. The casing 300 includes an end cap 315 to substantially enclose
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the battery cells 310 within the casing 300. The illustrated end cap 315 includes two power
terminals 320 configured to mate with corresponding power terminals of the thermal detection
device 100. In other embodiments, the end cap 315 may include terminals that extend from the
battery pack 115 and are configured to be received in receptacles supported by the thermal
detection device 100. The end cap 315 also includes sense or communication terminals 325 (see
Fig. 5) that are configured to mate with corresponding terminals from the thermal detection
device 100. The terminals 325 couple to a battery circuit (not shown). The battery circuit can be
configured to monitor various aspects of the battery pack 115, such as pack temperature, pack
and/or cell state of charge, etc. and can also be configured to send and/or receive information
and/or commands to and/or from the thermal detection device 100. In one embodiment, the
battery circuit operates as illustrated and described in U.S. Patent No. 7,157,882 entitled
“METHOD AND SYSTEM FOR BATTERY PROTECTION EMPLOYING A
SELECTIVELY-ACTUATED SWITCH,” issued January 2, 2007, the entire content of which is
hereby incorporated by reference. In another embodiment, the battery circuit operates as
illustrated and described in U.S. Patent No. 7,589,500 entitled “METHOD AND SYSTEM FOR
BATTERY PROTECTION,” issued September 15, 2009, the entire content of which is also

hereby incorporated by reference.

[0027] The casing 300 and power terminals 320 substantially enclose and cover the terminals
of the thermal detection device 100 when the pack 115 is positioned in the handle 120. That is,
the battery pack 115 functions as a cover for the handle 120 and terminals of the thermal
detection device 100. Once the battery pack 115 is disconnected from the device 100 and the
casing is removed from the handle 120, the battery terminals on the thermal detection device 100

are generally exposed to the surrounding environment.

[0028] The outer housing 305 is coupled to an end of the casing 300 substantially opposite
the end cap 315 and surrounds a portion of the casing 300. In the illustrated construction, when
the casing 300 is inserted into or positioned within the handle 120 of the thermal detection device
100, the outer housing 305 generally aligns with an outer surface of the handle 120. In this
construction, the outer housing 305 is designed to substantially follow the contours of the device

100 to match the general shape of the handle 120. In such embodiments, the outer housing 305
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generally increases (e.g., extends) the length of the handle 120 of the thermal detection device
100.

[0029] In the illustrated embodiment, two actuators 330 (only one of which is shown) and
two tabs 335 are formed in the outer housing 305 of the battery pack 115. The actuators 330 and
the tabs 335 define a coupling mechanism for releasably securing the battery pack 115 to the
thermal detection device 100. Each tab 335 engages a corresponding recess formed in the
thermal detection device 100 to secure the battery pack 115 in place. The tabs 335 are normally
biased away from the casing 300 (i.c., away from each other) due to the resiliency of the material
forming the outer housing 305. Actuating (e.g., depressing) the actuators 330 moves the tabs
335 toward the casing 300 (i.e., toward each other) and out of engagement with the recesses such
that the battery pack 115 may be pulled out of the handle 120 and away from the thermal

detection device 100.

[0030] As shown in Fig. 5, the battery pack 100 includes three battery cells 310 positioned
within the casing 300 and electrically coupled to the terminals 320. The battery cells 310
provide operational power (e.g., DC power) to the thermal detection device 100. In the
illustrated embodiment, the battery cells 310 are arranged in series, and each battery cell 310 has
a nominal voltage of approximately four-volts (“4.0V”), such that the battery pack 115 has a
nominal voltage of approximately twelve-volts (“12V”). The cells 310 also have a capacity
rating of approximately 1.4Ah. In other embodiments, the battery pack 115 may include more or
fewer battery cells 310, and the cells 310 can be arranged in series, parallel, or a serial and
parallel combination. For example, the battery pack 115 can include a total of six battery cells
310 in a parallel arrangement of two sets of three series-connected cells. The series-parallel
combination of battery cells 310 creates a battery pack 115 having a nominal voltage of
approximately 12V and a capacity rating of approximately 2.8Ah. In other embodiments, the
battery cells 310 may have different nominal voltages, such as, for example, 3.6V, 3.8V, 4.2V,
etc., and/or may have different capacity ratings, such as, for example, 1.2Ah, 1.3Ah, 2.0Ah,
2.4Ah, 2.6Ah, 3.0Ah, etc. In other embodiments, the battery pack 115 can have a different
nominal voltage, such as, for example, 10.8V, 14.4V, etc. In the illustrated embodiment, the

battery cells 310 are lithium-ion battery cells having a chemistry of, for example, lithium-cobalt
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(“Li-Co”), lithtum-manganese (“Li-Mn”), or Li-Mn spinel. In other embodiments, the battery

cells 310 may have other suitable lithium or lithtum-based chemistries.

[0031] The battery pack 115 is also configured to connect and provide power to additional
devices such as drills, saws, grease guns, right angle drills, pipe cutters, lasers, impact wrenches,
impact drivers, reciprocating saws, inspection cameras, radios, worklights, screwdrivers, wall
scanners, infrared thermometers, clamp meters, digital multimeters, fork meters, multi-tools,

grinders, band saws, jig saws, circular saws, rotary hammers, generators, vacuums, and the like.

[0032] In some embodiments, a battery pack controller (not shown) is configured to provide
information related to a battery pack temperature or voltage level to a controller of the thermal
detection device 100, such as the thermal detection device controller 405 shown in and described
with respect to Fig. 6. The thermal detection device controller 405 and the battery pack
controller also include low voltage monitors and state-of-charge monitors. The monitors are
used by the thermal detection device controller 405 or the battery pack controller to determine
whether the battery pack 115 is experiencing a low voltage condition which may prevent proper
operation of the thermal detection device 100, or if the battery pack 115 is in a state-of-charge
that makes the battery pack 115 susceptible to being damaged. If such a low voltage condition or
state-of-charge exists, the thermal detection device 100 is shut down or the battery pack 115 is
otherwise prevented from further discharging current to prevent the battery pack 115 from

becoming further depleted.

[0033] The thermal detection devices 100 and 200 described above are illustrated modularly
as a thermal detection device 400 in Figs. 6 and 7. The shape and structure of the thermal
detection device 400 is described above with respect to the thermal detection devices 100 and
200. The thermal detection device 400 generally includes, among other things, the controller
405, a display 410, and a user interface 415. The controller 405 is implemented on, for example,
a printed circuit board (“PCB”). The PCB (not shown) is populated with a plurality of electrical
and electronic components which provide operational control and protection to the thermal
detection device 400. In some embodiments, the PCB includes a control or processing unit 420
such as a microprocessor, a microcontroller, or the like, a memory 425, an input/output (“1/0”)

interface 430, and a bus. The bus connects various components of the controller 405 including



WO 2012/027739 PCT/US2011/049541

the memory to the processing unit. The memory 425 includes, in many instances, read only
memory (“ROM?”), such as an electrically erasable programmable read-only memory
(“EEPROM”), and random access memory (“RAM?”). The controller 405 also includes an
input/output system that includes routines for transferring information between components
within the controller 405. Software included in the implementation of the thermal detection
device 400 is stored in the memory of the controller 405. The software includes, for example,
firmware applications and other executable instructions. In other embodiments, the controller

405 can include additional, fewer, or different components.

[0034] The PCB also includes, among other things, a plurality of additional passive and
active components such as resistors, capacitors, inductors, integrated circuits, and amplifiers.
These components are arranged and connected to provide a plurality of functions to the PCB
including, among other things, filtering, signal conditioning, and voltage regulation. For
descriptive purposes, the PCB and the electrical components populated on the PCB are
collectively referred to as “the controller” 405. The controller 405 includes or receives signals
from the sensors or components within the thermal detection device 100, conditions and
processes the signals, and transmits processed and conditioned signals to, for example, the

display.

[0035] With reference to Fig. 7, the controller 405 includes one or more modules configured
to provide operative control to the thermal detection device 400. The modules include, for
example, hardware, software, or a combination of hardware and software configured to achieve
the desired function of each module. As an illustrative example, each module can include
hardware (e.g., electrical circuit components, displays, sensors, etc.) and software (e.g.,
functions, subroutines, executable programs, etc.) associated with the functional and operative

control of the module.

[0036] In the illustrated embodiment, the controller 405 includes a control module 435. The
control module 435 is connected to a plurality of additional systems or modules within the
thermal detection device 400, such as a power supply module 440, a user interface module 445, a
visual camera module 450, a thermal detection module 455, an I/O module 460, a compensation

module 465, a feedback module 470, a calibration module 475, a worklight control module 480,

10
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and a display module 485. Although the modules 440-485 are illustrated as being separate from
and connected to the control module 435, in some embodiments of the invention, one or more of
the modules 440-485 are integrated into the control module 435. In some embodiments, the
modules 440-485 also include electric and electronic components similar to those described
above with respect to the controller 405 to perform or enable a variety of functions of the thermal
detection device 400. Additionally, other embodiments of the invention include more, fewer, or
different modules coupled to or integrated with the control module 435. The control module
435, the modules 440-485, or combinations of the control module 435 and modules 440-485 are
used to execute the control and operational functions of the thermal detection device 400

described herein.

[0037] The power supply module 440 is electrically connected to the battery pack 115 for
receiving power. The power supply module 440 includes electrical components (e.g., resistors,
capacitors, diodes, transistors, amplifiers, etc.) to regulate and condition power for the various
modules and components within the thermal detection device 400. For example, the power
supply module 440 is configured to produce a variety of different levels of voltage for the
various modules and components of the thermal detection device 400 depending on the power
requirements of the various modules and components. In some embodiments, the power supply
module 440 produces regulated and conditioned voltages between approximately 0.7 volts and

12.0V.

[0038] Power from the power supply module 440 is distributed to various modules and
components within the thermal detection device 400. In some embodiments, the power supply
module 440 continuously provides power to, for example, the control module 435 when the
thermal detection device 400 is powered up (i.c., turned on). Additionally or alternatively, the
power supply module 440 does not provide power to various modules or components until a
signal from the control module 435 indicating that power should be supplied to the module or
components is received. For example, the worklight control module 480 does not receive power
from the power supply module 440 until the power supply module 440 receives an indication
from the control module 435 that the worklight control module 480 is to receive power. In other
embodiments, the user activates or selects a button to open or close a switch to provide power to

one or more of the modules (e.g., closing a switch to power the worklight). In some

11
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embodiments, the user interface module 445, the visual camera module 450, the thermal detector
module 455, the I/O module 460, the compensation module 465, the feedback module 470, the
calibration module 475, and the display module 485 receive power only after a user activates one
or more switches and/or the control module 435 provides a signal to the power supply module
440. The power supply module 440 can also be directly connected to various others of the

modules 445-485 within the thermal detection device 400.

[0039] The user interface module 445 includes or receives signals from a plurality of
switches (e.g., buttons) associated with the control and operation of the thermal detection device
400 (e.g., selecting temperature ranges for display, selecting display colors or color palettes,
selecting or setting image review options, selecting operational modes, selecting display modes,
selecting displayed information, and the like). The user interface module 445 includes, for
example, a power button for turning the thermal detection device 400 on and off, a review button
for reviewing capture images, a worklight button for turning the LED worklight on and off, a
toggle button for toggling between a visual image display mode and a blended image display
mode, a menu button for accessing one or more menus of the thermal detection device 400,
navigation buttons (e.g., up, down, left, right, etc.) for navigating through the one or more menus
or stored images, a trigger for capturing images, and a select button for making one or more
selections from, for example, the one or more menus. In some embodiments, any of the above
buttons can be combined such that a single button has multiple functions (e.g., the select button

is also used to turn the thermal detection device 400 on and off, etc.).

[0040] As an illustrative example, the user interface module 445 receives signals from the
trigger portion 125. The actuation or depression of the trigger portion 125 generates a signal
which is received by the user interface module 445 and indicative of a desire to capture an image
of the scene. The user interface module 445 sends the signal to the control module 435 or the
thermal detector module 455 to capture the image. Similarly, control buttons related to the
operational mode or display mode of the thermal detection device 400 generate signals that are
received by the user interface module 445. The user interface module 445 transmits the signals
to the control module 435 or another module within the thermal detection device 400 to
correspondingly control the operational or display mode of the thermal detection device 400.

For example, the thermal detection device 400 includes a “hot key” or toggle to switch between

12
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images that were captured using the thermal detection device 400. In some embodiments, the
hot key is a physical button that is actuated to uni-directionally scroll through captured images.
In other embodiments, two or more buttons are used to scroll through captured images in
multiple directions (e.g., forward, reverse, etc.). To facilitate the review of images on the
thermal detection device 400, the buttons can be used to access a folder or directory view of
stored images which allows the user to access and view images which were previously captured
using the thermal detection device 400. In some embodiments, the user interface module 445 is
included in or integrated with the display module 485 (e.g., when the display module 485

includes a touch-screen display).

[0041] The visual camera module 450 includes or receives signals from one or more visual
cameras as described above. The visual camera module 450 sends electrical signals
corresponding to a sensed visual scene to the control module 435 for processing, or directly to
the display module 485 for display. The visual camera module 450 receives power from the
power supply module 440 and is configured to receive one or more control signals from the
control module 435. For example, the control module 435 provides the visual camera module
450 with one or more signals corresponding to settings of the one or more visual cameras. The
settings of the visual cameras can include brightness, contrast, etc. In some embodiments, the
visual camera module 450 receives signals from the thermal detector module 455, the feedback
module 470, the compensation module 465, etc. The visual cameral module 450 uses these
signals as feedback and adjusts settings of the visual cameras in response. Alternatively, the
control module 435 receives the signal from the thermal detector, determines what changes
should be made to the operation of the visual camera, and sends signals to the visual camera

module 450 to modify one or more settings.

[0042] In some embodiments, parallax correction is achieved using a first visual camera on a
first side of the thermal detector and a second visual camera on a second side of the thermal
detector. The two visual camera implementations allow electronics (e.g., the control module
435) to perform geometric calculations to correct for parallax error between the visual cameras
and the thermal detector. In other embodiments, electronics are used to correct for parallax error

for a single visual camera.
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[0043] The thermal detector module 455 receives signals from and transmits signals to the
thermal detector. The signals received from the thermal detector include, for example, output
signals related to the amount of thermal radiation detected by the thermal detector. The signals
transmitted by the thermal detector module 455 to the thermal detector include, for example,
temperature compensation signals, as described below. In some embodiments, the thermal
detector module 455 is configured to perform signal conditioning and processing on the output
signals received from the thermal detector. In other embodiments, and as described below, the
signal conditioning and processing can also be performed by the control module 435. The signal
conditioning and processing includes, among other things, upscaling (e.g., interpolation),
temperature compensation, normalization, and the like. In some embodiments, the thermal

detector is included in the thermal detector module 455.

[0044] The I/O module 460 includes one or more ports for, among other things, storing or
retrieving data from the thermal detection device 400. For example, the I/O module 460 includes
one or more USB ports, one or more SD card slots, one or more FireWire ports, a serial port, a
parallel port, etc. In some embodiments, the thermal detection device 400 includes an ability to
transmit or receive information over a wireless short-range communications network employing
a protocol such as, for example, Bluetooth, ZigBee, Wi-Fi, or another suitable short-range
communications protocol. The I/O module 460 allows a user to retrieve images stored in an
internal memory, such as memory 425, of the thermal detection device 400 and transfer them to,
for example, a personal computer, phone, laptop, PDA, tablet computer, e-book reader,
television, or the like. The images are stored as a file type such as JPEG, TIFF, PNG, GIF,
BMP, ctc. In some embodiments, the thermal detection device 400 includes a limited amount of
memory, and an SD or microSD card is inserted into the thermal detection device 400 to store
captured images. The SD card can be removed from the thermal detection device 400 and
inserted into a corresponding port on any of the previously mentioned devices. In some
embodiments, the thermal detection device 400 is configured to capture still images and store
them to the SD card or another suitable memory of the thermal detection device 400. In other
embodiments, the thermal detection device 400 is configured to capture still images and video of
a scene. In embodiments of the invention in which the SD card is the only or primary storage

medium, the absence of an SD card in the thermal detection device 400 may prevent the thermal
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detection device 400 from being able to store images. In embodiments of the thermal detection
device 400 that include both an SD card slot and a USB port, and an SD card is present in the SD
card slot, inserting a USB cable into the USB port can cause the images stored on the SD card to

be automatically downloaded to, for example, a computer.

[0045] The images captured by the thermal detection device 400 can be stored or saved to
memory in a variety of different ways. For example, upon the activation of the trigger, three sets
of information can be saved. A first set of information corresponds to a visual image (e.g.,
captured using a CCD-type camera). The visual image is associated with a scene being imaged
and corresponds to a first FOV and a first spectrum of electromagnetic radiation. A second set of
information corresponds to a thermal image. The thermal image is associated with the scene
being imaged and corresponds to a second FOV and a second spectrum of electromagnetic
radiation. The thermal image is, for example, the portion of the scene being imaged that is
displayed on the display at the time the trigger is activated. The thermal image is related to a
first range of temperatures (e.g., the range of temperatures detected by the thermal detection
device, a user-defined range of temperatures, an automatic range of temperatures, etc.), and is
color coded to provide an indication to a user of the relative and/or absolute temperatures within
the imaged scene. The second FOV may be different that the first FOV (e.g., as a result of
differences in visual and thermal imaging technologies). In some embodiments, a temperature
gradient, a maximum temperature, a minimum temperature, an average temperature, a selected
range of temperatures, ctc., are displayed by the thermal detection device 400 and are included in
the thermal image. A third set of information corresponds to a set of thermal data captured by
the thermal detection device 400. The third set of data is associated with a third spectrum of
electromagnetic radiation. For example, the third set of information includes a full set of pixel-
by-pixel temperature data gathered by the focal plane array, microbolometer, etc. The third set
of information can also include calibration parameters, camera settings, temperature range

settings, color scale information, maximum temperatures, minimum temperatures, etc.

[0046] The visual image, the thermal image, and the set of thermal data can be stored to
memory as one or more individual files. For example, in the embodiment illustrated in Fig. §, a
visual image 500 and a set of thermal data 505 are combined (e.g., the thermal data 505 is

appended to the visual image 500) into a first file 510 within a memory 515. As such, the first
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file 510 corresponds to the first spectrum of electromagnetic radiation, which is not associated
with a temperature of the scene being imaged, and the third spectrum of electromagnetic
radiation which is associated with the temperature of the scene being imaged. A thermal image
520 1s stored as a second file 525 that is separate from the first file 510, and corresponds to the
second spectrum of electromagnetic radiation. As illustrated in the embodiment of Fig. 9, the
visual image 500, the thermal image 520, and the thermal data 505 are also each able to be stored

as separate files within the memory 515.

[0047] With reference once again to Fig. 7, the compensation module 465 is configured to
perform a variety of compensation functions for the thermal detection device 400. For example,
the thermal detector (e.g., the thermopile array, the microbolometer, etc.) is highly sensitive to
variations in temperature (e.g., ambient temperature). The pixels of the thermal detector also do
not change uniformly. The pixels along the edges of the thermal detector have a tendency to be
affected by variations in ambient temperature more quickly than the pixels at the interior of the
thermal detector. To compensate for these effects, the compensation module 465 includes (e.g.,
stores in a memory) or generates a thermal gradient map for the thermal detector. The gradient
map corresponds to the manner in which each pixel of the thermal detector is affected by
variations in temperature. The gradient map is then used to compensate the output pixel values
for each pixel of the thermal detector. In some embodiments, the compensation module 465
detects a rate at which the ambient temperature of the thermal detection device 400 or the
environment around the thermal detection device is changing. The rate at which the ambient
temperature is changing is used to modify, for example, the rate at which the output of the
thermal detector is compensating, a thermal gradient map that is being used for compensation,

etc.

[0048] In some embodiments, the ambient temperature of the thermal detection device 400,
the ambient temperature of the thermal detector, or the temperature of one or more pixels of the
thermal detector is adjusted by the compensation module 465 such that it matches a temperature
of a target within a scene. Heat can be applied to each pixel in the thermal detector or the
peripheral pixels in the thermal detector to adjust the temperature of the thermal detector. For
example, an array of temperature sensors are positioned around the thermal detector (e.g., around

the edges of the thermal detector) to sense the temperature of one or more pixels in the thermal
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detector. The output signals from the temperature sensors are used to determine which portions
of the thermal detector are different from the temperature of the target within the scene. In some
embodiments, the temperature sensors are used in combination with a thermal gradient map for
the thermal detector to determine which portions of the thermal detector need to be heated or
cooled to match the temperature of the target within the scene. Additionally or alternatively, the
compensation module is configured to match the ambient temperature of the thermal detection
device 400, the ambient temperature of the thermal detector, or the temperature of one or more
pixels of the thermal detector to an ambient temperature or average temperature of an

environment near the thermal detection device 400.

[0049] In some embodiments, a second thermopile array is used to source heat to the thermal
detector and control the temperature of the thermal detector. Although additional power is
required to, for example, supply heat to the thermal detector to match the temperature of the
target within the scene, the use of a higher power battery pack (e.g., 12V) enables the thermal
detection device to perform the temperature matching without sacrificing other features or

functions of the thermal detection device 400.

[0050] The feedback module 470 is configured to generate signals which are used to control
the operation of the thermal detection device 400. For example, the feedback module 470
receives signals related to the amount of light detected by the visual camera, the amount of
thermal radiation detected by the thermal detector, an ambient temperature, an average
temperature, distances, etc. and generates one or more control signals in response. The signals
generated by the feedback module 470 are then sent to, for example, the control module 435, the
visual camera module 450, the thermal detector module 455, the display module 485, the
worklight control module 480, etc. The signals sent to the visual camera module 450 are used to
control, among other things, brightness settings, contrast settings, and other image quality
settings. The signals sent to the visual camera module 450 are in response to, for example, the
amount of thermal radiation detected by the thermal detector or infrared sensor. The signals sent
to the display module 485 include temperature measurements or calculations, distance
measurements or calculations, and the like. These signals are used to control, among other
things, displayed temperature values, displayed FOV information, and the like. The signals sent

to the worklight control module 480 are used to control, for example, the amount of light output
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by the worklight. Additionally or alternatively, each signal is first sent to the control module 435

for processing.

[0051] The calibration module 475 is configured to perform a variety of calibration functions
for the thermal detection device 400. For example, the calibration module 475 has a memory
that includes stored factory calibration information for the thermal detector. When the thermal
detection device 400 is turned on, a self calibration and warm up is executed. In some
embodiments, the calibration module 475 includes a combination of software and hardware for
calibrating the thermal detector during use. For example, the thermal detection device 400
includes a shutter mechanism which blocks substantially all light from impinging the thermal
detector. The shutter mechanism is intermittently (e.g., once per minute) placed in front of the
thermal detector to identify baseline output values for the thermal detector and/or each pixel of
the thermal detector. The calibration module 475 is configured to, among other things, control
when the shutter mechanism is placed in front of the thermal detector and the period of time for
which the shutter mechanism remains in front of the thermal detector. In some embodiments, the
shutter mechanism remains in front of the thermal detector for one second. In other
embodiments, the shutter mechanism is in front of the thermal detector for only a fraction of a
second. The amount of time the shutter mechanism remains in front of the thermal detector is
dependent upon, for example, the thermal detector being used, the processing power of the
controller 405, the software stored in memory, etc. As such, the amount of time the shutter
mechanism remains or is required to remain in front of the thermal detector is dependent upon a

variety of factors and can vary from device to device.

[0052] In some embodiments, the shutter mechanism is only placed in front of the thermal
detector when the thermal detection device 400 is turned on (i.e., powered up). In other
embodiments, the shutter mechanism is placed in front of thermal detector at predetermined time
intervals (e.g., once per minute, once every thirty seconds, etc.). Additionally or alternatively,
the shutter mechanism is placed in front of the thermal detector when a substantial change in
ambient temperature is detected. For example, when the thermal detection device 400 is taken
from an indoor environment to an outdoor, the ambient temperature of the thermal detection
device 400 and the environment around the thermal detection device 400 can undergo a

substantial change. When the change in ambient temperature is detected, the calibration module
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475 generates a signal causing the shutter mechanism to be placed in front of the thermal
detector such that new calibration values for the thermal detector can be obtained. In some
embodiments, the calibration module 475 monitors or detects a rate at which the ambient
temperature is changing. If the rate at which the ambient temperature is changing is greater than

a threshold value, the shutter mechanism is used for recalibration.

[0053] As previously described, the calibration module 475 is also configured to store one or
more factory calibration values for the thermal detector. In some embodiments, the calibration
module 475 includes a plurality of pre-use permutations associated with various operating
conditions of the thermal detection device 400. In such embodiments, the calibration module
475 is configured to retrieve a calibration value from memory that corresponds to a set of
operational parameters of the thermal detection device 400 (e.g., ambient temperature, thermal
detector temperature, shutter mechanism temperature, etc.). The retrieved calibration values are
then used in place of or in combination with the calibration values obtained using the shutter

mechanism as described above.

[0054] In some embodiments, the shutter mechanism and the thermal detector are maintained
at the same temperature. For example, differences between the temperature of the shutter
mechanism and the temperature of the thermal detector can cause errors in detected temperatures
and/or in the image that is ultimately displayed by the thermal detection device. As such, the
calibration module 475 is configured to apply or sink heat from the shutter mechanism or the
thermal detector such that they are maintained at the same or approximately the same

temperature (e.g., within an acceptable tolerance value).

[0055] The worklight control module 480 is connected to the worklight button described
above. When the user activates the worklight button, a signal from the worklight control module
480 provides a signal to the control module 435. The control module 435 selectively provides
power from the power supply module 440 to the worklight control module 480 for illuminating

the worklight.

[0056] The worklight provides a convenient source of light when operating the thermal
detection device 400, because the thermal detection device 400 is sometimes used in dark

environments; light from the worklight can be used to provide sufficient illumination for the
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visual camera(s). In some embodiments, the worklight includes an incandescent light bulb, one
or more LEDs, or the like. In one embodiment, the worklight includes three high-intensity LEDs
and has an output of, for example, 250 LUX at a distance of two feet. As such, the worklight is
sufficiently powerful to illuminate an area in front of the thermal detection device 400. In some
embodiments of the invention, the output of the worklight is greater than 250 LUX at a distance

of two feet.

[0057] The worklight is either integral to or detachable from the thermal detection device
400. In embodiments of the invention in which the worklight is detachable from the thermal
detection device 400, the worklight includes a secondary power source, and the thermal detection
device 400 and the worklight include corresponding interfaces for attachment and detachment
(e.g., flanges, tongues and grooves, magnets, etc.). The secondary power source is, for example,
a battery that is electrically isolated from the thermal detection device 400, charged by the
thermal detection device 400, or otherwise receives power from the thermal detection device 400
(e.g., wirelessly). The worklight also includes a worklight timeout period. The worklight
timeout period has a preprogrammed value or the value is set by the user. If the worklight
timeout period is reached or lapses and the worklight has not been turned off, the worklight is
turned off to conserve power. The worklight is positioned at the front end of the thermal
detection device 400, is below the thermal detector, and is covered by a clear plastic shield for

protection.

[0058] In some embodiments, the output of the worklight is regulated by the control module
435, the feedback module 470, or the worklight control module 480. For example, the feedback
module 470 generates one or more signals related to the amount of light detected by the visual
camera, the amount of thermal radiation detected by the thermal detector, or both. These signals
are sent directly to the worklight control module 480 or to the control module 435 to be
processed. The worklight control module 480 receives signals indicative of a condition of the
environment (e.g., the amount of light present), and modifies the output of the worklight
accordingly. For example, when there is a small amount of light detected in an environment, the
output of the worklight is increased. Increasing the output of the worklight increases the amount
of light in the environment, and enables the combination or blending of visual and thermal

images as described below.
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[0059] The display module 485 receives control signals from the control module 435 and
power from the power supply module 440 sufficient to illuminate, for example, one or more
LEDs or a display which provides an indication of a result of a test. Among the signals received
from the control module 435 are signals related to a display mode. For example, the display
module 485 is configured to operate in any of a variety of display modes, such as a thermal
image display mode, a visual image display mode, and a combined display mode. The display
module 485 is switched among the display modes by way of, for example, one or more control
signals received by the user interface module 445 (e.g., corresponding to one or more buttons
being pressed or switches being activated). The display module 485 is configured to remain in a
selected display mode until the user activates another button or switch indicative of a desire to
change the display mode. Additional display modes include a review mode for reviewing

captured images, and a menu mode in which one or more menus are displayed.

[0060] Included in the display are, for example, measured temperatures, average
temperatures, ambient temperatures, indications of a detection area, a distance to a target, etc.
The display also includes a crosshair positioned at the center of the display. The crosshair is
used as a reference point within the displayed scene. A variety of additional display functions
are based on the position of the crosshair in the displayed scene. For example, a temperature
within a scene or an average temperature of a portion of the scene corresponding to the location
of the crosshair is displayed on the display (e.g., in a corner of the display). In some
embodiments, a circle or square is drawn around the crosshair which corresponds to, for
example, approximately a 1.0° FOV about the crosshair. In other embodiments, any of a variety
of polygons are used which correspond to a FOV about the crosshair. The polygon surrounding
the crosshair is indicative of the approximate sensed area for the thermal detector, or at least a
portion of the sensed area for which a temperature can be reliably determined. Accordingly, the
polygon is resized based on the distance of the thermal detector from a target within a scene.
The approximate distance of the thermal detector from the target within the scene is determined

using, for example, a laser rangefinder or another similar distancing technique.

[0061] In addition to the modules 440-485 described above, the control module 435 is also
configured to perform additional functions and processing related to the operation of the thermal

detection device 400. As described above, the user is able to select among a variety of
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operational modes, display modes, and the like. The display modes include a visual camera
mode, a thermal detector mode, and a blended mode. The blended mode of operation combines
signals received from the thermal detector and signals received from the visual camera into a
combined or blended image which is capable of being displayed on the display. The visual
camera has a resolution of, for example, 160 pixels by 160 pixels (160x160). The thermal
detector has a resolution of, for example, 31 pixels by 32 pixels (31x32), 64 pixels by 64 pixels
(64x64), 128 pixels by 128 pixels (128x128), etc. To properly combine the signals from the
visual camera and the thermal detector, the output of the thermal detector is up-scaled to match
the size of the visual camera (i.e., 160x160). The output of the thermal detector is up-scaled
using any of a variety of techniques, such as averaging of the closest data points, nearest
neighborhood techniques, linear interpolation, pixel replication, bilinear interpolation, contrast
stretching, edge detection/enhancement, MTF peaking, integration, cubic convolution, sync
filters, and cubic spline interpolation. The up-scaled output of the thermal detector and the
output of the visual camera can be combined or blended in any of a variety of ways, such as, for
example, a multiply blend mode, a screen blend mode, overlay blend mode, a soft light blend
mode, a hard light blend mode, a dodge blend mode, a color dodge blend mode, a linear dodge
blend mode, a burn blend mode, a color burn blend mode, a linear burn blend mode, a divide
blend mode, an addition blend mode, a subtraction blend mode, a difference blend mode, a
darken only blend mode, and the like. Contrast enhancement can also be performed on the visual

and thermal images to increase the quality of the displayed image.

[0062] In some embodiments, each pixel in the output of the visual camera and each pixel in
the up-scaled output of the thermal detector is assigned a numerical value corresponding to an 8-
bit color (i.e., a value between 0 and 255). The values for each pixel of the output from the
visual camera and the values for each pixel of the up-scaled output of the thermal detector are

then proportioned, combined, and normalized to generate an output image signal.

[0063] For example, each pixel in the output of the visual camera is weighted at a value of
0.4. Each pixel in the up-scaled output of the thermal detector is also weighted at a value of 0.4.
A multiplication is performed on the pixel values from the output of the visual camera and the

up-scaled pixel values of the output of the thermal detector. The product of the pixel values is
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normalized by dividing by 255. The result of the normalized multiplication is weighted at a

value 0of 0.2.

[0064] For each pixel of the display, the output value is the mathematical sum of weighted
values from the thermal camera, the thermal detector, and the normalized multiplication. An
exemplary calculation is provided below in which the pixel value (“A”) for the output of the
visual camera is 200, and the pixel value (“B”) for the up-scaled output of the thermal detector is

100. The result (“C”) of the normalized multiplication is calculated below.

B Ax B ~200x100
255 255

C ="78.43

[0065] The output pixel value (“D”) of the corresponding pixel of the display is then

calculated as provided below.

D =(0.4x200)+(0.4x100)+(0.2x78.43) = 135.69

[0066] The blend ratios of the pixel values for the output of the visual camera, the up-scaled
output of the thermal detector, and the result of the multiplication can also be modified based on,
among other things, features of the scene. For example, the blend ratios can be modified based
on the amount of light present in the scene, the range of temperatures detected in the scene, the
distance of objects in the scene to the thermal detection device, the ambient temperature of the
scene, an average temperature of the scene, etc. Based on these features, the level of blend or the
level of thermal overlay is modified. Additionally or alternatively, the level of blending of the
images is manually controlled by the user. For example, a button is activated to toggle through
various different blending ratios (e.g., 20% thermal, 40% thermal, 60% thermal, 80% thermal,

etc.). In other embodiments, the user sets desired blend ratios.

[0067] In some embodiments, the output values, D, for each pixel are normalized. For
example, if the highest output pixel value is 135.69, each of the output values for the pixels
would be scaled by a factor of 255/135.69 to make at least one pixel correspond to an output

pixel value of 255.

23



WO 2012/027739 PCT/US2011/049541

[0068] In other embodiments, different normalization techniques can be used. For example,
only pixels corresponding to temperatures within, for example, a +/- 5° or +/-10° window around
the ambient temperature are displayed. An ambient temperature sensor is used to determine the
ambient temperature of a scene being imaged or the ambient temperature of the environment
around the thermal detection device 400. The output pixel values are then scaled such that all
colors correspond to the window around the ambient temperature. Such an implementation
prevents pixels from displaying extreme temperatures and washing out images. In some
embodiments, the blending is only performed for portions of the scene within predefined
temperature ranges (e.g., 40°-80°), or only the portions of a scene within a predefined or
predetermined FOV of the thermal detector are blended. In other embodiments, a similar
normalization procedure is performed, but an average temperature of a scene is determined (e.g.,
either an actual average temperature or an averaging of the pixel values for the output of the
thermal detector). Although the display colors are generally displayed according to the visual
color spectrum (i.e., from red to blue or violet), in some embodiments, the user is able to adjust

or modify the colors at which certain temperatures or pixel values are displayed.

[0069] In some embodiments, the thermal image is blended or combined with a night vision
system. For example, image intensification or light amplification is used to generate an image of
a dim scene. The thermal radiation detected by the thermal detector is then blended or combined
with the night vision image in a manner similar to that described above with respect to the visual
image. In some embodiments, the thermal detection device 400 is configured to be switched
between a blend or combined mode in which the thermal image is blended with the visual image

and a mode in which the thermal image is blended with the night vision image.

[0070] The control module 435 is also configured to control a false-off mode that is used as a
power conservation mode. For example, if no input devices (e.g., a button, a trigger, etc.) have
been activated for at least a first threshold period of time (e.g., 5 minutes), the control module
435 turns off the display. While the display is turned off, the thermal detection device 400
remains powered in a standby mode. If the thermal detection device 400 remains in the standby
mode for at least a second threshold period of time (e.g., 20 minutes), the thermal detection
device 400 turns off. After the thermal detection device 400 turns off, the user activates a power

button to turn the thermal detection device 400 back on. When in the standby mode, the thermal
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detection device 400 is able to be “woken up” using any of a variety of techniques. For example,
the activation of a button can be used to wake up the thermal detection device 400, an
accelerometer can be used to wake up the thermal detection device 400 (e.g., the thermal
detection device 400 is being held in an upright position), or a change in the visual screen can be

used to wake up the thermal detection device 400.

[0071] Software loaded on a computer is configured to work in conjunction with the thermal
detection device 400. For example, the software is used to manage images, analyze images, and
generate reports based on the images. The software also allows the user to select or modify
folder structures to better manage captured images. In some embodiments, the software is used
to modify the folder structure of the thermal detection device 400 to facilitate the review of
images using the thermal detection device 400 and the analysis of the images using the computer.
The software allows the user to annotate the captured images with, for example, observations or
notes, the date the image was taken, the location where the image was taken (e.g., using GPS
coordinates, customer name, temperature analysis, etc.). The software is also configured to
apply or generate templates that organize images, the analysis of the images, conclusions related
to the images, etc. into reports. The reports can be output as, for example, editable documents,

PDFs, or the like.

[0072] Thus, the invention provides, among other things, a thermal detection device that
includes a visual camera, a thermal detector, and a display. Various features and advantages of

the invention are set forth in the following claims.
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CLAIMS
What 1s claimed is:

1. A thermal imaging device comprising:

a housing including a handle portion, wherein a removable and rechargeable battery pack
is configured to be inserted into the handle portion for providing power to the thermal imaging
device;

a visual camera configured to generate a first signal related to a visual image;

an infrared sensor configured to generate a second signal related to a thermal image;

a display configured to display the visual image based on the first signal and the thermal
image based on the second signal; and

a controller electrically connected to the visual camera, the infrared sensor, the display,
and the inserted battery pack, the controller configured to control the display of the visual image
and the thermal image on the display.

2. The thermal imaging device of claim 1, further comprising a light emitting diode

(“LED”) worklight.

3. The thermal imaging device of claim 1, wherein the controller includes a memory

configured to store the visual image and the thermal image.

4. The thermal imaging device of claim 3, wherein the memory is further configured to

store a set of temperature data associated with the thermal image.

5. The thermal imaging device of claim 4, wherein the set of temperature data is appended
to the visual image, and the visual image and the thermal image are stored separately in the
memory.

6. The thermal imaging device of claim 1, wherein the battery pack has a lithium-based

chemistry.
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7. The thermal imaging device of claim 1, further comprising a user interface that includes a

plurality of switches associated with controlling the thermal imaging device.

8. The thermal imaging device of claim 7, wherein the user interface includes a button for

toggling between a visual image display mode and a thermal image display mode.

9. A method of operating a thermal imaging device, the method comprising:

inserting a removable and rechargeable battery pack into a handle portion of the thermal
imaging device;

receiving a signal from a trigger portion related to capturing an image of a scene;

monitoring an ambient temperature associated with the thermal imaging device;

storing a visual image of the scene associated with a visual camera in a memory of the
thermal imaging device;

storing a thermal image of the scene associated with an infrared sensor in the memory of
the thermal imaging device; and

selectively displaying one of the visual image and the thermal image on a display.

10.  The method of claim 9, further comprising determining a rate at which the ambient

temperature of the thermal imaging device is changing.

11.  The method of claim 10, further comprising compensating the infrared sensor based on

the rate at which the ambient temperature of the thermal imaging device is changing.
12. The method of claim 9, further comprising supplying heat to the infrared sensor to
substantially match a temperature of the infrared sensor to the ambient temperature of the

thermal imaging device.

13.  The method of claim 9, further comprising storing a set of temperature data associated

with the thermal image to the memory.

14. The method of claim 13, wherein the set of temperature data is appended to the visual
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image, and the visual image and the thermal image are stored separately in the memory.

15.  The method of claim 9, further comprising generating a feedback signal based on an

output of the infrared sensor to control a setting of the visual camera.

16. A thermal imaging device comprising:

a visual camera configured to generate a first signal related to a visual image;

an infrared sensor configured to generate a second signal related to a thermal image;

a display configured to display the visual image based on the first signal and the thermal
image based on the second signal;

a rechargeable lithium-based battery pack configured to be inserted into a handle portion
of the thermal imaging device for providing power to the thermal imaging device; and

a controller electrically connected to the visual camera, the infrared sensor, the display,
and the battery pack, the controller configured to control the display of the visual image and the
thermal image on the display, the controller including a memory configured to store the visual

image and the thermal image.

17.  The thermal imaging device of claim 16, wherein the memory is further configured to

store a set of temperature data associated with the thermal image.
18. The thermal imaging device of claim 17, wherein the set of temperature data is appended
to the visual image, and the visual image and the thermal image are stored separately in the

memory.

19.  The thermal imaging device of claim 16, further comprising a user interface that includes

a plurality of switches associated with controlling the thermal imaging device.

20.  The thermal imaging device of claim 19, wherein the user interface includes a button for

toggling between a visual image display mode and a thermal image display mode.
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