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THERMAL IMAGER THAT ANALYZES TEMPERATURE MEASUREMENT
CALCULATION ACCURACY

RELATED APPLICATIONS
This is a continuation-in-part of US patent application No. 13/164,211 filed June 20,
2011, the contents of which are incorporated herein by reference.
TECHNICAL FIELD
The present disclosure pertains to thermal imaging cameras that determine the accuracy
of a calculated temperature measurement of an object of interest and, preferably, notify a

user of the camera as to the accuracy of the calculated temperature measurement.

BACKGROUND

Handheld thermal imaging cameras, for example, including microbolometer detectors to
generate infrared images, are used in a variety of applications, which include the
inspection of buildings and industrial equipment. Many state-of-the-art thermal imaging
cameras have a relatively large amount of built-in functionality allowing a user to select
a display from among a host of display options, so that the user may maximize his ‘real
time’, or on site, corﬁprehension of the thermal information collected by the camera.

As is known, infrared cameras generally employ a lens assembly working with a
corresponding infrared focal plane array (FPA) to provide an infrared or thermal image
of a view in a particular axis. The operation of such cameras is generally as follows.
Infrared energy is accepted via infrared optics, including the lens assembly, and directed
onto the FPA of microbolometer infrared detector elements or pixels. Each pixel
responds to the heat energy received by changing its resistance value. An infrared (or
thermal) image can be formed by measuring the pixels’ resistances — via applying a
voltage to the pixels and measuring the resulting currents or applying current to the
pixels and measuring the resulting voltages. A frame of image data may, for example, be
generated by scanning all the rows and columns of the FPA. A dynamic thermal image
(i.e., a video representation) can be generated by repeatedly scanning the FPA to form
successive frames of data. Successive frames of thermal image data are generated by
repeatedly scanning the rows of the FPA; such frames are produced at a rate sufficient to
generate a video representation of the thermal image data.

Often, the user of the camera needs to know his distance from an object of interest. This

is sometimes necessitated by safety concerns when a user is inspecting, for example,
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electrical or other potentially hazardous equipment and the user is required to be a certain
distance from the equipment. Likewise, sometimes the distance from an object of
interest to the user also can affect performance accuracy capabilities of a thermal imager

being used for inspection work.

SUMMARY
According to an aspect of the invention, there is provided a method of determining
whether an object of interest can have its temperature measurement accurately calculated
by a thermal imaging camera comprising:

a) displaying a measurement IFOV of the camera on a display of the camera
as a graphical box; |

b) registering the graphical box with the object of interest on the display;
and

c) determining whether the thermal image of the object of interest fills the
graphical box thereby indicating a reliable temperature of the object of interest can be

made.

According to another aspect of the invention, there is provided a method of
determining whether an object of interest can have its temperature measurement

accurately calculated by a thermal imaging camera comprising:

a) determining a distance between the camera and the object of interest;
b) calculating a measurement IFOV in linear units; and
c) displaying the calculated measurement IFOV in linear units on the

display of the camera to be viewable by a user of the camera.

According to an aspect of the invention, there is provided a computer program product,
comprising a computer usable medium having a computer readable program code
embodied therein, said computer readable program code adapted to be executed to
implement a method for determining whether an object of interest can have its
temperature measurement accurately calculated by a thermal imaging camera, said
method comprising:

a) displaying a measurement [FOV on a display of the camera as a graphical

box; and
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b) registering the graphical box with the image of the object of interest on

the display.

According to an aspect of the invention, there is provided a method of determining
whether an object of interest can have its temperature measurement accurately calculated
by a thermal imaging camera comprising:

a) generating temperature data of an object of interest in the form of a pixel
matrix comprised of multiple pixels; and

b) performing a statistical analysis on the data generated by the pixel matrix

to determine uniformity of the data generated by the pixel matrix.

The details of one or more examples are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages will be apparent from the

description and drawings, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

The following drawings are illustrative of particular embodiments of the invention and
therefore do not limit the scope of the invention. The drawings are not necessarily to
scale (unless so stated) and are intended for use in conjunction with the explanations in
the following detailed description. Embodiments of the invention will hereinafter be
described in conjunction with the appended drawings, wherein like numerals denote like
elements.

Figure 1 is a schematic diagram of an infrared camera according to some embodiments
of the present invention.

Figure 2 is a front perspective view of an infrared camera according to some
embodiments of the present invention.

Figure 3 is a back perspective view of an infrared camera according to some
embodiments of the present invention.

FIG. 4 is a functional block diagram illustrating components of another example of
thermal imaging camera 100.

Figure 5 is a schematic illustration of measuring the distance between the camera and an
object of interest.

Figure 6 is a schematic illustration of determining horizontal field of view in linear units.
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Figure 7 is a schematic of illustration of determining vertical field of view in linear units.
Figure 8 is a schematic illustration of determining horizontal spatial instantaneous field
of view in linear units.

Figure 9 is a schematic illustration of determining vertical spatial instantaneous field of
view in linear units.

Figure 10 is a display shot of an infrared or thermal image showing a measurement
target.

Figure 11 is another display shot of an infrared or thermal image showing a different
measurement target.

Figure 12 is a marked-up display shot of an infrared or thermal image showing multiple
measurement targets.

Figure 13 is an illustration of a 3x3 pixel matrix in a state where an accurate temperature
measurement can be made.

Figure 14 is an illustration of the 3x3 pixel matrix in a state where an accurate
temperature measurement cannot be made.

Figure 15 and 16 are illustrations of the 3x3 pixel matrix in a state where an accurate
measurement cannot be made.

Figure 17 is a flow chart of a method of determining whether an object of interest can
have its temperature measurement accurately calculated by a thermal imaging camera
according to an embodiment of the invention.

Figure 18 is a flow chart of a method of determining whether an object of interest can
have its temperature measurement accurately calculated by a thermal imaging camera
according to an embodimen;c of the invention.

Figure 19 is a flow chart of a method of determining whether an object of interest can
have its temperature measurement accurately calculated by a thermal imaging camera

according to an embodiment of the invention.
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DETAILED DESCRIPTION

The following detailed description is exemplary in nature and is not intended to limit the
scope, applicability, or configuration of the invention in any way. Rather, the following
description provides practical illustrations for implementing exemplary embodiments of
the invention. Like numbers in multiple drawing figures denote like elements.
Examples of constructions, materials, dimensions, and manufacturing processes are
provided for selected elements, and all other elements employ that which is known to
those of ordinary skill in the field of the invention. Those skilled in the art will
recognize that many of the noted examples have a variety of suitable alternatives.

A thermal imaging camera may be used to detect heat patterns across a scene under
observation. The thermal imaging camera may detect infrared radiation given off by the
scene and convert the infrared radiation into an infrared image indicative of the heat
patterns. In some examples, the thermal imaging camera may also capture visible light
from the scene and convert the visible light into a visible light image. Depending on the
configuration of the thermal imaging camera, the camera may include infrared optics to
focus the infrared radiation on an infrared sensor and visible light optics to focus the
visible light on a visible light sensor. '

Figure 1 provides a schematic diagram of an IR camera 100 according to certain
embodiments of the present invention. Camera 100 includes camera housing 102 that
holds several components including an IR lens assembly 104 and an infrared sensor 106,
such as a focal plane array (FPA) of microbolometers. The housing 102 includes a
display 108 and a user interface 110. The display 108 is used for displaying infrared or
thermal image data and other information to the user. The user interface 110 contains
various controls with which the user may control and operate the camera 100. The
housing 102 also holds an electronic system that controls camera operation and
communicates, as shown by the dotted lines, with several of the camera 100 components.
The lens assembly 104 includes an IR lens 112 for receiving a cone of IR energy from a
target scene.

In operation, the camera 100 receives image information in the form of infrared energy
through the lens 112, and in turn, the lens 112 directs the infrared energy onto the FPA
106. The combined functioning of the lens 112 and FPA 106 enables further electronics
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within the camera 100 to create an image based on the image view captured by the lens
112, as described below.

The FPA 106 can include a plurality of infrared detector elements (not shown), e.g.,
including bolometers, photon detectors, or other suitable infrared detectors well known
in the art, arranged in a grid pattern (e.g., an array of detector elements arranged in
horizontal rows and vertical columns). The size of the array can be provided as desired
and appropriate given the desire or need to limit the size of the distal housing to provide
access to tight or enclosed areas. For example, many commercial thermal imagers have
arrays of 640 x 480, 384 x 288, 320 x 240, 280 x 210, 240 x 180 and 160 x 120 detector
elements, but the invention should not be limited to such. Also, some arrays may be 120
x 120, 80 x 80 or 60 x 60 detector elements, for example. In the future, other sensor
arrays of higher pixel count will be more commonplace, such as 1280 x 720, for
example. Some embodiments of the invention will be described using a 3x3 pixel
matrix. In some embodiments involving bolometers as the infrared detector elements,
each detector element is adapted to absorb heat energy from the scene of interest
(focused upon by the lens 112) in the form of infrared radiation, resulting in a
corresponding change in its temperature, which results in a corresponding change in its
resistance. With each detector element functioning as a pixel, a two-dimensional image
or picture representation of the infrared radiation can be further generated by translating
the changes in resistance of each detector element into a time-multiplexed electrical
signal that can be processed for visualization on a display or storage in memory (e.g., of
a computer). Further front end circuitry 113 downstream from the FPA 106, as is
described below, is used to perform this translation. Incorporated on the FPA 106 is a
Read Out Integrated Circﬁit (ROIC), which is used to output signals corresponding to
each of the pixels. Such ROIC is commonly fabricated as an integrated circuit on a
silicon substrate. The plurality of detector elements may be fabricated on top of the
ROIC, wherein their combination provides for the FPA 106. In some embodiments, the
ROIC can include components discussed elsewhere in this disclosure (e.g. an analog-to-
digital converter (ADC)) incorporated directly onto the FPA circuitry. Such integration
of the ROIC, or other further levels of integration not explicitly discussed, should be
considered within the scope of this disclosure.

As described above, the FPA 106 generates a series of electrical signals corresponding to

the infrared radiation received by each infrared detector element to represent a thermal
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image. A “frame” of thermal image data is generated when the voltage signal from each
infrared detector element is obtained by scanning all of the rows that make up the FPA
106. Again, in certain embodiments involving bolometers as the infrared detector
elements, such scanning is done by switching a corresponding detector element into the
system circuit and applying a bias voltage across such switched-in element. Successive
frames of thermal image data are generated by repeatedly scanning the rows of the FPA
106, with such frames being produced at a rate sufficient to generate a video
representation (e.g. 30 Hz, or 60 Hz) of the thermal image data.

In some embodiments, the camera 100 can further include a shutter 114 mounted within
the camera housing 102. A shutter 114 is typically located internally relative to the lens
112 and operates to open or close the view provided by the lens 112. In the shutter open

position 116, the shutter 114 permits IR radiation collected by the lens to pass to the FPA

- 106. In the closed position 114, the shutter blocks IR radiation collected by the lens

from péssing to the FPA 106. As is known in the art, the shutter 114 can be
mechanically positionable, or can be actuated by an electro-mechanical device such as a
DC motor or solenoid. Embodiments of the invention may include a calibration or setup
software implemented method or setting which utilize the shutter 114 to establish
appropriate bias (e.g. see discussion below) levels for each detector element.

The camera may include other circuifry (front end circuitry) for interfacing with and
controlling the optical components. In addition, front end circuitry 113 initially
processes and transmits collected infrared image data to the processor 118. More
specifically, the signals generated by the FPA 106 are initially conditioned by the front
end circuitry 113 of the camera 100. In certain embodiments, as shown, the front end
circuitry 113 includes a bias generator and a pre-amp/integrator. In addition to providing
the detector bias, the bias generator can optionally add or subtract an average bias current
from the total current generated for each switched-in detector element. The average bias
current can be changed in order (i) to compensate for deviations to the entire array of
resistances of the detector elements resulting from changes in ambient temperatures
inside the camera 100 and (ii) to compensate for array-to-array variations in the average
detector elements of the FPA 106. Such bias compensation can be automatically
controlled by the camera 100 via processor 118. Following provision of the detector bias
and optional subtraction or addition of the average bias current, the signals can be passed

through a pre-amp/integrator. Typically, the pre-amp/integrator is used to condition
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incoming signals, e.g., prior to their digitization. As a result, the incoming signals can be
adjusted to a form that enables more effective interpretation of the signals, and in turn,
can lead to more effective resolution of the created image. Subsequently, the
conditioned signals are sent downstream into the processor 118 of the camera 100.

In some embodiments, the front end circuitry can include one or more additional
elements for example, additional sensors or an ADC. Additional sensors can include, for
example, temperature sensors 107, visual light sensors (such as a CCD), pressure
sensors, magnetic sensors, etc. Such sensors can provide additional calibration and
detection information to enhance the functionality of the camera 100. For example,
temperature sensors can provide an ambient temperature reading near the FPA 106 to
assist in radiometry calculations. A magnetic sensor, such as a Hall effect sensor, can be
used in combination with a magnet mounted on the lens to provide lens focus position
information. Such information can be useful for calculating distances, or determining a
parallax offset for use with visual light scene data gathered from a visual light sensor.
Generally, the processor 118, can include one or more of a field-programmable gate
array (FPGA), a complex programmable logic device (CPLD) controller and a computer
processing unit (CPU) or digital signal processor (DSP). These elements manipulate the
conditioned scene image data delivered from the front end circuitry in order to provide
output scene data that can be displayed or stored for use by the user. Subsequently, the
processor 118 circuitry sends the processed data to the display 108, internal storage, or
other output devices.

In addition to providing needed processing for infrared imagery, such as non-uniformity
correction which is well known by those of ordinary skill in the art. In some
embodiments, front end components can further include a shutter 114. A shutter 112 can
be externally or internally located relative to the lens 114 and operate to open or close the
view provided by the IR lens assembly 104. As is known in the art, the shutter 114 can
be mechanically positionable, or can be actuated by an electro-mechanical device such as
a DC motor or solenoid. Embodiments of the invention may include a calibration or
setup software implemented method or setting which utilize the shutter 114 to establish
appropriate bias levels for each detector element. Individual pixels within an infrared
local plane array (FPA) have unique response characteristics. Left uncorrected, these
unique response characteristics can distort the resulting infrared measurements.

Correction for these non-uniformities is found in most conventional infrared cameras
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because it leads to improved imaging capabilities. Shutters, such as shutter 114, are
employed in certain embodiments to perform non-uniformity correction in a known
manner. The proéessor circuitry can be employed for a wide variety of additional
functions. For example, in some embodiments, the processor 118 can perform
temperature calculation/conversion (radiometry), combine scene information with data
and/or imagery from other sensors, or compress and translate the image data.
Additionally, in some embodiments, the processor 118 can interpret and execute
commands from the user interface 110. This can involve processing of various input
signals and transferring those signals where other camera components can be actuated to
accomplish the desired control function. Exemplary control functions can include
adjusting the focus, opening/closing the shutter, triggering sensor readings, adjusting bias
values, etc. Moreover, input signals may be used to alter the processing of the image
data that occurs at the processor 118.

The processor 118 circuitry can further include other components to assist with the
processing and control of the camera 100. For example, as discussed above, in some
embodiments, an ADC can be incorporated into the processor 118. In such a case,
analog signals conditioned by the front-end circuitry 113 are not digitized until reaching
the processor 118. Moreover, some embodiments can include additional on board
memory for storage of processing command information and scene data, prior to
transmission to the display 108.

The camera 100 may include a user interface 110 that has one or more controls for
controlling device functionality. For example, the camera 100 may include a knob or
buttons installed in the handle for adjusting the focus or triggering the shutter.

Camera 100 may also contain a visible light (VL) camera module. The placement of the
VL camera optics and IR camera optics is such that the visible and infrared optical axes
are offset and roughly parallel to each other, thereby resulting in parallax error.

The parallax error may be corrected manually or electronically. For example, U.S. Pat.
No. 7,538,326 entitled “Visible Light and IR Combined Image Camera with a Laser
Pointer,” is incorporated herein in its entirety, discloses a parallax error correction
architecture and methodology. This provides the capability to electronically correct the
IR and VL images for parallax. In some embodiments, thermal instrument 100 includes

the ability to determine the distance to target and contains electronics that correct the
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parallax error caused by the parallel optical paths using the distance to target
information.

For instance, camera 100 may include a distance sensor 120 that can be used to
electronically measure the distance to target. Several different types of distances sensors
may be used, such as laser diodes, infrared emitters and detectors, ultrasonic emitters and
detectors, for example. The output of the distance sensor 120 may be fed to the
processor 118 for use by the processor 118.

Typical infrared lenses have a low F-number, resulting in a shallow depth of field.
Accordingly, as noted above in the 326 patent incorporated by reference, the camera can
sense the lens position in order to determine the distance to target.

FIGS. 2 and 3 show front and back perspective views, respectively of an example
thermal imaging camera 100, which includes a housing 102, an infrared lens assembly
104, a visible light lens assembly 106, a display 108, a laser 110, and a trigger control

112. Housing 102 houses the various components of thermal imaging camera 100. The

bottom portion of thermal imaging camera 100 includes a carrying handle for holding

and operating the camera via one hand. Infrared lens assembly 104 receives infrared
radiation from a scene and focuses the radiation on an infrared sensor for generating an
infrared image of a scene. Visible light lens assembly 106 receives visible light from a
scene and focuses the visible light on a visible light sensor for generating a visible light
image of the same scene. Thermal imaging camera 100 captures the visible light image
and/or the infrared image in response to depressing trigger control 112. In addition,
thermal imaging camera 100 controls display 108 to display the infrared image and the
visible light image generated by the camera, e.g., to help an operator thermally inspect a
scene. Thermal imaging camera 100 may also include a focus mechanism coupled to
infrared lens assembly 104 that is configured to move at least one lens of the infrared
lens assembly so as to adjust the focus of an infrared image generated by the thermal
imaging camera.

In operation, thermal imaging camera 100 detects heat patterns in a scene by receiving
energy emitted in the infrared-wavelength spectrum from the scene and processing the
infrared energy to generate a thermal image. Thermal imaging camera 100 may also
generate a visible light image of the same scene by receiving energy in the visible light-
wavelength spectrum and processing the visible light energy to generate a visible light

image. As described in greater detail below, thermal imaging camera 100 may include

10
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an infrared camera module that is configured to capture an infrared image of the scene
and a visible light camera module that is configured to capture a visible light image of
the same scene. The infrared camera module may receive infrared radiation projected
through infrared lens assembly 104 and generate therefrom infrared image data. The
visible light camera module may receive light projected through visible light lens
assembly 106 and generate therefrom visible light data.

In some examples, thermal imaging camera 100 collects or captures the infrared energy
and visible light energy substantially simultaneously (e.g., at the same timé) so that the
visible light image and the infrared image generated by the camera are of the same scene
at substantially the same time. In these examples, the infrared image generated by
thermal imaging camera 100 is indicative of localized temperatures within the scene at a
particular period of time while the visible light image generated by the camera is
indicative of the same scene at the same period of time. In other examples, thermal
imaging camera may capture infrared energy and visible light energy from a scene at
different periods of time.

Visible light lens assembly 106 includes at least one lens that focuses visible light energy
on a visible light sensor for generating a visible light image. Visible light lens assembly
106 defines a visible light optical axis which passes through the center of curvature of
the at least one lens of the assembly. Visible light energy projects through a front of the
lens and focuses on an opposite side of the lens. Visible light lens assembly 106 can
include a single lens or a plurality of lenses (e.g., two, three, or more lenses) arranged in
series. In addition, visible light lens assembly 106 can have a fixed focus or can include
a focus adjustment mechanism for changing the focus of the visible light optics. In
examples in which visible light lens assembly 106 includes a focus adjustment
mechanism, the focus adjustment mechanism may be a manual adjustment mechanism or
an automatic adjustment mechanism.

Infrared lens assembly 104 also includes at least one lens that focuses infrared energy on
an infrared sensor for generating a thermal image. Infrared lens assembly 104 defines an
infrared optical axis which passes through the center of curvature of lens of the
assembly. During operation, infrared energy is directed through the front of the lens and
focused on an opposite side of the lens. Infrared lens assembly 104 can include a single
lens or a plurality of lenses (e.g., two, three, or more lenses), which may be arranged in

series.

11
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As briefly described above, thermal imaging camera 100 includes a focus mechanism for
adjusting the focus of an infrared image captured by the camera. In the example shown
in FIGS. 2 and 3, thermal imaging camera 100 includes focus ring 114. Focus ring 114
is operatively coupled (e.g., mechanically and/or electrically coupled) to at least one lens
of infrared lens assembly 104 and configured to move the at least one lens to various
focus positions so as to focus the infrared image captured by thermal imaging camera
100. Focus ring 114 may be manually rotated about at least a portion of housing 102 so
as to move the at least one lens to which the focus ring is operatively coupled. In some
examples, focus ring 114 is also operatively coupled to display 108 such that rotation of
focus ring 114 causes at least a portion of a visible light image and at least a portion of
an infrared image concurrently displayed on display 108 to move relative to one another.
In different examples, thermal imaging camera 100 may include a manual focus
adjustment mechanism that is implemented in a configuration other than focus ring 114.
In some examples, thermal imaging camera 100 may include an automatically adjusting
focus mechanism in addition to or in lieu of a manually adjusting focus mechanism. An
automatically adjusting focus mechanism may be operatively coupled to at least one lens
of infrared lens assembly 104 and configured to automatically move the at least one lens
to various focus positions, e.g., in response to instructions from thermal imaging camera
100. In one application of such an example, thermal imaging camera 100 may use laser
110 to electronically measure a distance between an object in a target scene and the
camera, referred to as the distance-to-target. Thermal imaging camera 100 may then
control the automatically adjusting focus mechanism to move the at least one lens of
infrared lens assembly 104 to a focus position that corresponds to the distance-to-target
data determined by thermal imaging camera 100. The focus position may correspond to
the distance-to-target data in that the focus position may be configured to place the object
in the target scene at the determined distance in focus. In some examples, the focus
position set by the automatically adjusting focus mechanism may be manually
overridden by an operator, e.g., by rotating focus ring 114.

Data of the distance-to-target, as measured by the laser 110, can be stored and associated
with the corresponding captured image. For images which are captured using automatic
focus, this data will be gathered as part of the focusing process. In some embodiments,
the thermal imaging camera will also detect and save the distance-to-target data when an

image is captured. This data may be obtained by the thermal imaging camera when the

12
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image is captured by using the laser 110 or, alternatively, by detecting the lens position
and correlating the lens position to a known distance-to-target associated with that lens
position. The distance-to-target data may be used by the thermal imaging camera 100 to
direct the user to position the camera at the same distance from the target, such as by
directing a user to move closer or further from the target based on laser measurements
taken as the user repositions the camera, until the same distance-to-target is achieved as
in an earlier image. The thermal imaging camera may further automatically set the
lenses to the same positions as used in the earlier image, or may direct the user to
reposition the lenses until the original lens settings are obtained.

During operation of thermal imaging camera 100, an operator may wish to view a
thermal image of a scene and/or a visible light image of the same scene generated by the
camera. For this reason, thermal imaging camera 100 may include a display. In the
examples of FIGS. 2 and 3, thermal imaging camera 100 includes display 108, which is
located on the back of housing 102 opposite infrared lens assembly 104 and visible light
lens assembly 106. Display 108 may be configured to display a visible light image, an
infrared image, and/or a combined image that is a simultaneous display of the visible
light image and the infrared image. In different examples, display 108 may be remote
(e.g., separate) from infrared lens assembly 104 and visible light lens assembly 106 of
thermal imaging camera 100, or display 108 may be in a different spatial arrangement
relative to infrared lens assembly 104 and/or visible light lens assembly 106. Therefore,
although display 108 is shown behind infrared lens assembly 104 and visible light lens
assembly 106 in FIG. 3, other locations for display 108 are possible.

Thermal imaging camera 100 can include a variety of user input media for controlling
the operation of the camera and adjusting different settings of the camera. Example
control functions may include adjusting the focus of the infrared and/or visible light
optics, opening/closing a shutter, capturing an infrared and/or visible light image, or the
like. In the example of FIGS. 2 and 3, thermal imaging camera 100 includes a
depressible trigger control 112 for capturing an infrared and visible lighf image, and
buttons 116, which form part of the user interface, for controlling other aspects of the
operation of the camera. A different number or arrangement of user input media are
possible, and it should be appreciated that the disclosure is not limited in this respect.
For example, thermal imaging camera 100 may include a touch screen display 108 which

receives user input by depressing different portions of the screen.
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FIG. 4 is a functional block diagram illustrating components of another example of
thermal imaging camera 100. Thermal imaging camera 100 includes an IR camera
module 200, front end circuitry 202. The IR camera module 200 and front end circuitry
202 are sometimes referred to in combination as front end stage or front end components
204 of the infrared camera 100. Thermal imaging camera 100 may also include a visible
light camera module 206, a display 108, a user interface 208, and an output / control
device 210.

Infrared camera module 200 may be configured to receive infrared energy emitted by a
target scene and to focus the infrared energy on an infrared sensor for generation of
infrared energy data, e.g., that can be displayed in the form of an infrared image on
display 108 and/or stored in memory. Infrared camera module 200 can include any
suitable components for performing the functions attributed to the module herein. In the
example of FIG. 3, infrared camera module 200 is illustrated as including infrared lens
assembly 104 and infrared sensor 220. As described above with respect to FIGS. 2 and
3, infrared lens assembly 104 includes at least one lens that takes infrared energy emitted
by a target scene and focuses the infrared energy on infrared sensor 220. Infrared sensor
220 responds to the focused infrared energy by generating an electrical signal that can be
converted and displayed as an infrared image on display 108.

Infrared lens assembly 104 can have a variety of different configurations. In some
examples, infrared lens assembly 104 defines a F-number (which may also be referred to
as a focal ratio or F-stop) of a specific magnitude. A F-number may be determined by
dividing the focal length of a lens (e.g., an outermost lens of infrared lens assembly 104)
by a diameter of an entrance to the lens, which may be indicative of the amount of
infrared radiation entering the lens. In general, increasing the F-number of infrared lens
assembly 104 may increase the depth-of-field, or distance between nearest and farthest
objects in a target scene that are in acceptable focus, of the lens assembly. An increased
depth of field may help achieve acceptable focus when viewing different objects in a
target scene with the infrared optics of thermal imaging camera 100 set at a hyperfocal
position. If the F-number of infrared lens assembly 104 is increased too much, however,
the spatial resolution (e.g., clarity) may decrease such that a target scene is not in |
acceptable focus. |

Infrared sensor 220 may include one or more focal plane arrays (FPA) that generate

electrical signals in response to infrared energy received through infrared lens assembly
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104. Each FPA can include a plurality of infrared sensor elements including, e.g.,
bolometers, photon detectors, or other suitable infrared sensor elements. In operation,
each sensor element, which may each be referred to as a sensor pixel, may change an
electrical characteristic (e.g., voltage or resistance) in response to absorbing infrared
energy received from a target scene. In turn, the change in electrical characteristic can
provide an electrical signal that can be received by a processor 222 and processed into an
infrared image displayed on display 108.

For instance, in examples in which infrared sensor 220 includes a plurality of
bolometers, each bolometer may absorb infrared energy focused through infrared lens
assembly 104 and increase in temperature in response to the absorbed energy. The
electrical resistance of each bolometer may change as the temperature of the bolometer
changes. With each detector element functioning as a pixel, a two-dimensional image or
picture representation of the infrared radiation can be further generated by translating the
changes in resistance of each detector element into a time-multiplexed electrical signal
that can be processed for visualization on a display or storage in memory (e.g., of a
computer). Processor 222 may measure the change in resistance of each bolometer by
applying a current (or voltage) to each bolometer and measure the resulﬁng voltage (or
current) across the bolometer. Based on these data, processor 222 can determine the
amount of infrared energy emitted by different portions of a target scene and control
display 108 to display a thermal image of the target scene.

Independent of the specific type of infrared sensor elements included in the FPA of
infrared sensor 220, the FPA array can define any suitable size and shape. In some
examples, infrared sensor 220 includes a plurality of infrared sensor elements arranged in
a grid pattern such as, e.g., an array of sensor elements arranged in vertical columns and
horizontal rows. In various examples, infrared sensor 220 may include an array of
vertical.columns by horizontal rows of, e.g., 16 x 16, 50 x 50, 160 x 120, 120 x 160, or
640 x 480. In other examples, infrared sensor 220 may include a smaller number of
vertical columns and horizontal rows (e.g., 1 x 1), a larger number vertical columns and
horizontal rows (e.g., 1000 x 1000), or a different ratio of columns to rows.

In certain embodiments a Read Out Integrated Circuit (ROIC) is incorporated on the IR
sensor 220. The ROIC is used to output signals corresponding to each of the pixels.
Such ROIC is commonly fabricated as an integrated circuit on a silicon substrate. The

plurality of detector elements may be fabricated on top of the ROIC, wherein their
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combination provides for the IR sensor 220. In some embodiments, the ROIC can
include components discussed elsewhere in this disclosure (e.g. an analog-to-digital
converter (ADC)) incorporated directly onto the FPA circuitry. Such integration of the
ROIC, or other further levels of integration not explicitly discussed, should be

considered within the scope of this disclosure.

As described above, the IR sensor 220 generates a series of electrical signals
corresponding to the infrared radiation received by each infrared detector element to
represent a thermal image. A “frame” of thermal image data is generated when the
voltage signal from each infrared detector element is obtained by scanning all of the rows
that make up the IR sensor 220. Again, in certain embodiments involving bolometers as
the infrared detector elements, such scanning is done by switching a corresponding
detector element into the system circuit and applying a bias voltage across such
switched-in element. Successive frames of thermal image data are generated by
repeatedly scanning the rows of the IR sensor 220, with such frames being produced at a
rate sufficient to generate a video representation (e.g. 30 Hz, or 60 Hz) of the thermal
image data.

The front end circuitry 202 includes circuitry for interfacing with and controlling the IR
camera module 200. In addition, the front end circuitry 202 initially processes and
transmits collected infrared image data to a processor 222 via a connection therebetween.
More specifically, the signals generated by the IR sensor 220 are initially conditioned by
the front end circuitry 202 of the thermal imaging camera 100. In certain embodiments,
as shown, the front end circuitry 202 includes a bias generator 224 and a pre-
amp/integrator 226. In addition to providing the detector bias, the bias generator 224 can
optionally add or subtract an average bias current from the total current generated for
each switched-in detector element. The average bias current can be changed in order (i)
to compensate for deviations to the entire array of resistances of the detector elements
resulting from changes in ambient temperatures inside the thermal imaging camera 100
and (ii) to compensate for array-to-array variations in the average detector elements of
the IR sensor 220. Such bias compensation can be automatically controlled by the
thermal imaging camera 100 or software, or can be user controlled via input to the
output/control device 210 or processor 222. Following provision of the detector bias and
optional subtraction or addition of the average bias current, the signals can be passed

through a pre-amp/integrator 226. Typically, the pre-amp/integrator 226 is used to
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condition incoming signals, e.g., prior to their digitization. As a result, the incoming
signals can be adjusted to a form that enables more effective interpretation of the signals,
and in turn, can lead to more effective resolution of the created image. Subsequently, the
conditioned signals are sent downstream into the processor 222 of the thermal imaging
camera 100.

In some embodiments, the front end circuitry 202 can include one or more additional
elements for example, additional sensors 228 or an ADC 230. Additional sensors 228
can include, for example, temperature sensors, visual light sensors (such as a CCD),
pressure sensors, magnetic sensors, etc. Such sensors can provide additional calibration
and detection information to enhance the functionality of the thermal imaging camera
100. For example, temperature sensors can provide an ambient temperature reading near
the IR sensor 220 to assist in radiometry calculations. A magnetic sensor, such as a Hall
effect sensor, can be used in combination with a magnet mounted on the lens to provide
lens focus position information. Such information can be useful for calculating
distances, or determining a parallax offset for use with visual light scene data gathered
from a visual light sensor.

An ADC 230 can provide the same function and operate in substantially the same
manner as discussed below, however its inclusion in the front end circuitry 202 may
provide certain benefits, for example, digitization of scene and other sensor information
prior to transmittal to the processor 222 via the connection therebetween. In some
embodiments, the ADC 230 can be integrated into the ROIC, as discussed above, thereby
eliminating the need for a separately mounted and installed ADC 230.

In some embodiments, front end components can further include a shutter 240. A shutter
240 can be externally or internally located relative to the lens 104 and operate to open or
close the view provided by the IR lens assembly 104. As is known in the art, the shutter
240 can be mechanically positionable, or can be actuated by an electro-mechanical
device such as a DC motor or solenoid. Embodiments of the invention may include a
calibration or setup software implemented method or setting which utilize the shutter 240
to establish appropriate bias levels for each detector element.

Components described as processors within thermal imaging camera 100, including
processor 222, may be implemented as one or more processors, such as one or more
microprocessors, digital signal processors (DSPs), application specific integrated circuits

(ASICs), field programmable gate arrays (FPGAs), programmable logic circuitry, or the
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like, either alone or in any suitable combination. Processor 222 may also include
memory that stores program instructions and related data that, when executed by
processor 222, cause thermal imaging camera 100 and processor 222 to perform the
functions attributed to them in this disclosure. Memory may include any fixed or
removable magnetic, optical, or electrical media, such as RAM, ROM, CD-ROM, hard
or floppy magnetic disks, EEPROM, or the like. Memory may also include a removable
memory portion that may be used to provide memory updates or increases in memory
capacities. A removable memory may also allow image data to be easily transferred to
another computing device, or to be removed before thermal imaging camera 100 is used
in another application. Processor 222 may also be implemented as a System on Chip that
integrates all components of a computer or other electronic system into a single chip.
These elements manipulate the conditioned scene image data delivered from the front
end stages 204 in order to provide output scene data that can be displayed or stored for
use by the user. Subsequently, the processor 222 (processing circuitry) sends the
processed data to a display 108 or other output/control device 210.

During operation of thermal imaging camera 100, processor 222 can control infrared
camera module 200 to generate infrared image data for creating an infrared image.
Processor 222 can generate a digital “frame” of infrared image data. By generating a
frame of infrared image data, processor 222 captures an infrared image of a target scene
at a given point in time.

Processor 222 can capture a single infrared image or “snap shot” of a target scene by
measuring the electrical signal of each infrared sensor element included in the FPA of
infrared sensor 220 a single time. Alternatively, processor 222 can capture a plurality of
infrared images of a target scene by repeatedly measuring the electrical signal of each
infrared sensor element included in the FPA of infrared sensor 220. In examples in
which processor 222 repeatedly measures the electrical signal of each infrared sensor
element included in the FPA of infrared sensor 220, processor 222 may generate a
dynamic thermal image (e.g., a video representation) of a target scene. For example,
processor 222 may measure the electrical signal of each infrared sensor element included
in the FPA at a rate sufficient to generate a video representation of thermal image data
such as, e.g., 30 Hz or 60 Hz. Processor 222 may perform other operations in capturing
an infrared image such as sequentially actuating a shutter 240 to open and close an

aperture of infrared lens assembly 104, or the like.
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With each sensor element of infrared sensor 220 functioning as a sensor pixel, processor
222 can generate a two-dimensional image or picture representation of the infrared
radiation from a target scene by translating changes in an electrical characteristic (e.g.,
resistance) of each sensor element into a time-multiplexed electrical signal that can be
processed, e.g., for visualization on display 108 and/or storage in memory. Processor
222 may perform computations to convert raw infrared image data into scene
temperatures (radiometry) including, in some examples, colors corresponding to the
scene temperatures.

Processor 222 may control display 108 to display at least a portion of an infrared image
of a captured target scene. In some examples, processor 222 controls display 108 so that
the electrical response of each sensor element of infrared sensor 220 is associated with a
single pixel on display 108. In other examples, processor 222 may increase or decrease
the resolution of an infrared image so that there are more or fewer pixels displayed on
display 108 than there are sensor elements in infrared sensor 220. Processor 222 may
control display 108 to display an entire infrared image (e.g., all portions of a target scene
captured by thermal imaging camera 100) or less than an entire infrared image (e.g., a
lesser port of the entire target scene captured by thermal imaging camera 100).
Processor 222 may perform other image processing functions, as described in greater
detail below.

Independent of the specific circuitry, thermal imaging camera 100 may be configured to
manipulate data representative of a target scene so as to provide an output that can be
displayed, stored, transmitted, or otherwise utilized by a user.

Thermal imaging camera 100 includes visible light camera module 206. Visible light
camera module 206 may be configured to receive visible light energy from a target scene
and to focus the visible light energy on a visible light sensor for generation of visible
light energy data, e.g., that can be displayed in the form of a visible light image on
display 108 and/or stored in memory. Visible light camera module 206 can include any
suitable components for performing the functions attributed to the module herein. In the
example of FIG. 4, visible light camera module 206 is illustrated as including visible
light lens assembly 106 and visible light sensor 242. As described above with respect to
FIGS. 2 and 3, visible light lens assembly 106 includes at least one lens that takes visible
light energy emitted by a target scene and focuses the visible light energy on visible light

sensor 242. Visible light sensor 242 responds to the focused energy by generating an
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electrical signal that can be converted and displayed as a visible light image on display
108.

Visible light sensor 242 may include a plurality of visible light sensor elements such as,
e.g., CMOS detectors, CCD detectors, PIN diodes, avalanche photo diodes, or the like.
The number of visible light sensor elements may be the same as or different than the
number of infrared light sensor elements.

In operation, optical ehergy received from a target scene may pass through visible light
lens assembly 106 and be focused on visible light sensor 242. When the optical energy
impinges upon the visible light sensor elements of visible light sensor 242, photons
within the photodetectors may be released and converted into a detection current.
Processor 222 can process this detection current to form a visible light image of the
target scene.

During use of thermal imaging camera 100, processor 222 can control visible light
camera module 206 to generate visible light data from a captured target scene for
creating a visible light image. The visible light data may include luminosity data
indicative of the color(s) associated with different portions of the captured target scene
and/or the magnitude of light associated with different portions of the captured target
scene. Processor 222 can generate a “frame” of visible light image data by measuring
the response of each visible light sensor element of thermal imaging camera 100 a single
time. By generating a frame of visible light data, processor 222 captures visible light
image of a target scene at a given point in time. Processor 222 may also repeatedly
measure the response of each visible light sensor element of thermal imaging camera 100
so as to generate a dynamic thermal image (e.g., a video representation) of a target scene,
as described above with respect to infrared camera module 200.

With each sensor element of visible light camera module 206 functioning as a sensor
pixel, processor 222 can generate a two-dimensional image or picture representation of
the visible light from a target scene by translating an electrical response of each sensor
clement into a time-multiplexed electrical signal that can be processed, e.g., for
visualization on display 108 and/or storage in memory.

Processor 222 may control display 108 to display at least a portion of a visible light
image of a captured target scene. In some examples, processor 222 controls display 108
so that the electrical response of each sensor element of visible light camera module 206

is associated with a single pixel on display 108. In other examples, processor 222 may
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increase or decrease the resolution of a visible light image so that there are more or fewer
pixels displayed on display 108 than there are sensor elements in visible light camera
module 206. Processor 222 may control display 108 to display an entire visible light
image (e.g., all portions of a target scene captured by thermal imaging camera 100) or
less than an entire visible light image (e.g., a lesser port of the entire target scene
captured by thermal imaging camera 100).

[80]  Asnoted above, processor 222 may be configured to determine a distance between
thermal imaging camera 100 and an object in a target scene captured by a visible light
image and/or infrared image generated by the camera. Processor 222 may determine the
distance based on a focus position of the infrared optics associated with the camera. For
example, processor 222 may detect a position (e.g., a physical position) of a focus
mechanism associated with the infrared optics of the camera (e.g., a focus position
associated with the infrared optics) and determine a distance-to-target value associated
with the position. Processor 222 may then reference data stored in memory that
associates different positions with different distance-to-target values to determine a
specific distance between thermal imaging camera 100 and the object in the target scene.

[81] In these and other examples, processor 222 may control display 108 to concurrently
display at least a portion of the visible light image captured by thermal imaging camera
100 and at least a portion of the infrared image captured by thermal imaging camera 100.
Such a concurrent display may be useful in that an operator may reference the features
displayed in the visible light image to help understand the features concurrently
displayed in the infrared image, as the operator may more easily recognize and
distinguish different real-world features in the visible light image than the infrared
image. In various examples, processor 222 may control display 108 to display the
visible light image and the infrared image in side-by-side arrangement, in a picture-in-
picture arrangement, where one of the images surrounds the other of the images, or any
other suitable arrangement where the visible light and the infrared image are
concurrently displayed.

[82] For example, processor 222 may control display 108 to display the visible light image
and the infrared image in a combined arrangement. In a combined arrangement, the
visible light image and the infrared image may be superimposed on top of one another.
An operator may interact with user interface 208 to control the transparency or

opaqueness of one or both of the images displayed on display 108. For example, the
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operator may interact with user interface 208 to adjust the infrared image between being
completely transparent and completely opaque and also adjust the visible light image
between being completely transparent and completely opaque. Such an example
combined arrangement, which may be referred to as an alpha-blended arrangement, may
allow an operator to adjust display 108 to display an infrared-only image, a visible light-
only image, of any overlapping combination of the two images between the extremes of
an infrared-only image and a visible light-only image. Processor 222 may also combine
scene information with other data, such as radiometric data, alarm data, and the like.
Additionally, in some embodiments, the processor 222 can interpret and execute
commands from user interface 208, an output/control device 210. This can involve
processing of various input signals and transferring those signals to the front end
circuitry 202 via a connection therebetween. Components (e.g. motors, or solenoids)
proximate the front end circuitry 202 can be actuated to accomplish the desired control
function. Exemplary control functions can include adjusting the focus, opening/closing a
shutter, triggering sensor readings, adj usting bias values, etc. Moreover, input signals
may be used to alter the processing of the image data that occurs in the processor 222.
Processor can further include other components to assist with the processing and control
of the infrared imaging camera 100. For example, as discussed above, in some
embodiments, an ADC can be incorporated into the processor 222. In such a case,
analog signals conditioned by the front-end stages 204 are not digitized until reaching the
processor 222. Moreover, some embodiments can include additional on board memory
for storage of processing command information and scene data, prior to transmission to
the display 108 or the output/control device 210.

An operator may interact with thermal imaging camera 100 via user interface 208, which
may include buttons, keys, or another mechanism for receiving input from a user. The
operator may receive output from thermal imaging camera 100 via display 108. Display
108 may be configured to display an infrared-image and/or a visible light image in any
acceptable palette, or color scheme, and the palette may vary, e.g., in response to user
control. In some examples, display 108 is configured to display an infrared image in a
monochromatic palette such as grayscale or amber. In other examples, display 108 is
configured to display an infrared image in a color palette such as, e.g., ironbow, blue-red,
or other high contrast color scheme. Combination of grayscale and color palette displays

are also contemplated.
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While processor 222 can control display 108 to concurrently display at least a portion of
an infrared image and at least a portion of a visible light image in any suitable
arrangement, a picture-in-picture arrangement may help an operator to easily focus
and/or interpret a thermal image by displaying a corresponding visible image of the same
scene in adjacent alignment.

A power supply (not shown) delivers operating power to the various components of
thermal imaging camera 100 and, in some examples, may include a rechargeable or non-
rechargeable battery and a power generation circuit.

During operation of thermal imaging camera 100, processor 222 controls infrared camera
module 200 and visible light camera module 206 with the aid of instructions associated
with program information that is stored in memory to generate a visible light image and
an infrared image of a target scene. Processor 222 further controls display 108 to display
the visible light image and/or the infrared image generated by thermal imaging camera
100.

A thermal imager is defined by many parameters among which are its Field Of View
(FOV), its Instantaneous Field Of View (IFOV), sometimes referred to as its spatial
FOV, and its measurement instantaneous Field of View (IFOV neasurement), Sometimes
referred to as its measurement IFOV. The imager’s FOV is the portion of a scene that
the imager can see. It is typically described in horizontal degrees by vertical degrees, for
example, 23° X 17°, where degrees are units of angular measurement. Essentially, the
FOV is a rectangle or square extending out from the center of the imager’s lens
extending outward. By analogy, an imager’s FOV can be thought of as a windshield that
one is looking out as one drives one’s car down the road. The FOV is from the top of the
windshield to the bottom, and from the left to the right. An imager’s IFOV, otherwise
sometimes known as its spatial resolution, is the FOV of a single pixel. IFOV is
typically measured in units called milliradians (mRad). Like degrees, milliradians are
units of angular measurement (PI radians = ~ 3.14159 radians = 180 degrees). IFOV
(also sometimes called spatial IFOV) represents the camera’s spatial resolution only, not

its temperature measurement resolution. Thus, the spatial IFOV of the camera may well

enable finding a small hot or cold spot but not necessarily be sufficient to enable

calculating the spot’s temperature accurately because of the camera’s temperature
measurement resolution. Continuing the windshield analogy, the spatial IFOV can be

thought of as the ability to see a roadside sign in the distance through the windshield.
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One can see that it is a sign but one may not be able to read what is on the sign when the
sign becomes first recognizable. To be able to calculate the temperature measurement of
an object of interest relies on the imager’s IFOV casurements Otherwise sometimes known
as the camera’s temperature measurement resolution. It is the smallest detail that one
can get an accurate calculated temperature measurement upon. - Its size, in linear
dimension, depends on the distance from the camera to the object of interest. IFOV
measurement 1S also specified in milliradians and is often two to three times the specified
spatial resolution (i.e., spatial IFOV) because more imaging data is needed to accurately
calculate a temperature measurement. Returning to the windshield/road analogy, when
one sees the sign in the distance but one cannot read it, one would either move closer
until one could read it or one would use an optical device to effectively bring one closer
so that one could read the sign. The IFOV peasurement 1S the angular size that the object of
interest needs to be in order to read it. In order to know the size in linear dimensions,
one has to know the distance the camera is from the object of interest.

FIG. 5 illustrates using the IR camera 100 to measure a distance, d, between itself and an
object of interest 200. Various distance measuring devices may be incorporated into the
camera such as a laser distance measurement device, for example, as previously
mentioned.

FIGs. 6 and 7 are schematic illustrations of calculating the horizontal and vertical field of
view (FOV) of the camera at a certain set distance, d, in linear units. As previously
mentioned, normally for each camera its FOVyorizontat and FOV yenicar are given in degrees
such as 23° X 17°. The following calculations are used to convert the FOV into linear

units:

FOVvenical =20 Fovhorizontal =2 d)

y = (Tangent ©) multiplied by d x = (Tangent ¢) multiplied by d
So FOVvertical distance — 2}’ So FOVhorizontaI distance — 2x

Next, Figures 8 and 9 illustrate calculating the horizontal and vertical IFOV,
respectively, of the camera at that distance, d, in linear units. This is the spatial
resolution, the size of the field of view of a single pixel at the set distance. As previously
mentioned, IFOV is usually specified in mRad so it may be more convenient to convert it

to degrees when using the equations to determine linear dimensions of IFOV values.
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The IFOV measurement determines the size of what can be accurately measured, temperature
wise. As stated above, it is specified in angular units (e.g. milliradians) with the
corresponding linear size depending on the distance, d, of the camera to the object of
interest. Thus, while an object of interest may be larger than the camera’s IFOV gial
one still may not be able to accurately calculate its temperature because the object of
interest is smaller than the camera’s measurement resolution (i.e., smaller than IFOV
measurement)-

As previously mentioned, typically the temperature measurement resolution (IFOV
measurement) Of the camera is two to three times larger than its spatial resolution (IFOV).
The IFOV measurement may be estimated by multiplying the IFOV gpaiial by a factor of 2 or
3. Alternately, the IFOV peasurement may be calqulated in linear units by measuring the
distance between the camera and the object of interest using the equations in paragraph
[42] along the measurement IFOV’s parameters.

FIG. 10 shows a display shot of a thermal or infrared image on the camera’s display 108
(See Figure 1) viewable by a user of the camera. The display shows the camera’s FOV
and the current measured distance. Within the FOV are various items that can be seen, a
transformer pole, two transformers, wiring and another pole.

One of the transformers is emitting more radiant energy than the other and this is shown
by its brightness in the display (because the Figures are in black and white, they do not
illustrate brightness levels).

Preferably, a graphical icon 100, such as a box, representing the size of the camera’s
IFOV measurement is displayed on the LCD display of the camera. In addition to, or
alternately, the linear value of the IFOV peasurement is calculated by measuring the distance
between the camera and the object of interest and the linear value of the measurement
IFOV is displayed on the LCD, as shown. In this embodiment, the graphical icon 100 is
a square box which represents the size an object of interest needs to be in the image in
order to have its temperature accurately calculated. Preferably the box is located in the
center of the LCD display, however, it may be located at other positions. As it turns out,
the size of this IFOV measurement box 100 on the LCD display is independent of the target
distance; however, the size (linear dimensions) of the target object (e.g., portion of the
scene) covered by the box depends on the target distance, as described above. As
mentioned, in one embodiment the IFOV jeasurement in linear units may be displayed on

the LCD. If an operator of the camera knows the approximate size of the object of
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interest and knows what the IFOV peasurement 1S in linear units, then the operator can

determine if the object is big enough to have its temperature accurately measured.

In another embodiment, the graphical icon 100 is used to help the operator determine if

an object (or a portion of an object) displayed on the LCD is large enough to have its
temperature measured. More particularly, if the object (or a portion of the object) fills
the box 100, then the operator can be confident that an accurate temperature
measurement can be made. As seen in FIG. 9, the graphical box 100 is registered on the
first pole. It can be seen that the pole fills the area delineated by the graphical icon. In
such a situation, the calculation of temperature from each pixel should be of a
comparable temperature (assuming the temperature of the pole is uniform) since they are
all exposed to the same object of interest, the pole. As will be discussed hereinafter, the
camera will indicate to the user that the calculated temperature measurement of the pole
should be acceptable.

Figure 11 illustrates a situation where the calculated temperature measurement will not
be acceptable. The graphical icon 100 is registered on a wire. While the wire is
certainly visible, it does not meet the camera’s temperature measurement resolution (i.e.,
it is too narrow and smaller than IFOV peasurement for the distance it is at). The pixels that
show the wire are also receiving energy information from other objects such as the
surrounding environment, in this case the atmosphere (i.e., the sky in the background).
Thus, the calculated temperature will be a blend of the wire temperature and the sky
temperature and thus will not accurately represent the temperature of the wire.

Figure 12 is a marked-up display shot of an infrared or thermal image showing multiple
measurement targets.

In the representative display shot shown in FIG. 12, there are four boxes 100, 100",
100", 100" shown by way of example. For practical purposes, there will be one box
located in the center of the image so FIG. 12 represents, with respect to the graphical
icon, four different images.

Looking first at the transformer as the object of interest, when the graphical icon 100" is
registered with it, the transformer is large enough at that distance to have its temperature
measurement accurately calculated. The same is true when graphical icon 100" is
registered with the pole as previously discussed.

Contrarily, when the graphical icon 100'"" is registered with the top wire, while one is

able to see the wire using thermal imagery, it is not large enough at this particular
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distance, to have its temperature measurement accurately calculated. The user will have
to either get physically closer to the wire or get optically closer by using a telephoto lens,
for example, so that at a new distance enough of the wire fills the box 100'"" representing
the imager’s IFOV peasurement it Order to have its temperature accurately calculated. Thé
same is true for the graphical icon 100 focused on the splice on the lower wire. At this
particular distance, the imager is also picking up the surrounding energy of the
background (sky) and does not allow for an accurate temperature measurement
calculation of the object of interest.

The user may be provided with a visual indication on the display that either an accurate
temperature measurement calculation can be made by displaying text such as “optimum
accuracy” or that one cannot be made by displaying text such as “alarm — not accurate.”
In addition, or in lieu thereof, an audio and/or vibrational/tactile indication may be
rendered.

Alternatively, the graphical icon need not be a box but rather could be a mark such as an
X in the center of the display. When the user registers that mark on an object of interest,
graphical or audio messaging or both may be provided to indicate whether the
temperature measurement will be accurate or not.

Also, particularly with audio indication, the user may be told that at that distance an
accurate temperature measurement calculation cannot be made and that he or she needs
to move closer to the object of interest, either physically or optically, and for each new
distance the user establishes, a new audio will be generated, either telling the user to still
move closer or telling the user that he is close enough to the object of interest for an
accurate temperature measurement calculation to be made.

Figures 13 and 14 are illustrations of a 3x3 pixel matrix in a state where an accurate
temperature measurement calculation can and cannot be made, respectively. The pixel
matrix has been previously corrected for non-uniformity. In Figure 13, each pixel is
shaded the same intensity indicating that each is registering a similar value and thus each
pixel is likely reading the energy from the same object of interest. In Figure 14, each
pixel is shaded differently from its neighboring pixels indicating that each pixel is
reading the energy of different object temperatures and thus the value coming out of the
pixel array would not reflect an accurate témperature measurement calculation of one

object of interest.
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Figures 15 and 16 are illustrations of the 3x3 pixel matrix in a state where an accurate
temperature measurement calculation cannot be made. Unlike Figure 13 in which all of
the pixels were registering the same value, in Figures 15 and 16 one or two pixels,
respectively are not. The processor 118 receives the information from the pixel matrix
and performs a statistical analysis on that data to see if it can be used to indicate an
accurate temperature measurement calculation. The processor 118 may compute an
arithmetic difference between the maximum value and minimum value associated with
the data. If the difference between these maximum and minimum values exceeds a
predetermined threshold, then the processor 118 indicates this data is not usable as an
accurate temperature measurement. In an alternate embodiment, the processor 118
computes an arithmetic average of the data. If the difference between any of the data
from each pixel and the average of the data from each pixel exceeds a predetermined
threshold, then the processor 118 indicates the data is unusable for accurate temperature
measurements.
Of course, those of ordinary skill in the art will appreciate that other statistical analyses
may be performed other than those specifically mentioned herein. The objective of the
statistical analysis is to determine the uniformity of the data obtained by the pixel matrix
in order to indicate whether an accurate temperature measurement will be obtained. If
there is too much variation in the data obtained by the matrix, that suggests that objects
other than the object of interest are also being detected, such as the background/sky, for
example, and a reliable temperature measurement of the object of interest (or region of
the object) cannot be made.
The methods discussed in the subject application may be implemented as a computer
program product having a computer usable medium having a computer readable program
code embodied therein, the computer readable program code adapted to be executed by
the processor 118 to implement the method. In addition, the methods may be
implemented by a processor of a thermal imaging camera.
Figure 17 is a flow chart of a method of determining whether an object of interest can
have its temperature measurement accurately calculated by a thermal imaging camera
according to an embodiment of the invention. The method involves

a) displaying a measurement IFOV on a display of the camera as a graphical
box (step 200); |

b) registering the graphical box with the object of interest on the display
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(step 202); and
c) determining whether the thermal image of the object of interest fills the

graphical box thereby indicating a reliable temperature of the object of interest can be
made (step 204).

Figure 18 is a flow chart of a method of determining whether an object of interest can
have its temperature measurement accurately calculated by a thermal imaging camera

according to an embodiment of the invention. The method involves the steps of:

a) determining a distance between the camera and the object of interest (step
300);

b) calculating a measurement IFOV in linear units (step 302);

c) displaying the measurement IFOV in linear units on a display of the

camera to be viewable by a user of the camera (step 304).

Step (a) may be performed by a distance sensor, such as a laser rangefinder, for example,
or it may be entered by the user of the camera using a data entry device, for example.
Figure 19 is a flow chart of a method of determining whether an object of interest can
have its temperature measurement accurately calculated by a thermal imaging camera
according to an embodiment of the invention. The method involves the steps of:

a) generating temperature data of an object of interest in the form of a pixel
matrix comprised of multiple pixels (step 400); and

b) performing a statistical analysis on the data generated by the pixel matrix

to determine uniformity of the data generated by the pixel matrix (step 402).

In addition, optionally, a notification may be generated based on the analysis performed
in step (b). For example, the method could further involve the steps of generating a
notification if the analysis performed in step (b) indicates that the data is not uniform. Or
the method could involve the step of generating a notification if the analysis performed
in step (b) indicates that the data is uniform.

Typically the pixel matrix is a three by three matrix.

Imagers are frequently used for inspection of high voltage electrical equipment which
has a minimum required safe distance depending on the equipment’s rating. Because the

imaging camera according to the embodiments of the invention is able to measure
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distance to the target, it can be used to trigger any alert or alarm that a user is positioned
an unsafe distance from an object or equipment such as electrical equipment. The alert
may be visual, audible and/or vibrational/tactile.

For example, a user can select a mode that the imager is being used to measure electrical
equipment that requires a safe distance between the user of the imager and the
equipment. Alternatively, the imager may be continuously set to a mode that indicates to
a user whether they are too close to the target.

As the user uses the imager to thermally image objects and/or equipment, the
embodiments indicate to the user whether an accurate temperature measurement can be
obtained. If not, the user is directed to move closer, either optically with a lens or
physically, to the target. If the user moves physically closer to the object, an indicator
will indicate if the user has crossed a threshold where the user is now at an unsafe
distance from the equipment. The indicator may be a visual and/or audible alarm.
Example thermal image cameras and related techniques have been described. The
techniques described in this disclosure may also be embodied or encoded in a computer-
readable medium, such as a non-transitory computer-readable medium containing
instructions. Instructions embedded or encoded in a computer-readable storage medium
may cause a programmable processor, or other processor, to perform the methods, e.g.,
when the instructions are exectired. Computer readable storage media may include
random access memory (RAM), read only memory (ROM), a hard disk, optical media, or
other computer readable media now known or later developed.

In the foregoing detailed description, the invention has been described with reference to
specific embodiments. However, it may be appreciated that various modifications and
changes can be made without departing from the scope of the invention as set forth in the

appended claims.
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WHAT IS CLAIMED IS:

I. A method of determining whether an object of interest can have its temperature

measurement accurately calculated by a thermal imaging camera comprising:
a) displaying a measurement IFOV of the camera on a display of the camera
as a graphical box;
b) registering the graphical box with the object of interest on the display; and
c) determining whether the thermal image of the object of interest fills the
graphical box thereby indicating a reliable temperature of the object of interest
can be made.

2. A method of determining whether an object of interest can have its temperature

measurement accurately calculated by a thermal imaging camera comprising:

a) determining a distance between the camera and the object of interest;
b) calculating a measurement IFOV in linear units; and
c) displaying the calculated measurement IFOV in linear units on’the

display of the camera to be viewable by a user of the camera.
3. The method of claim 2 wherein step (a) is performed by a laser rangefinder.
4. The method of claim 2 wherein step (a) is performed by the user of the camera
entering the distance information on a data entry device of the camera.
5. The method of claim 2 further comprising d) determining whether the camera is
an unsafe distance from the object of interest and, if so, €) generating an alarm that the
camera is at an unsafe distance.
6. A computer program product, comprising a computer usable medium having a
computer readable program code embodied therein, said computer readable program
code adapted to be executed to implement a method for determining whether an object of
interest can have its temperature measurement accurately calculated by a thermal
imaging camera, said method comprising:
a) displaying a measurement [FOV on a display of the camera as a graphical
box; and ’
b) registering the graphical box with the image of the object of interest on
the display.
7. A method of determining whether an object of interest can have its temperature

measurement accurately calculated by a thermal imaging camera comprising:
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a) generating temperature data of an object of interest in the form of a pixel
matrix comprised of multiple pixels; and
b) performing a statistical analysis on the data generated by the pixel matrix
to determine uniformity of the data generated by the pixel matrix.
8. The method of claim 7 further comprising the step of generating a notification if
the analysis performed in step (b) indicates that the data is not uniform
9. The method of claim 7 further comprising the step of generating a notification if
the analysis performed in step (b) indicates that the data is uniform.
10.  The method of claim 7 further comprising the step of displaying an appropriate
message on a display of the camera.
11.  The method of claim 10 wherein the notification comprises an alarm.
12. The method of claim 10 wherein the notification comprises an audio recording
telling the user of the camera to move closer to the object of interest in order to get an
acceptable temperature measurement calculation and once the user has moved to a new
distance from the object of interest, performing steps (a) through (d).
13. The method of claim 7 wherein step (b) includes
determining a minimum value of the data;
determining a maximum value of the data;
computing an arithmetic difference between the minimum and maximum
values;
determining if the arithmetic difference exceeds a predetermined
threshold;
if the arithmetic difference exceeds the predetermined value, generating
an indication that the data is not usable as an accurate temperature.
14.  The method of claim 7 wherein step (b) includes
computing an arithmetic average of the data;
determining if the difference between any of the data from each pixel and
the average of the data exceeds a predetermined threshold;
if the difference determined in step (e) exceeds the threshold, generating
an indication that the data is not usable as an accurate temperature.
15. A portable, hand-held thermal imaging camera comprising:
a lens assembly having an associated sensor for detecting thermal images

of a target scene;

32



WO 2012/177740 PCT/US2012/043313

a display adapted to display at least a portion of the thermal image;
a processor programmed to calculate a measurement IFOV in linear units
and display the calculated measurement IFOV in linear units on the display.
16. A camera according to claim 15 further comprising a distance measuring device
for measuring the distance between the camera and the object of interest and providing
that measurement to the processor in order for the processor to calculate the
measurement [IFOV in linear units.
17. A camera according to claim 15 further comprising an input device for entering
data reflective of the distance between the camera and the object of interest and
providing that data to the processor in order for the processor to calculate the
measurement IFOV in linear units.
18. A portable, hand-held thermal imaging camera comprising:
a lens assembly having an associated sensor for detecting thermal images
of a target scene;
a display adapted to display the thermal image;
a processor programmed to perform a statistical analysis on data
generated by a pixel matrix to determine the uniformity of the data.
19.  The camera of claim 18 wherein the processor is programmed to generate a
notification based on the statistical analysis performed.
20.  The method of claim 19 wherein the notification is an appropriate message
displayed on the display of the camera.
21.  The camera of claim 19 wherein the notification is an audio recording telling the
user of the camera if an accurate temperature measurement can be made, and, if not,
telling the user of the camera to move closer to the object of interest and once the user
has moved to a new distance from the object of interest, the statistical analysis is
performed again and a new notification is generated based on the statistical analysis
performed.
22. The camera of claim 18 wherein the pixel matrix comprises three-by-three array
of pixels.
23.  The camera of claim 18 wherein the statistical analysis performed by the
processor comprises:
determining a minimum value of the data;

determining a maximum value of the data;
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computing an arithmetic difference between the minimum and maximum

values;
determining if the arithmetic difference exceeds a predetermined
threshold; and
if the arithmetic difference exceeds the predetermined value, generating
an indication that the data is not usable as an accurate temperature.
24.  The camera of claim 18 wherein the statistical analysis performed by the
processor comprises:
computing an arithmetic average of the data;
determining if the difference between any of the data from each pixel and
the average of the data exceeds a predetermined threshold;
if the difference determined exceeds the threshold, generating an

indication that the data is not usable as an accurate temperature.

34



PCT/US2012/043313

WO 2012/177740

1/16

Fig. 1

o e N
- §
< (]
[en]
S o M
| ol [0
/N v, o 8
o =) ? >
o~ L z 7 (i 3
- <) X - Q 3
te a FH-1 5 }---- n
_1_ L = O 0o
;! O x
by ¥ o
1 “ L
' = Q- )
= | E—
L\ -
[~ |
L !
[ X
S W o i
ZD fommmmm e
B TN b e =
(] w S
]Lo?

110 —C




PCT/US2012/043313

WO 2012/177740

2/16

108

106

<t
(=)
-

FIG. 2



PCT/US2012/043313

WO 2012/177740

3/16

100

\O
et
ot

3

FIG



PCT/US2012/043313

WO 2012/177740

4/16

oLe

32IA30 TOYLNOD
11nd1lNO

80¢
/I\\ A

FOVAAILNI

¥3

SN

(\

A

3

80} J

AVdsid

AMOWIW / dIHD NO WALSAS / 01d / HOSSTO0UdOUDIN / VO

HOSS300¥d
zze
N
A h
A
8z SHOSN3S oav L
W/ 0T
$0Z ——
20z
ozz HOLVHOILNI svig /\
IdINV-3¥d N\
{\ .......................................................... N .VNN
Y ,
HOSN3S TA 02z ) HOsSNasl
Zve / " w
~—7 | ¥3LINHS
. ASSV SN31TA / vl ‘ASSY SN31 ¥l / C

A /. :

N T 90z N | 00Z vz

v "OIA




WO 2012/177740 v PCT/US2012/043313

5/16

100

200 —1




PCT/US2012/043313

WO 2012/177740

6/16

XZ = IONV.LSIA IVLNOZIHOH AO4
p( @ INIONVL) = X
S33493A ® Z = TVLNOZIHYOH AOA4

S33493A NI NIAID HIOVNI ¥O4 TVLNOZIHYOH AC4H NOILJWNSSY

H3ANIH IONVY HISVYT A8 3HNSYIN SV L3DUVL OL JONVLSIA SI P

S33403q @

SLINN ¥Y3NIT NI M3IA 20 @314 IVLNOZIYOH ONININYE.L3d

9 "Bio



PCT/US2012/043313

WO 2012/177740

7/16

AZ = JONVLSIA TVOLLYIA AOH
P(© LNIONVL) =4

$334930 © T =TVIILY3A AOS

S33493d NI NIAID HIADVINI HO4 TVOILYIA A0 ‘NOILJWNSSY

H3ANId IONVYH 43SV AS A3HNSYIN SV 1394VL OL 3ONVLSIA SIP

$334o30 B

S1INN "V3ANIT NI M3IA 40 Q1314 IVOILI3A ONININGTL3d

L b1



PCT/US2012/043313

WO 2012/177740

8/16

XZ = JONV.LSIA TVLNOZIYOH AO4|

p( @ LNIFONVL) = X

$334930 @ ¢ = TVLNOZIHOH AOHI

S334O3a Ol av
QvyW NI N3AID 39

(0g1/11) Zz=S33493A Z

HWw NI AINFWIHNSVIN AOCHI L43ANOD

VNI YO TVANOZIYOH AO4 :NOILJNNSSY

$3349304 ¢

SLINN "VANITNI M3IA 40 Q1314

YIANIH IONVY YISV A9 GIHNSVYIW SV L3DYVL OL ONVLSIA SI P

IVANOZIYOH SNO3NVLNVLSNI ONINING3LIA

8 "B




PCT/US2012/043313

WO 2012/177740

9/16

Az = JONVLSIA T¥IILY3IA AO4
p( © LNIONVL) = A
S33493A © ¢ = IVIILHIA A0

(0g1L/LI) Z=S334¥93A Z
S33493A OL AvEWw Ni LNIWIHNSYIN A0 LY4IANOD

avyw NI NSAID H¥IOVINI HO04 TvOLLY3A AOLI :NOILLINNSSY

H3IANI4 IONVY ¥3SVT AS FHNSYIN SY L13OUVL OL JONVLSIA SiP -

ZAEGO
-XLIdOLIONNVIQIH IPAVXIY

S33YO3A 6

SEENDEONC;

SLINMN ¥VANIT NI M3IA 40 03I
SNOINVLNVLSNI TvOILYIA ONININYZ L]

6 "Bl



PCT/US2012/043313

WO 2012/177740

10/16

)

Vv
DS AN




PCT/US2012/043313

WO 2012/177740

11/16

w




WO 2012/177740

12/16

PCT/US2012/043313



WO 2012/177740 PCT/US2012/043313

13/16

Fig. 16




WO 2012/177740

14/16

Fig.17

PCT/US2012/043313

DISPLAY THE
MEASUREMENT
IFOV

| -204

v

REGISTER GRAPHICAL

INDICATOR WITH
OBJECT OF INTEREST

206

!

- DETERMINE WHETHER

TEMPERATURE
MEASUREMENT CAN
BE CALCULATED




WO 2012/177740 PCT/US2012/043313

15/16

Fig. 18

MEASURE DISTANCE ™300

l

CALCULATE A
MEASUREMENT 302
IFOV

COMPARE THE
MEASUREMENT IFOV
WITH,OBJECT OF

304

o?hwm),\& ,

~ CJ? ')713’1[(

S12¢ ofF THE
308 W /'306
GENERATEA GENERATE A
NOTIFICATION NOTIFICATION

IF MEASUREMENT

RESOLUTION IS

ACCEPTABLE

IF MEASUREMENT
RESOLUTION IS
NOT ACCEPTABLE




WO 2012/177740 PCT/US2012/043313

16/16
16 19
s
é éﬂ"/tﬂ/w)f }fﬁw;d/f € 0o
LﬂW@éﬁt@Twﬂﬂ
\
\g/
S )7‘2/}/.(‘%(4 ]

} ?%orm e
j /}/wbmf o QA}K
///




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings

