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MODULAR INFRARED CAMERA SYSTEMS AND METHODS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent Application Serial No.

61/446,950, filed February 25, 2011, incorporated by reference in its entirety.

This application contains subject matter which is related to the invention disclosed in
U.S. Patent Application No. 11/946,798, entitled “Infrared Camera Modes for Maritime
Applications” and filed November 28, 2007, which is incorporated herein by reference in its

entirety.

TECHNICAL FIELD

The present disclosure relates to infrared imaging systems and, in particular, to

modular infrared camera systems and methods.

BACKGROUND

Infrared cameras are utilized in a variety of imaging applications to capture infrared
images. For example, infrared cameras may be utilized for maritime applications to enhance
visibility under various conditions for naval navigation, while other infrared cameras may be
utilized for other applications such as for an off-road vehicle. However, there are a number

of drawbacks for conventional application approaches for infrared cameras.

As an example, one drawback is that a user may have to purchase an infrared camera
for each different application, such as for a maritime application or an off-road vehicle
application, with resulting costs, maintenance, and related burdens associated with numerous
infrared cameras. Another drawback is that each application typically requires a different
infrared camera configuration along with various user settings and processing techniques,
which, if not implemented and selected properly by a user, may result in a less than desirable

image being captured and displayed.

Accordingly, there is a need for an improved infrared camera that may be used for a

variety of infrared camera applications.
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SUMMARY

Systems and methods disclosed herein provide modular infrared camera techniques in
accordance with one or more embodiments. For example for one or more embodiments,
systems and methods are disclosed that may provide automatically configurable
characteristics and functionality based on the various applications. As a specific example, an
infrared camera may be used in a modular fashion for a variety of infrared camera
applications and be adaptable to provide improved embodiment and processing techniques
for these various infrared imaging applications, in accordance with one or more

embodiments.

In one or more embodiments, the modular infrared camera system includes a self-
contained, adaptive, and/or portable device that is configured to mount or couple to various
different adapters (e.g., mounts or docking stations) and automatically configure itself for the
intended use based on the associated adapter. The modular infrared camera system may
include a small (e.g., palm-sized) device with a mobile power source (e.g., batteries) and
components adapted for use with various applications, such as a helmet camera, a maritime
vessel, a car camera, a bicycle camera, a home use, a handheld camera, or various other
applications. For example for an embodiment, image processing techniques are disclosed to
allow for suppression of unwanted features, such as noise, and/or refinement of captured

infrared images based on a given application or use of the infrared camera.

The modular infrared camera system for an embodiment may provide user
convenience with portability, ease of use, and wireless capability (e.g., to a wireless display,
such as a cell phone, a smart phone, a tablet, a laptop, or a vehicle’s display). In an
embodiment, a user may command the modular infrared camera system to a designated
configuration for a desired application (e.g., select the desired configuration via the wireless
display having a touch screen or other user-input control). In another embodiment, the
modular infrared camera system may have a default setting, which may be used, for example,
if no mount is sensed (e.g., freeform use and held with no mount, with images displayed on a
wireless display). Furthermore, the modular infrared camera system for an embodiment may
provide the user with the capability of night vision for safer night activities, such as walking,
athletics, travel, and other activities, which may involve various modes of transportation

including cycling, automobiles, watercraft, aircraft, etc.

2
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In one or more embodiments, an infrared camera system includes an image capture
component adapted to capture an infrared image, a mode sensing component adapted to
automatically sense an intended application for the infrared camera system corresponding to a
mode of operation and provide a first control signal indicative of the sensed mode of
operation. The infrared camera system may include a processing component adapted to
receive the first control signal from the mode sensing component, process the captured
infrared image according to the sensed mode of operation, and generate a processed infrared

image, and a memory component adapted to store the processed infrared image.

In one or more embodiments, a method for processing an infrared image from an
infrared detector includes sensing an intended application of use for the infrared detector
corresponding to a mode of operation; setting the mode of operation for processing the
infrared image; and capturing the infrared image. The method may further include
processing the captured infrared image according to the sensed mode of operation; generating
a processed infrared image based on the sensed mode of operation; and storing and/or

displaying the processed infrared image.

As an example, if the sensed mode of operation comprises a vehicle or cycle
application, then for one or more embodiments the captured image may be processed to
provide a basic monochrome display with selected automatic gain control parameters and
pedestrian and/or animal detection enabled to provide to the display component. If the
sensed mode of operation comprises a maritime application, then for one or more
embodiments the captured image may be processed to provide a red hue display and with
maritime automatic gain control selections to provide to the display component. If the sensed
mode of operation comprises a handheld application, then for one or more embodiments the
captured image may be processed to provide a selection between monochrome and color
modes, absolute temperature readout, image capture capability, and/or a low power mode of

operation.

The display component may be adapted to display the processed infrared image in at
least one of a black hot palette, a white hot palette, a red color palette, and a green color
palette in accordance with one or more embodiments. The system may include a memory
component, adapted to store at least one of the captured infrared image and the processed

infrared image, and an environmental sensing component adapted to provide environmental

3
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information to the processing component. The system may include a control component
adapted to provide a plurality of selectable processing modes to a user, receive a user input
corresponding to a user selected processing mode, and provide a second control signal
indicative of the user selected processing mode. The processing component may be adapted
to receive the second control signal from the control component, process the captured
infrared image according to the user selected processing mode, and generate the processed
infrared image according to the user selected processing mode. The display component may
be adapted to display the processed infrared image according to the user selected processing

mode.

In one or more embodiments, a user may select or the system may automatically
configure itself for various types of maritime applications. For example, the plurality of
selectable processing modes may include a night docking mode that causes the processing
component to histogram equalize and scale the captured infrared image to generate the
processed infrared image according to the user selected processing mode. The plurality of
selectable processing modes may include a man overboard mode that causes the processing
component to apply a high pass filter to the captured infrared image to generate the processed
infrared image according to the user selected processing mode. The plurality of selectable
processing modes may include a night cruising mode that causes the processing component to
extract a detailed part and a background part from the captured infrared image, separately
scale the detailed part, separately histogram equalize and scale the background part, and add
the detailed part to the background part to generate the processed infrared image according to
the user selected processing mode. The plurality of selectable processing modes may include
a day cruising mode that causes the processing component to extract a detailed part and a
background part from the captured infrared image, separately scale the detailed part,
separately histogram equalize and scale the background part, and add the detailed part to the
background part to generate the processed infrared image according to the user selected
processing mode. The plurality of selectable processing modes may include a hazy
conditions mode that causes the processing component to apply a non-linear low pass filter
on the captured infrared image, and then histogram equalize and scale the filtered image to
generate the processed infrared image according to the user selected processing mode. The
plurality of selectable processing modes may include a shoreline mode that causes the

processing component to apply a Huff or Hough transform operation to the captured infrared
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image to generate the processed infrared image according to the user selected processing

mode.

The scope of the disclosure is defined by the claims, which are incorporated into this
section by reference. A more complete understanding of embodiments of the present
disclosure will be afforded to those skilled in the art, as well as a realization of additional
advantages thereof, by a consideration of the following detailed description of one or more
embodiments. Reference will be made to the appended sheets of drawings that will first be

described briefly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a block diagram illustrating an infrared imaging system, in accordance

with an embodiment.

FIG. 2A shows a flowchart for capturing and processing infrared images, in

accordance with an embodiment.

FIG. 2B shows a block diagram illustrating a method for capturing and processing

infrared images in accordance with an embodiment.

FIGS. 3A-3F show block diagrams illustrating infrared processing techniques in

accordance with one or more embodiments.

FIG. 4 shows a block diagram illustrating an overview of infrared processing

techniques in accordance with one or more embodiments.

FIG. 5 shows a block diagram illustrating a control component of the infrared imaging
system for selecting between different modes of operation in accordance with an

embodiment.

FIGS. 6A-6B show various views of an infrared camera adapted for capturing and

processing infrared images, in accordance with an embodiment.

FIGS. 7A-7C show various views of a monitor for displaying infrared images, in

accordance with an embodiment.
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FIGS. 8A-8D show various views of a first adapter for coupling the infrared camera

to a first vehicle, in accordance with an embodiment.

FIGS. 9A-9D show various views of a second adapter for coupling the infrared

camera to a second vehicle, in accordance with an embodiment.

FIGS. 10A-10D show various views of a third adapter for coupling the infrared

camera to a handheld device, in accordance with an embodiment.

Embodiments of the present disclosure and their advantages are best understood by
referring to the detailed description that follows. It should be appreciated that like reference

numerals are used to identify like elements illustrated in one or more of the figures.

DETAILED DESCRIPTION

FIG. 1 shows a block diagram illustrating an infrared imaging system 100 for
capturing and processing infrared images in accordance with one or more embodiments. In
one embodiment, infrared imaging system 100 includes a processing component 110, a
memory component 120, an image capture component 130, a display component 140, a
control component 150, and a mode sensing component 160. In another embodiment,
infrared imaging system 100 may also include a communication component 152 and one or

more other sensing components 162.

In various embodiments, infrared imaging system 100 may represent an infrared
imaging device, such as an infrared camera, to capture images, such as image 170. Infrared
imaging system 100 may represent any type of infrared camera system, which for example
detects infrared radiation and provides representative data (e.g., one or more snapshots or
video infrared images). For example, infrared imaging system 100 may represent an infrared
camera that is directed to the near, middle, and/or far infrared spectrums to provide thermal
infrared image data. Infrared imaging system 100 may include a portable device and may be
implemented, for example, as a handheld device and/or coupled, in other examples, to
various types of vehicles (e.g., a land-based vehicle, a watercraft, an aircraft, a spacecraft,
etc.) or to various types of fixed locations (e.g., a home security mount, a campsite or

outdoors mount, etc.) via one or more types of mounts. In still another example, infrared
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imaging system 100 may be integrated as part of a non-mobile installation requiring infrared

images to be stored and/or displayed.

Processing component 110 includes, in one embodiment, a microprocessor, a single-
core processor, a multi-core processor, a microcontroller, a logic device (e.g., a
programmable logic device configured to perform processing functions), a digital signal
processing (DSP) device, or some other type of generally known processor. Processing
component 110 is adapted to interface and communicate with components 120, 130, 140,
150, 160, and 162 to perform method and processing steps as described herein. Processing
component 110 may include one or more mode modules 112A-112N for operating in one or
more modes of operation. In one aspect, mode modules 112A-112N are adapted to define
preset processing and/or display functions that may be embedded in processing component
110 or stored on memory component 120 for access and execution by processing component
110. In another aspect, processing component 110 may be adapted to perform various types

of image processing algorithms as described herein.

In various embodiments, it should be appreciated that each mode module 112A-112N
may be integrated in software and/or hardware as part of processing component 110, or code
(e.g., software or configuration data) for each mode of operation associated with each mode
module 112A-112N, which may be stored in memory component 120. Embodiments of
mode modules 112A-112N (i.e., modes of operation) disclosed herein may be stored by a
separate computer-readable medium (e.g., a memory, such as a hard drive, a compact disk, a
digital video disk, or a flash memory) to be executed by a computer (e.g., logic or processor-

based system) to perform various methods disclosed herein.

In one example, the computer-readable medium may be portable and/or located
separate from infrared imaging system 100, with stored mode modules 112A-112N provided
to infrared imaging system 100 by coupling the computer-readable medium to infrared
imaging system 100 and/or by infrared imaging system 100 downloading (e.g., via a wired or
wireless link) the mode modules 112A-112N from the computer-readable medium (e.g.,
containing the non-transitory information). In various embodiments, as described herein,
mode modules 112A-112N provide for improved infrared camera processing techniques for

real time applications, wherein a user or operator may change the mode of operation
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depending on a particular application, such as a off-road application, a maritime application,

an aircraft application, a space application, etc.

Memory component 120 includes, in one embodiment, one or more memory devices
to store data and information. The one or more memory devices may include various types of
memory including volatile and non-volatile memory devices, such as RAM (Random Access
Memory), ROM (Read-Only Memory), EEPROM (Electrically-Erasable Read-Only
Memory), flash memory, etc. In one embodiment, processing component 110 is adapted to
execute software stored in memory component 120 to perform various methods, processes,

and modes of operations in manner as described herein.

Image capture component 130 includes, in one embodiment, one or more infrared
sensors (e.g., any type of infrared detector, such as a focal plane array) for capturing infrared
image signals representative of an image, such as image 170. In one embodiment, the
infrared sensors of image capture component 130 provide for representing (e.g., converting) a
captured image signal of image 170 as digital data (e.g., via an analog-to-digital converter
included as part of the infrared sensor or separate from the infrared sensor as part of infrared
imaging system 100). Processing component 110 may be adapted to receive infrared image
signals from image capture component 130, process infrared image signals (e.g., to provide
processed image data), store infrared image signals or image data in memory component 120,
and/or retrieve stored infrared image signals from memory component 120. Processing
component 110 may be adapted to process infrared image signals stored in memory
component 120 to provide image data (e.g., captured and/or processed infrared image data) to

display component 140 for viewing by a user.

Display component 140 includes, in one embodiment, an image display device (e.g., a
liquid crystal display (LCD)) or various other types of generally known video displays or
monitors. Processing component 110 may be adapted to display image data and information
on display component 140. Processing component 110 may be adapted to retrieve image data
and information from memory component 120 and display any retrieved image data and
information on display component 140. Display component 140 may include display
electronics, which may be utilized by processing component 110 to display image data and
information (e.g., infrared images). Display component 140 may receive image data and

information directly from image capture component 130 via processing component 110, or

8
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the image data and information may be transferred from memory component 120 via

processing component 110.

In one embodiment, processing component 110 may initially process a captured
image and present a processed image in one mode, corresponding to mode modules 112A-
112N, and then upon user input to control component 150, processing component 110 may
switch the current mode to a different mode for viewing the processed image on display
component 140 in the different mode. This switching may be referred to as applying the
infrared camera processing techniques of mode modules 112A-112N for real time
applications, wherein a user or operator may change the mode while viewing an image on
display component 140 based on user input to control component 150. In various aspects,
display component 140 may be remotely positioned, and processing component 110 may be
adapted to remotely display image data and information on display component 140 via wired

or wireless communication with display component 140, as described herein.

Control component 150 includes, in one embodiment, a user input and/or interface
device having one or more user actuated components, such as one or more push buttons, slide
bars, rotatable knobs or a keyboard, that are adapted to generate one or more user actuated
input control signals. Control component 150 may be adapted to be integrated as part of
display component 140 to function as both a user input device and a display device, such as,
for example, a touch screen device adapted to receive input signals from a user touching
different parts of the display screen. Processing component 110 may be adapted to sense
control input signals from control component 150 and respond to any sensed control input

signals received therefrom.

Control component 150 may include, in one embodiment, a control panel unit (e.g., a
wired or wireless handheld control unit) having one or more user-activated mechanisms (e.g.,
buttons, knobs, sliders, etc.) adapted to interface with a user and receive user input control
signals. In various embodiments, the one or more user-activated mechanisms of the control
panel unit may be utilized to select between the various modes of operation, as described
herein in reference to mode modules 112A-112N. In other embodiments, it should be
appreciated that the control panel unit may be adapted to include one or more other user-
activated mechanisms to provide various other control functions of infrared imaging system

100, such as auto-focus, menu enable and selection, field of view (FoV), brightness, contrast,

9
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gain, offset, spatial, temporal, and/or various other features and/or parameters. In still other
embodiments, a variable gain signal may be adjusted by the user or operator based on a

selected mode of operation.

In another embodiment, control component 150 may include a graphical user interface
(GUD), which may be integrated as part of display component 140 (e.g., a user actuated touch
screen), having one or more images of the user-activated mechanisms (e.g., buttons, knobs,
sliders, etc.), which are adapted to interface with a user and receive user input control signals
via the display component 140. As an example for one or more embodiments as discussed
further herein, display component 140 and control component 150 may represent a smart
phone, a tablet, a personal digital assistant (e.g., a wireless, mobile device), a laptop

computer, a desktop computer, or other type of device.

Mode sensing component 160 includes, in one embodiment, an application sensor
adapted to automatically sense a mode of operation, depending on the sensed application
(e.g., intended use or implementation), and provide related information to processing
component 110. In various embodiments, the application sensor may include a mechanical
triggering mechanism (e.g., a clamp, clip, hook, switch, push-button, etc.), an electronic
triggering mechanism (e.g., an electronic switch, push-button, electrical signal, electrical
connection, etc.), an electro-mechanical triggering mechanism, an electro-magnetic triggering
mechanism, or some combination thereof. For example for one or more embodiments, mode
sensing component 160 senses a mode of operation corresponding to the infrared imaging
system’s 100 intended application based on the type of mount (e.g., accessory or fixture) to
which a user has coupled the infrared imaging system 100 (e.g., image capture component
130). Alternatively, the mode of operation may be provided via control component 150 by a
user of infrared imaging system 100 (e.g., wirelessly via display component 140 having a

touch screen or other user input representing control component 150).

Furthermore in accordance with one or more embodiments, a default mode of
operation may be provided, such as for example when mode sensing component 160 does not
sense a particular mode of operation (e.g., no mount sensed or user selection provided). For
example, infrared imaging system 100 may be used in a freeform mode (e.g., handheld with

no mount) and the default mode of operation may be set to handheld operation, with the

10
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infrared images provided wirelessly to a wireless display (e.g., another handheld device with

a display, such as a smart phone, or to a vehicle’s display).

Mode sensing component 160, in one embodiment, may include a mechanical locking
mechanism adapted to secure the infrared imaging system 100 to a vehicle or part thereof and
may include a sensor adapted to provide a sensing signal to processing component 110 when
the infrared imaging system 100 is mounted and/or secured to the vehicle. Mode sensing
component 160, in one embodiment, may be adapted to receive an electrical signal and/or
sense an electrical connection type and/or mechanical mount type and provide a sensing
signal to processing component 110. Alternatively or in addition, as discussed herein for one
or more embodiments, a user may provide a user input via control component 150 (e.g., a
wireless touch screen of display component 140) to designate the desired mode (e.g.,

application) of infrared imaging system 100.

Processing component 110 may be adapted to communicate with mode sensing
component 160 (e.g., by receiving sensor information from mode sensing component 160)
and image capture component 130 (e.g., by receiving data and information from image
capture component 130 and providing and/or receiving command, control, and/or other

information to and/or from other components of infrared imaging system 100).

In various embodiments, mode sensing component 160 may be adapted to provide
data and information relating to system application including a handheld implementation
and/or coupling implementation associated with various types of vehicles (e.g., a land-based
vehicle, a watercraft, an aircraft, a spacecraft, etc.) or stationary applications (e.g., a fixed
location, such as on a structure). In one embodiment, mode sensing component 160 may
include communication devices that relay information to processing component 110 via
wireless communication. For example, mode sensing component 160 may be adapted to
receive and/or provide information through a satellite, through a local broadcast transmission
(e.g., radio frequency), through a mobile or cellular network and/or through information
beacons in an infrastructure (e.g., a transportation or highway information beacon
infrastructure) or various other wired or wireless techniques (e.g., using various local area or

wide area wireless standards).

In another embodiment, image capturing system 100 may include one or more other

types of sensing components 162, including environmental and/or operational sensors,
11
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depending on the sensed application or implementation, which provide information to
processing component 110 (e.g., by receiving sensor information from each sensing
component 162). In various embodiments, other sensing components 162 may be adapted to
provide data and information related to environmental conditions, such as internal and/or
external temperature conditions, lighting conditions (e.g., day, night, dusk, and/or dawn),
humidity levels, specific weather conditions (e.g., sun, rain, and/or snow), distance (e.g., laser
rangefinder), and/or whether a tunnel, a covered parking garage, or that some type of
enclosure has been entered or exited. Accordingly, other sensing components 160 may
include one or more conventional sensors as would be known by those skilled in the art for
monitoring various conditions (e.g., environmental conditions) that may have an affect (e.g.,

on the image appearance) on the data provided by image capture component 130.

In some embodiments, other sensing components 162 may include devices that relay
information to processing component 110 via wireless communication. For example, each
sensing component 162 may be adapted to receive information from a satellite, through a
local broadcast (e.g., radio frequency) transmission, through a mobile or cellular network
and/or through information beacons in an infrastructure (e.g., a transportation or highway

information beacon infrastructure) or various other wired or wireless techniques.

In various embodiments, components of image capturing system 100 may be
combined and/or implemented or not, as desired or depending on application requirements,
with image capturing system 100 representing various functional blocks of a system. For
example, processing component 110 may be combined with memory component 120, image
capture component 130, display component 140, and/or mode sensing component 160. In
another example, processing component 110 may be combined with image capture
component 130 with only certain functions of processing component 110 performed by
circuitry (e.g., a processor, a microprocessor, a microcontroller, a logic device, etc.) within
image capture component 130. In still another example, control component 150 may be
combined with one or more other components or be remotely connected to at least one other
component, such as processing component 110, via a wired or wireless control device so as to

provide control signals thereto.

In one embodiment, image capturing system 100, may include a communication

component 152, such as a network interface component (NIC) adapted for communication

12
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with a network including other devices in the network. In various embodiments,
communication component 152 may include a wireless communication component, such as a
wireless local area network (WLAN) component based on the IEEE 802.11 standards, a
wireless broadband component, mobile cellular component, a wireless satellite component, or
various other types of wireless communication components including radio frequency (RF),
microwave frequency (MWF), and/or infrared frequency (IRF) components adapted for
communication with a network. As such, communication component 152 may include an
antenna coupled thereto for wireless communication purposes. In other embodiments, the
communication component 152 may be adapted to interface with a DSL (e.g., Digital
Subscriber Line) modem, a PSTN (Public Switched Telephone Network) modem, an Ethernet
device, and/or various other types of wired and/or wireless network communication devices

adapted for communication with a network.

In various embodiments, a network may be implemented as a single network or a
combination of multiple networks. For example, in various embodiments, the network may
include the Internet and/or one or more intranets, landline networks, wireless networks,
and/or other appropriate types of communication networks. In another example, the network
may include a wireless telecommunications network (e.g., cellular phone network) adapted to
communicate with other communication networks, such as the Internet. As such, in various
embodiments, the infrared imaging system 100 may be associated with a particular network
link such as for example a URL (Uniform Resource Locator), an IP (Internet Protocol)

address, and/or a mobile phone number.

FIG. 2A shows a method 200 for capturing and processing infrared images, in
accordance with one or more embodiments. For purposes of simplifying discussion of FIG.
2A, reference may be made to image capturing system 100 of FIG. 1 as an example of a

system, device, or apparatus that may perform method 200.

Referring to FIG. 2A, an image (e.g., infrared image signal containing infrared image
data) is captured (block 210) with infrared imaging system 100. In one embodiment,
processing component 110 controls (e.g., causes) image capture component 130 to capture an
image, such as, for example, image 170. In one aspect, after receiving the captured image
from image capture component 130, processing component 110 may be adapted to optionally

store the captured image in memory component 120 for processing.

13
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The captured image may be pre-processed (block 214). In one embodiment, pre-
processing may include obtaining infrared sensor data related to the captured image, applying
correction terms, and applying noise reduction techniques to improve image quality prior to
further processing as would be understood by one skilled in the art. In another embodiment,
processing component 110 may directly pre-process the captured image or optionally retrieve
the captured image stored in memory component 120 and then pre-process the image. In one
aspect, pre-processed images may be optionally stored in memory component 120 for further

processing.

A mode of operation may be determined (block 218) and in one or more
embodiments, the mode of operation may be determined before or after the image is captured
and preprocessed (blocks 210 and 214), depending upon the types of infrared detector
settings (e.g., biasing, frame rate, signal levels, etc.), processing algorithms, and related
configurations, as would be understood by one skilled in the art. In one embodiment, a mode
of operation may be defined by mode sensing component 160, wherein an application sensing
portion of mode sensing component 160 may be adapted to automatically sense the mode of
operation, and depending on the sensed application, mode sensing component 160 may be
adapted to provide related data and/or information to processing component 110. In another
embodiment, it should be appreciated that the mode of operation may be manually set by a
user via display component 140 and/or control component 150 without departing from the
scope of the present disclosure. As such, in one aspect, processing component 110 may
communicate with display component 140 and/or control component 150 to obtain the mode
of operation as provided (e.g., input) by a user. In another embodiment, as described further
herein, a default mode of operation may be provided (e.g., when no mount is sensed or no
user selection provided). As described herein, the modes of operation may include the use of

one or more infrared image processing algorithms and/or image processing techniques.

In various embodiments, the modes of operation refer to processing and/or display
functions of an infrared image, wherein for example an infrared imaging system is adapted to
process infrared sensor data prior to displaying the data to a user. In some embodiments,
infrared image processing algorithms are utilized to present an image under a variety of
conditions, and the infrared image processing algorithms provide the user with one or more
options to tune parameters and operate the infrared imaging system in an automatic mode or a
manual mode. In various aspects, the modes of operation are provided by infrared imaging

14
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system 100, and the concept of image processing for different use conditions may be
implemented in various types of vehicle applications and resulting use conditions, such as,
for example, land based applications, maritime applications, air flight applications, and space

applications.

As shown in FIG. 2A, the image is processed according to the determined mode of
operation (block 222). For example for an embodiment, a vehicle roof application may be
implemented, such as being mounted to cargo framework (e.g., a roof rack), and the image
may be processed to provide a basic monochrome display with optimal automatic gain
control (AGC) parameters selected, pedestrian detection enabled, and with the information
provided to a remote video display (e.g., within the vehicle via a wireless or wired
connection). In one or more embodiments, rather than a vehicle roof application, the infrared
imaging system (e.g., at least a portion of the infrared imaging system) may be implemented
in a vehicle hard mount application, such as being mounted to a rigid part of a vehicle (e.g.,
to or within a bumper, a fender, or a dashboard), with the image processed in a similar

fashion as the vehicle roof application.

In another embodiment, a cycle application may be implemented, such as being
mounted to handlebars or a front portion of the cycle (e.g., fender, forks, or other part of a
bicycle, motorcycle, or other two-to-four wheeled small, rideable vehicle), and the image
may be processed in a similar fashion as the vehicle roof application. Furthermore for one or
more embodiments, an animal and/or pedestrian alert processing may be enabled, as would
be understood by one skilled in the art, such that the infrared image data is processed and
algorithms are used to analyze the data for an animal, pedestrian, or other object that may
require an alert provided to a user or other action taken. For example, the animal and/or
pedestrian alert processing may be implemented using commercially available software and
implemented for any vehicle application (e.g., the vehicle roof application, the vehicle hard

mount application, or the cycle application).

In another embodiment, a maritime hard mount application may be implemented,
such as being mounted to a rigid part of a watercraft (e.g., to the front or other portion of a
boat), and the image may be processed according to various maritime mode processing
techniques. As an example, the processing may provide a red hue display (i.e., to minimize

degradation to a user’s night vision), with maritime AGC selections and other parameter
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settings and with the information provided to a remote video display (e.g., within the vehicle
via a wireless or wired connection, such as to a maritime controller). Furthermore for an
embodiment, the maritime hard mount application processing may be applied to a maritime
pan/tilt application (e.g., pan/tilt accessory hard mounted to a watercraft) and with pan/tilt

position information (e.g., data and controls) enabled.

In another embodiment, a handheld binocular may be implemented, such as a
handheld binocular optimized for marine applications, land-based applications, or other
applications as would be understood by one skilled in the art. For example for marine
applications, the image may be processed in a similar fashion as for the maritime hard mount
or pan/tilt application, while for land applications the image may be processed in a similar

fashion as one of the vehicle applications.

In another embodiment, a home maintenance application may be implemented, such
as a handheld tool attachment with a display, and the image may be processed for this
application. For example, the home maintenance application may provide a selection
between monochrome and color modes and various isotherms, an absolute temperature

readout, and image capture capability.

In another embodiment, a handheld application may be implemented for various uses,
such as being a handheld device for various sporting and camping activities, and the image
may be processed accordingly. For example, the handheld application may provide a
monochrome display, a terrestrial AGC mode, image capture enabled, and utilize a low
power mode of operation such as by disabling a shutter (e.g., utilize an external shutter
capability). The handheld application may also provide image processing in a similar fashion

as for the handheld binocular application as would be understood by one skilled in the art.

In another embodiment, a head-mounted application (e.g., attached to a helmet, a head
strap, or to glasses) may be implemented for various activities (e.g., walking, hiking, or
cycling), with the images processed and displayed on an associated display (e.g., handheld or
mounted to the cycle) or on a small display associated with the head mount (e.g., suspended
from the helmet or head strap or incorporated into the lens of the glasses. For example, the
head-mounted application may provide a selection between monochrome and color modes
and various isotherms, an absolute temperature readout, and image capture capability. As

another example, the head-mounted application may process the images in a similar fashion
16
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as the handheld application, the handheld binocular application (e.g., if the head-mounted
application provides stereo capability via two infrared detectors within image capture

component 130), or other desired modes.

In another embodiment, an aircraft application may be implemented, such as being
mounted to a rigid part of an aircraft, and the image may be processed according to various
aircraft mode processing techniques. As an example, the processing may provide a red hue
display (i.e., to minimize degradation to a user’s night vision), with aircraft AGC selections
and other parameter settings and with the information provided to a remote video display
(e.g., within the aircraft via a wireless or wired connection, such as to an aircraft controller).
Furthermore for an embodiment, the aircraft application processing may be applied to an
aircraft pan/tilt application (e.g., pan/tilt accessory hard mounted to the aircraft) and with

pan/tilt position information (e.g., data and controls) enabled.

It should be understood that the various applications are exemplary applications and
are not limiting, as would be understood by one skilled in the art, and represent various
examples of modes of operation that may be determined and implemented by the infrared
camera (e.g., infrared imaging system 100). For example for one or more embodiments, the
infrared camera may determine the mode of operation based on the type of infrared camera
mount being used (e.g., mechanical and/or electrical connections) and/or by the type of
electrical signals provided to the infrared camera (e.g., signal types or signals provided on
certain connection pins). As a specific example, the infrared camera may be modular and
configurable such that a user may easily attach the infrared camera to various types of mounts
(e.g., accessories) and, depending upon the mount, the infrared camera would configure itself

for the desired application associated with the mount and process the images accordingly.

Alternatively or in addition for one or more embodiments, the user may manually
select the desired application from a menu list of applications to place the infrared camera in
a desired mode of operation. Furthermore as an example for an embodiment, a user selected
mode (or application configuration) may be maintained by the infrared camera (regardless of
the type of mount attached) until the modular infrared camera is removed and attached to a
different mount, the user selects a different mode, and/or the user resets the infrared camera

such that the mode is determined by the type of mount attached.
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Additionally for one or more embodiments, a default mode of operation may be
provided, which may be used, for example, if no particular type of mount is determined and
no user selection is provided. For example, the modular infrared camera may be held by a
user or placed at a desired location (e.g., in a freeform of use) without a mount used, with the
infrared images provided to a separate device (e.g., wirelessly) for storing and/or displaying
the infrared images. The mode of operation may be automatically set by the modular infrared
camera to the default mode, which for example may be set to the same settings as for the
handheld application (e.g., as described herein) or to some other desired default settings
implemented. The separate device and the modular infrared camera may link wirelessly, for
example, as would be understood by one skilled in the art according to the specific, particular

wireless standard implemented (e.g., Bluetooth®, Wi-Fi®, or other wireless standards).

After the mode of operation is determined (block 218), the images may then be
processed and displayed (block 234) and/or stored (block 238, i.e., after processing or prior to

processing). Additionally, further processing may optionally be performed.

For example for an embodiment, a determination may be made as to whether to
display the processed image in a night mode (block 226). If yes, then processing component
110 configures display component 140 to apply a night color palette to the processed image
(block 230), and the processed image is displayed in night mode (block 234). In night mode,
an image may be displayed in a red palette or a green palette to improve night vision capacity
(e.g., to minimize night vision degradation) for a user. Otherwise, if night mode is not
considered necessary (block 226), then the processed image is displayed in a non-night mode

manner (e.g., black hot or white hot palette) (block 234).

In one aspect, processing component 110 may optionally store the processed image in
memory component 120 (block 238). In another aspect, processing component 110 may, at
any time, retrieve the processed image stored in memory component 120 and display the

processed image on display component 150 for viewing by a user.

In various embodiments, the night mode of displaying images refers to using a red
color palette or green color palette to assist the user or operator in the dark when adjusting to
low light conditions. During night operation of image capturing system 100, human visual
capacity to see in the dark may be impaired by the blinding effect of a bright image on a

display monitor. Hence, the night mode changes the color palette from a standard black hot
18
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or white hot palette to a red or green color palette display. Generally, the red or green color
palette is known to interfere less with human night vision capability. In one example, for a
red-green-blue (RGB) type of display, the green and blue pixels may be disabled to boost red
color for a red color palette. In one aspect, the night mode display may be combined with
any other mode of operation of infrared imaging system 100, and a default display mode of

infrared imaging system 100 at night may be the night mode display.

In various embodiments, processing component 110 may switch the processing mode
of a captured image in real time and change the displayed processed image from one mode,
corresponding to mode modules 112A-112N, to a different mode upon receiving input from
mode sensing component 160 and/or user input from control component 150. As such,
processing component 110 may switch a current mode of display to another different mode of
display for viewing the processed image by the user or operator on display component 140
depending on the input received from mode sensing component 160 and/or user input from
control component 150. This switching may be referred to as applying the infrared camera
processing techniques of mode modules 112A-112N for real time applications, wherein the
displayed mode may be switched while viewing an image on display component 140 based
on the input received from mode sensing component 160 and/or user input received from

control component 150.

FIG. 2B shows a method 250 for capturing and processing infrared images in
accordance with an embodiment. For purposes of simplifying discussion of FIG. 2B,
reference may be made to infrared imaging system 100 of FIG. 1 as an example of a system,
device or apparatus that may perform method 250. It should also be understood that method
250 may be applied, for example for one or more embodiments, as a maritime mode of
operation in the event that a maritime application is determined as the intended application
(or use) of infrared imaging system 100. Thus, method 250 may operate in conjunction with

method 200 or substituted for method 200 and various steps may be combined as appropriate.

Referring to FIG. 2B, an image (e.g., infrared image signal) is captured (block 260)
with infrared imaging system 100. In one embodiment, processing component 110 induces
(e.g., causes) image capture component 130 to capture an image, such as, for example, image

170. After receiving the captured image from image capture component 130, processing
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component 110 may optionally store the captured image in memory component 120 for

processing.

The captured image may optionally be pre-processed (block 264). In one
embodiment, pre-processing may include obtaining infrared sensor data related to the
captured image, applying correction terms, and/or applying temporal noise reduction to
improve image quality prior to further processing. In another embodiment, processing
component 110 may directly pre-process the captured image or optionally retrieve the
captured image stored in memory component 120 and then pre-process the image. Pre-

processed images may be optionally stored in memory component 120 for further processing.

A user selected mode of operation (e.g., as discussed in reference to FIG. 2A), a
default mode of operation (e.g., as discussed in reference to FIG. 2A), and/or a maritime
mode of operation may be obtained (block 268). In one embodiment, the selected maritime
mode of operation may comprise a user input control signal that may be obtained or received
from control component 150 (FIG. 1, e.g., control panel unit 500 of FIG. 5). In various
embodiments, the selected maritime mode of operation may be selected from at least one of
night docking, man overboard, night cruising, day cruising, hazy conditions, and shoreline
mode. As such, processing component 110 may communicate with control component 150 to
obtain the selected maritime mode of operation as input by a user. These modes of operation
are described in greater detail herein and may include the use of one or more infrared image

processing algorithms.

In one or more embodiments, mode of operation, including maritime mode of
operation, refer to preset settings, processing, and/or display functions for an infrared image,
and infrared imagers and infrared cameras are adapted to capture and process infrared sensor
data prior to displaying the data to a user. In general, display algorithms attempt to present
the scene (i.e., field of view) information in an effective way to the user. In some cases,
infrared image processing algorithms are utilized to present a good image under a variety of
conditions, and the infrared image processing algorithms provide the user with one or more
options to tune parameters and run the camera in “manual mode”. In one aspect, infrared
imaging system 100 may be simplified by hiding advanced manual settings. In another
aspect, the concept of preset image processing for different conditions may be implemented

in maritime applications.
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As shown in FIG. 2B, the image is processed in accordance with the selected
maritime mode of operation (block 272), in a manner as described in greater detail herein. In
one embodiment, processing component 110 may store the processed image in memory
component 120 for displaying. In another embodiment, processing component 110 may
retrieve the processed image stored in memory component 120 and display the processed

image on display component 150 for viewing by a user.

A determination is made as to whether to display the processed image in a night mode
(block 276), in a manner as described in greater detail herein. If yes, then processing
component 110 configures display component 140 to apply a night color palette to the
processed image (block 280), and the processed image is displayed in night mode (block
284). For example, in night mode (e.g., for night docking, night cruising, or other modes
when operating at night), an image may be displayed in a red palette or green palette to
improve night vision capacity for a user. Otherwise, if night mode is not necessary, then the
processed image is displayed in a non-night mode manner (e.g., black hot or white hot

palette) (block 284).

Furthermore in various embodiments, certain image features may be appropriately
marked (e.g., color-indicated or colorized, highlighted, or identified with other indicia), such
as during the image processing (block 272) or displaying of the processed image (block 284),
to aid a user to identify these features while viewing the displayed image. For example, as
discussed further herein, during a man overboard mode, a suspected person (e.g., or other
warm-bodied animal or object) may be indicated in the displayed image with a blue color (or
other color or type of marking) relative to the black and white palette or night color palette
(e.g., red palette). As another example, as discussed further herein, during a night time or
daytime cruising mode and/or hazy conditions mode, potential hazards in the water may be
indicated in the displayed image with a yellow color (or other color or type of marking) to aid
a user viewing the display. It should be appreciated that further details regarding image
colorization may be found, for example, in U.S. Patent 6,849,849, which is incorporated

herein by reference in its entirety.

In various embodiments, processing component 110 may switch the processing mode
of a captured image in real time and change the displayed processed image from one

maritime mode, corresponding to mode modules 112A-112N, to a different maritime mode
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upon receiving user input from control component 150. As such, processing component 110
may switch a current mode of display to a different mode of display for viewing the
processed image by the user or operator on display component 140. This switching may be
referred to as applying the infrared camera processing techniques of mode modules 112A-
112N for real time applications, wherein a user or operator may change the displayed mode
while viewing an image on display component 140 based on user input to control component

150.

FIGS. 3A-3E show block diagrams illustrating infrared processing techniques in
accordance with various embodiments. As described herein, infrared imaging system 100 is
adapted to switch between different maritime modes of operation so as to improve the

infrared images and information provided to a user or operator.

FIG. 3A shows one embodiment of an infrared processing technique 300 as described
in reference to block 272 of FIG. 2B. In one embodiment, the infrared processing technique
300 comprises a night docking mode of operation for maritime applications. For example,
during night docking, a watercraft or sea vessel is in the vicinity of a harbor, jetty, or marina,
which have proximate structures including piers, buoys, other watercraft, or other structures
on land. A thermal infrared imager (e.g., infrared imaging system 100) may be used as a
navigational tool in finding a correct docking spot. The infrared imaging system 100
produces an infrared image that assists the user or operator in docking the watercraft. There
is a high likelihood of hotspots in the image, such as dock lights, vents and running motors,

which may have a minimal impact on how the scene is displayed.

Referring to FIG. 3A, the input image is histogram equalized and scaled (e.g., 0-511)
to form a histogram equalized part (block 302). Next, the input image is linearly scaled (e.g.,
0-128) while saturating the highest and lowest (e.g., 1%) to form a linearly scaled part (block
304). Next, the histogram-equalized part and the linearly scaled part are added together to
form an output image (block 306). Next, the dynamic range of the output image is linearly
mapped to fit the display component 140 (block 308). It should be appreciated that the block
order in which the process 300 is executed may be executed in a different order without

departing from the scope of the present disclosure.

In one embodiment, the night docking mode is intended for image settings with large

amounts of thermal clutter, such as a harbor, a port, or an anchorage. The settings may allow
22
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the user to view the scene without blooming on hot objects. Hence, infrared processing
technique 300 for the night docking mode is useful for situational awareness in maritime

applications when, for example, docking a watercraft with low visibility.

In various embodiments, during processing of an image when the night docking mode
is selected, the image is histogram equalized to compress the dynamic range by removing
“holes” in the histogram. The histogram may be plateau limited so that large uniform areas,
such as sky or water components, are not given too much contrast. For example,
approximately 20% of the dynamic range of the output image may be preserved for a straight
linear mapping of the non-histogram equalized image. In the linear mapping, for example,
the lowest 1% of the pixel values are mapped to zero and the highest 1% of the input pixels
are mapped to a maximum value of the display range (e.g., 280). In one aspect, the final
output image becomes a weighted sum of the histogram equalized and linearly (with 1%

“outlier” cropping) mapped images.

FIG. 3B shows one embodiment of an infrared processing technique 320 as described
in reference to block 272 of FIG. 2B. In one embodiment, the infrared processing technique
320 comprises a man overboard mode of operation for maritime applications. For example,
in the man overboard mode, image capturing system 100 may be tuned to the specific task of
finding a person in the water. The distance between the person in the water and the
watercraft may not be known, and the person may be only a few pixels in diameter or
significantly larger if lying close to the watercraft. In one aspect, even t a person may be
close to the watercraft, the person may have enough thermal signature to be clearly visible,
and thus the man overboard display mode may target the case where the person has weak
thermal contrast and is far enough away so as to not be clearly visible without the aid of

image capturing system 100.

Referring to FIG. 3B, image capture component 130 (e.g., infrared camera) of image
capturing system 100 is positioned to resolve or identify the horizon (block 322). In one
embodiment, the infrared camera is moved so that the horizon is at an upper part of the field
of view (FoV). In another embodiment, the shoreline may also be indicated along with the
horizon. Next, a high pass filter (HPF) is applied to the image to form an output image
(block 324). Next, the dynamic range of the output image is linearly mapped to fit the
display component 140 (block 326). It should be appreciated that the block order in which

23
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the process 320 is executed may be executed in a different order without departing from the

scope of the present disclosure.

In one example, horizon identification may include shoreline identification, and the
horizon and/or shoreline may be indicated by a line (e.g., a red line or other indicia)
superimposed on a thermal image along the horizon and/or the shoreline, which may be
useful for user or operators to determine position of the watercraft in relation to the shoreline.
Horizon and/or shoreline identification may be accomplished by utilizing a real-time Hough
transform or other equivalent type of transform applied to the image stream, wherein this
image processing transform finds linear regions (e.g., lines) in an image. The real-time
Hough transform may also be used to find the horizon and/or shoreline in open ocean when,
for example, the contrast may be low. Under clear conditions, the horizon and/or shoreline
may be easy identified. However, on a hazy day, the horizon and/or shoreline may be

difficult to locate.

In general, knowing where the horizon and/or shoreline are is useful for situational
awareness. As such, in various embodiments, the Hough transform may be allied to any of
the maritime modes of operation described herein to identify the horizon and/or shoreline in
an image. For example, the shoreline identification (e.g., horizon and/or shoreline) may be
included along with any of the processing modes to provide a line (e.g., any type of marker,
such as a red line or other indicia) on the displayed image and/or the information may be used

to position the infrared camera’s field of view.

In one embodiment of the man overboard mode, signal gain may be increased to bring
out minute temperature differences of the ocean, such as encountered when looking for a
hypothermic body in a uniform ocean temperature that may be close to the person’s body
temperature. Image quality is traded for the ability to detect small temperature changes when
comparing a human body to ocean temperature. Thus, infrared processing technique 320 for
the man overboard mode is useful for situational awareness in maritime applications when,

for example, searching for a man overboard proximate to the watercraft.

In various embodiments, during processing of an image when the man overboard
mode is selected, a high pass filter is applied to the image. For example, the signal from the
convolution of the image by a Gaussian kernel may be subtracted. The remaining high pass

information is linearly stretched to fit the display range, which may increase the contrast of
24
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any small object in the water. In one enhancement of the man overboard mode, objects in the
water may be marked, and the system signals the watercraft to direct a searchlight at the
object. For systems with both visible and thermal imagers, the thermal imager is displayed.
For zoom or multi-FoV systems, the system is set in a wide FoV. For pan-tilt controlled
systems with stored elevation settings for the horizon, the system is moved so that the horizon

is visible just below the upper limit of the field of view.

In one embodiment, the man overboard mode may activate a locate procedure to
identify an area of interest, zoom-in on the area of interest, and position a searchlight on the
area of interest. For example, the man overboard mode may activate a locate procedure to
identify a position of a object (e.g., a person) in the water, zoom-in the infrared imaging
device (e.g., an infrared camera) on the identified object in the water, and then point a
searchlight on the identified object in the water. In various embodiments, these actions may
be added to process 250 of FIG. 2B and/or process 320 of FIG. 3B and further be adapted to
occur automatically so that the area of interest and/or location of the object of interest may be

quickly identified and retrieved by a crew member.

FIG. 3C shows one embodiment of an infrared processing technique 340 as described
in reference to block 272 of FIG. 2B. In one embodiment, the infrared processing technique
340 comprises a night cruising mode of operation for maritime applications. For example,
during night cruising, the visible channel has limited use for other than artificially illuminated
objects, such as other watercraft. The thermal infrared imager may be used to penetrate the
darkness and assist in the identification of buoys, rocks, other watercraft, islands and
structures on shore. The thermal infrared imager may also find semi-submerged obstacles
that potentially lie directly in the course of the watercraft. In the night cruising mode, the
display algorithm may be tuned to find objects in the water without distorting the scene (i.e.,

field of view) to the extent that it becomes useless for navigation.

In one embodiment, the night cruising mode is intended for low contrast situations
encountered on an open ocean. The scene (i.e., field of view) may be filled with a uniform
temperature ocean, and any navigational aids or floating debris may sharply contrast with the
uniform temperature of the ocean. Therefore, infrared processing technique 340 for the night

cruising mode is useful for situational awareness in, for example, open ocean.
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Referring to FIG. 3C, the image is separated into a background image part and a
detailed image part (block 342). Next, the background image part is histogram equalized
(block 344) and scaled (e.g., 0-450) (block 346). Next, the detailed image part is scaled (e.g.,
0-511) (block 348). Next, the histogram-equalized background image part and the scaled
detailed image part are added together to form an output image (block 350). Next, the
dynamic range of the output image is linearly mapped to fit the display component 140
(block 352). It should be appreciated that the block order in which the process 340 is
executed may be executed in a different order without departing from the scope of the present

disclosure.

In various embodiments, during processing of an image when the night cruising mode
is selected, the input image is split into detailed and background image components using a
non-linear edge preserving low pass filter (LPF), such as a median filter or by anisotropic
diffusion. The background image component comprises a low pass component, and the
detailed image part is extracted by subtracting the background image part from the input
image. To enhance the contrast of small and potentially weak objects, the detailed and
background image components may be scaled so that the details are given approximately
60% of the output/display dynamic range. In one enhancement of the night cruising mode,
objects in the water are tracked, and if they are on direct collision course as the current
watercraft course, they are marked in the image, and an audible alarm may be sounded. For
systems with both visible and thermal imager, the thermal imager may be displayed by

default.

In one embodiment, a first part of the image signal may include a background image
part comprising a low spatial frequency high amplitude portion of an image. In one example,
a low pass filter (e.g., low pass filter algorithm) may be utilized to isolate the low spatial
frequency high amplitude portion of the image signal (e.g., infrared image signal). In another
embodiment, a second part of the image signal may include a detailed image part comprising
a high spatial frequency low amplitude portion of an image. In one example, a high pass
filter (e.g., high pass filter algorithm) may be utilized to isolate the high spatial frequency low
amplitude portion of the image signal (e.g., infrared image signal). Alternately, the second
part may be derived from the image signal and the first part of the image signal, such as by

subtracting the first part from the image signal.
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In general for example, the two image parts (e.g., first and second parts) of the image
signal may be separately scaled before merging the two image parts to produce an output
image. For example, the first or second parts may be scaled or both the first and second parts
may be scaled. In one aspect, this may allow the system to output an image where fine
details are visible and tunable even in a high dynamic range scene. In some instances, as an
example, if an image appears less useful or degraded by some degree due to noise, then one
of the parts of the image, such as the detailed part, may be suppressed rather than amplified to

suppress the noise in the merged image to improve image quality.

FIG. 3D shows one embodiment of an infrared processing technique 360 as described
in reference to block 272 of FIG. 2B. In one embodiment, the infrared processing technique
360 comprises a day cruising mode of operation for maritime applications. For example,
during day cruising, the user or operator may rely on human vision for orientation
immediately around the watercraft. Image capturing system 100 may be used to zoom in on
objects of interest, which may involve reading the names of other watercraft, and searching

for buoys, structures on land, etc.

Referring to FIG. 3D, the image is separated into a background image part and a
detailed image part (block 362). Next, the background image part is histogram equalized
(block 364) and scaled (e.g., 0-511) (block 366). Next, the detailed image part is scaled 0-
255 (block 368). Next, the histogram-equalized background image part and the scaled
detailed image part are added together to form an output image (block 370). Next, the
dynamic range of the output image is linearly mapped to fit the display component 140
(block 372). It should be appreciated that the block order in which the process 360 is
executed may be executed in a different order without departing from the scope of the present

disclosure.

In one embodiment, the day cruising mode is intended for higher contrast situations,
such as when solar heating leads to greater temperature differences between unsubmerged or
partially submerged objects and the ocean temperature. Hence, infrared processing technique
360 for the day cruising mode is useful for situational awareness in, for example, high

contrast situations in maritime applications.

In various embodiments, during processing of an image when the day cruising mode

is selected, the input image is split into its detailed and background components respectively
27
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using a non-linear edge preserving low pass filter, such as a median filter or by anisotropic
diffusion. For color images, this operation may be achieved on the intensity part of the image
(e.g., Y ina YCrCb format). The background image part comprises the low pass component,
and the detailed image part may be extracted by subtracting the background image part from
the input image. To enhance the contrast of small and potentially weak objects, the detailed
and background image parts may be scaled so that the details are given approximately 35% of
the output/display dynamic range. For systems with both visible and thermal imagers the

visible image may be displayed by default.

FIG. 3E shows one embodiment of an infrared processing technique 380 as described
in reference to block 272 of FIG. 2B. In one embodiment, the infrared processing technique
380 comprises a hazy conditions mode of operation for maritime applications. For example,
even during daytime operation, a user or operator may achieve better performance from an
imager using an infrared (MWIR, LWIR) or near infrared (NIR) wave band. Depending on
vapor content and particle size, a thermal infrared imager may significantly improve visibility
under hazy conditions. If neither the visible nor the thermal imagers penetrate the haze,
image capturing system 100 may be set in hazy conditions mode under which system 100
attempts to extract what little information is available from the chosen infrared sensor. Under
hazy conditions, there may be little high spatial frequency information (e.g., mainly due, in
one aspect, to scattering by particles). The information in the image may be obtained from
the low frequency part of the image, and boosting the higher frequencies may drown the

image in noise (e.g., temporal and/or fixed pattern).

Referring to FIG. 3E, a non-linear edge preserving low pass filter (LPF) is applied to
the image (block 382). Next, the image is histogram equalized (block 384) and scaled (block
386) to form a histogram equalized output image. Next, the dynamic range of the output
image is linearly mapped to fit the display component 140 (block 388). It should be
appreciated that the block order in which the process 380 is executed may be executed in a

different order without departing from the scope of the present disclosure.

In various embodiments, during processing of an image when the hazy conditions
mode is selected, a non-linear, edge preserving, low pass filter, such as median or by
anisotropic diffusion is applied to the image (i.e., either from the thermal imager or the

intensity component of the visible color image). In one aspect, the output from the low pass
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filter operation may be histogram equalized and scaled to map the dynamic range to the

display and to maximize contrast of the display.

FIG. 3F shows one embodiment of an infrared processing technique 390 as described
in reference to block 272 of FIG. 2B. In one embodiment, the infrared processing technique

390 comprises a shoreline mode of operation for maritime applications.

Referring to FIG. 3F, the shoreline may be resolved (block 392). For example as
discussed previously, shoreline identification (e.g., horizon and/or shoreline) may be
determined by applying an image processing transform (e.g., a Hough transform) to the
image (block 392), which may be used to position the infrared camera’s field of view and/or
to provide a line (e.g., any type of marker, such as a red line(s) or other indicia on the
displayed image. Next, the image is histogram equalized (block 394) and scaled (block 396)
to form an output image. Next, the dynamic range of the output image is linearly mapped to
fit the display component 140 (block 398). It should be appreciated that the block order in
which the process 390 is executed may be executed in a different order without departing

from the scope of the present disclosure.

In one embodiment, the information produced by the transform (e.g., Hough
transform) may be used to identify the shoreline or even the horizon as a linear region for
display. The transform may be applied to the image in a path separate from the main video
path (e.g., the transform when applied does not alter the image data and does not affect the
later image processing operations), and the application of the transform may be used to detect
linear regions, such as straight lines (e.g., of the shoreline and/or horizon). In one aspect, by
assuming the shoreline and/or horizon comprises a straight line stretching the entire width of
the frame, the shoreline and/or horizon may be identified as a peak in the transform and may
be used to maintain the field of view in a position with reference to the shoreline and/or
horizon. As such, the input image (e.g., preprocessed image) may be histogram equalized
(block 394) and scaled (block 396) to generate an output image, and then the transform
information (block 392) may be added to the output image to highlight the shoreline and/or

horizon of the displayed image.

Moreover, in the shoreline mode of operation, the image may be dominated by sea
(i.e., lower part of image) and sky (i.e., upper part of image), which may appear as two peaks

in the image histogram. In one aspect, significant contrast is desired over the narrow band of
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shoreline, and a low number (e.g., relatively based on the number of sensor pixels and the
number of bins used in the histogram) may be selected for the plateau limit for the histogram
equalization. In one aspect, for example, a low plateau limit (relative) may reduce the effect
of peaks in the histogram and give less contrast to sea and sky while preserving contrast for

the shoreline and/or horizon regions.

FIG. 4 shows a block diagram illustrating a method 400 of implementing maritime
modes 410A-410E and infrared processing techniques related thereto, as described in
reference to one or more embodiments. In particular, a first mode refers to night docking
mode 410A, a second mode refers to man overboard mode 410B, a third mode refers to night
cruising mode 410C, a fourth mode refers to day cruising mode 410D, and a fifth mode refers

to hazy conditions mode 410E.

In one embodiment, referring to FIG. 4, processing component 110 of image
capturing system 100 of FIG. 1 may perform method 400 as follows. Sensor data (i.e.,
infrared image data) of a captured image is received or obtained (block 402). Correction
terms are applied to the received sensor data (block 404), and temporal noise reduction is

applied to the received sensor data (block 406).

Next, at least one of the selected modes 410A-410E may be selected by a user or
operator via control component 150 of image capturing system 100, and processing
component 110 executes the corresponding processing technique associated with the selected
maritime mode of operation. In one example, if night docking mode 410A is selected, then
the sensor data may be histogram equalized and scaled (e.g., 0-511) (block 420), the sensor
data may be linearly scaled (e.g., 0-128) saturating the highest and lowest (e.g., 1%) (block
422), and the histogram equalized sensor data is added to the linearly scaled sensor data for
linearly mapping the dynamic range to display component 140 (block 424). In another
example, if man overboard mode 410B is selected, then infrared capturing component 130 of
image capturing system 100 may be moved or positioned so that the horizon is at an upper
part of the field of view (FoV), a high pass filter (HPF) is applied to the sensor data (block
432), and the dynamic range of the high pass filtered sensor data is then linearly mapped to fit
display component 140 (block 434).

In another example, if night cruising mode 410C is selected, the sensor data is

processed to extract a faint detailed part and a background part with a high pass filter (block
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440), the background part is histogram equalized and scaled (e.g., 0-450) (block 442), the
detailed part is scaled (e.g., 0-511) (block 444), and the background part is added to the
detailed part for linearly mapping the dynamic range to display component 140 (block 446).
In another example, if day cruising mode 410D is selected, the sensor data is processed to
extract a faint detailed part and a background part with a high pass filter (block 450), the
background part is histogram equalized and scaled (e.g., 0-511) (block 452), the detailed part
is scaled 0-255 (block 454), and the background part is added to the detailed part for linearly
mapping the dynamic range to display component 140 (block 456). In still another example,
if hazy condition mode 410E is selected, then a non-linear low pass filter (e.g., median) is
applied to the sensor data (block 460), which is then histogram equalized and scaled for

linearly mapping the dynamic range to display component 140 (block 462).

For any of the maritime modes (e.g., blocks 410A-410E), the image data for display
may be marked (e.g., color coded, highlighted, or otherwise identified with indicia) to
identify, for example, a suspected person in the water (e.g., for man overboard) or a hazard in
the water (e.g., for night time cruising, day time cruising, or any of the other modes). For
example, as discussed herein, image processing algorithms may be applied (block 470) to the
image data to identify various features (e.g., objects, such as a warm-bodied person, water
hazard, horizon, or shoreline) in the image data and appropriately mark these features to
assist in recognition and identification by a user viewing the display. As a specific example,
a suspected person in the water may be colored blue, while a water hazard (e.g., floating

debris) may be colored yellow in the displayed image.

Furthermore for any of the maritime modes (e.g., blocks 410A-410E), the image data
for display may be marked to identify, for example, the shoreline (e.g., shoreline and/or
horizon). For example, as discussed herein, image processing algorithms may be applied
(block 475) to the image data to identify the shoreline and/or horizon and appropriately mark
these features to assist in recognition and identification by a user viewing the display. Asa
specific example, the horizon and/or shoreline may be outlined or identified with red lines on

the displayed image to aid the user viewing the displayed image.

Next, after applying at least one of the infrared processing techniques for maritime
modes 410A-410E, a determination is made as to whether to display the processed sensor

data in night mode (i.e., apply the night color palette) (block 480), in a manner as previously
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described. If yes, then the night color palette is applied to the processed sensor data (block
482), and the processed sensor data is displayed in night mode (block 484). If no, then the
processed sensor data is displayed in a non-night mode manner (e.g., black hot or white hot
palette) (block 484). It should be appreciated that, in night mode, sensor data (i.e., image
data) may be displayed in a red or green color palette to improve night vision capacity for a

user or operator.

FIG. 5 shows a block diagram illustrating one embodiment of control component 150
of infrared imaging system 100 for selecting between different maritime modes of operation,
as previously described in reference to FIGS. 1-4. In one embodiment, control component
150 of infrared imaging system 100 may comprise a user input and/or interface device, such
as control panel unit 500 (e.g., a wired or wireless handheld control unit) having one or more
push buttons 510, 520, 530, 540, 550, 560, 570 adapted to interface with a user and receive
user input control values and further adapted to generate and transmit one or more input
control signals to processing component 100. In various other embodiments, control panel
unit 500 may comprise a slide bar, rotatable knob to select the desired mode, keyboard, touch

screen display, etc., without departing from the scope of the present disclosure.

In various embodiments, a plurality of push buttons 510, 520, 530, 540, 550, 560, 570
of control panel unit 500 may be utilized to select between various maritime modes of
operation as previously described in reference to FIGS. 1-4. In various embodiments,
processing component 110 may be adapted to sense control input signals from control panel
unit 500 and respond to any sensed control input signals received from push buttons 510,
520, 530, 540, 550, 560, 570. Processing component 110 may be further adapted to interpret
the control input signals as values. In various other embodiments, it should be appreciated
that control panel unit 500 may be adapted to include one or more other push buttons (not
shown) to provide various other control functions of infrared imaging system 100, such as
auto-focus, menu enable and selection, field of view (FoV), brightness, contrast, and/or
various other features. In another embodiment, control panel unit 500 may comprise a single
push button, which may be used to select each of the maritime modes of operation 510, 520,

530, 540, 550, 560, 570.

In another embodiment, control panel unit 500 may be adapted to be integrated as part

of display component 140 to function as both a user input device and a display device, such
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as, for example, a user activated touch screen device adapted to receive input signals from a
user touching different parts of the display screen. As such, the GUI interface device may
have one or more images of, for example, push buttons 510, 520, 530, 540, 550, 560, 570
adapted to interface with a user and receive user input control values via the touch screen of
display component 140. As another example, control panel unit 500 may have one or more
user input touch screen push buttons to selected a desired mode of operation (e.g., application

or configuration (e.g., as discussed in reference to FIG. 2A).

In one embodiment, referring to FIG. 5, a first push button 510 may be enabled to
select the night docking mode of operation, a second push button 520 may be enabled to
select the man overboard mode of operation, a third push button 530 may be enabled to select
the night cruising mode of operation, a fourth push button 540 may be enabled to select the
day cruising mode of operation, a fifth push button 550 may be enabled to select the hazy
conditions mode of operation, a sixth push button 560 may be enabled to select the shoreline
mode of operation, and a seventh push button 570 may be enabled to select or turn the night
display mode (i.e., night color palette) off. In another embodiment, a single push button for
control panel unit 500 may be used to toggle each of the maritime modes of operation 510,

520, 530, 540, 550, 560, 570 without departing from the scope of the present disclosure.

FIGS. 6A-6B show various views of an infrared camera 600 adapted for capturing and
processing infrared images, in accordance with one or more embodiments. In one
embodiment, infrared camera 600 includes a housing 602 and one or more of the functional
components of infrared imaging system 100 of FIG. 1. For example, housing 602 may
include a hard shell structure with a hollow interior portion adapted to encapsulate the

internal components including the processing components of infrared camera 600.

In one example, infrared camera 600 includes an image capture component 630
having the functional capabilities of image capture component 130 (e.g., representing a lens,
an infrared detector, and associated components) of infrared imaging system 100 and a
communication component 652 (e.g., representing an antenna and associated transceiver
components) having the functional capabilities of image capture component 152 of infrared

imaging system 100.

In another example, as shown in FIG. 6B, infrared camera 600 includes a mode

sensing component 660 having, for example, the functional capabilities of mode sensing
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component 160 of infrared imaging system 100. For example, mode sensing component 660
may sense the type of mount infrared camera 600 is coupled to such that infrared camera 600
may reconfigure and apply the appropriate processing techniques (e.g., as discussed herein in
reference to FIG. 2A). In one or more embodiments, the mode sensing component 660 is
contoured to be selectively adaptable for mounting or coupling to different adapters or
docking stations for varied use in reference to different embodiments, as described herein. In
general as discussed herein for one or more embodiments, mode sensing component 660 may
be implemented to engage or sense a mechanical triggering mechanism, an electronic
triggering mechanism, and electro-mechanical triggering mechanism, or some combination

thereof for determining the appropriate mode of operation.

As a further example, infrared camera 600 may include one or more input devices
604, which may represent one or more user-input devices and/or one or more electrical
connectors (e.g., representing at least a portion of mode sensing component 160). As a
specific example, input device 604 may represent a power button for a user to switch on/off
infrared camera 600 and/or may represent other user-input controls corresponding to control
component 150. As another specific example, input device 604 may represent one or more
electrical connectors through which various electrical signals may be transmitted and/or
received, such as for example to provide image signals to an associated display, to receive
power, and/or to receive an electrical signal for mode sensing component 160 to indicate the

type of application such that the appropriate mode of operation may be applied.

FIGS. 7A-7C show various views of a monitor 700 for displaying infrared images, in
accordance with one or more embodiments. In one embodiment, infrared camera 600 may
utilize an infrared monitor 700 to display captured and/or processed images. In one example,
infrared monitor 700 includes a liquid crystal display (LCD) screen 740 having the functional
capabilities of display component 140 of infrared imaging system 100 and may further

function as a touch screen as discussed herein.

In another embodiment, referring to FIG. 7B, infrared monitor 700 may include a
communication component 752 for remote display of captured and/or processed images from
infrared camera 700. In one aspect, communication component 752 represents an antenna
(e.g., including transceiver and associated components) and has the functional capabilities of

communication component 152 of infrared imaging system 100. In another aspect,
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communication component 752 of infrared monitor 700 is adapted to communicate with
communication component 652 of infrared camera 600 via wireless network (e.g., using one
or more known wireless communication standards). For example for an embodiment,
monitor 700 may represent a smart phone, a tablet, or other type of wired or wireless display
device that may receive infrared image data and may further transmit user control signals or

other information to infrared camera 600.

Referring to FIG. 7C, infrared camera 600 may remotely display captured and/or
processed images on infrared monitor 700 as a vehicle accessory in a vehicle, such as an
automobile, in a wired or wireless configuration with infrared camera 600. As shown in FIG.
7C, infrared monitor 700 may be hard mounted on, clipped to, or otherwise attached to a dash
(or other portion) of a vehicle within view of a user, such as a driver and/or passenger of the
vehicle. In another embodiment, the infrared camera 600 may include a direct wireless
connection to a mobile communication device, such as a mobile cell phone, a smart phone, a
tablet, a personal digital assistant, or a laptop computer to use the display of the mobile

communication device to display the infrared images.

FIGS. 8A-8D show various views of a first adapter 800 for coupling infrared camera
600 of FIGS. 6A-6B to a first vehicle, such as a land based vehicle, or portion thereof, in
accordance with one or more embodiments. In one aspect, first adapter 800 may be referred
to as a first docking station (e.g., accessory or mount) adapted for use with a first vehicle

embodiment, as described herein.

In one embodiment, referring to FIGS. 8A-8B, first adapter 800 includes a base
portion 810, a platform portion 820, and a locking mechanism 830. Base portion 810 and
platform portion 820 may be integrated into a single rigid structure capable of supporting
infrared camera 600 while being secured to a vehicle. Base portion 810 includes a mounting
aperture 812 for securing first adapter 800 to a vehicle or portion thereof, such as a roof rack

or handlebars of a cycle.

Referring to FIG. 8C, platform 820 of first adapter 800 is contoured to receive
infrared camera 600 for secure attachment to first adapter 800. Platform 820 includes a
mounting recess 8§22 adapted to receive mode sensing component 660 of infrared camera 600.
In one aspect, infrared camera 600 is mounted to platform 820 of first adapter 800 by

coupling mode sensing component 660 to mounting recess 822 of first adapter 800, which
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provides a mode sensing signal to processing component 110 of infrared camera 600 for
determining the mode of operation, such as being mounted to a land based vehicle or portion

thereof.

Locking mechanism 830 includes, in one embodiment, a fastening screw adapted to
provide a clamping effect to an object positioned in mounting aperture 812 so as to securely
fasten first adapter 800 to the object. For example, referring to FIG. 8D, infrared camera 600
may be mounted to first adapter 800, and the mounted combination may be mounted to a
vehicle or portion thereof, such as a roof rack of the vehicle. Alternatively or in addition,
locking mechanism 830 may function to secure infrared camera 600 to first adapter 800, such

as by locking mechanism 830 engaging with a portion of mode sensing component 660.

In one embodiment, first adapter 800 may include a mode locking mechanism adapted
to provide a coupling effect to mode sensing component 660 when infrared camera 600 is
positioned in mounting recess 822 of base portion 810. The mode locking mechanism may
include a triggering mechanism that provides a mode sensing signal to processing component
110 of infrared camera 600 for determining the mode of operation when mode sensing

component 660 is coupled with mounting recess 822 of first adapter 800.

FIGS. 9A-9D show various views of a second adapter 900 for coupling infrared
camera 600 of FIGS. 6A-6B to a second vehicle, such as a watercraft, or portion thereof, in
accordance with one or more embodiments. In one aspect, the second adapter 900 may be
referred to as a second docking station adapted for use with a second vehicle embodiment, as
described herein. Second adapter 900 may include a pan/tilt mechanism or may be adapted to

couple to a pan/tilt mechanism, in accordance with one or more embodiments.

In one embodiment, referring to FIGS. 9A-9B, second adapter 900 includes a base
portion 910, a platform portion 920, mounting portion 924, and a locking mechanism 930.
Base portion 910 and platform portion 920 may be integrated into a single rigid structure
capable of supporting infrared camera 600 while being secured to a vehicle. Base portion
910 includes a mounting aperture 912 for securing second adapter 900 to a vehicle or portion
thereof, providing an electrical connection, and/or provide mode sensing component 660 with

information as to the appropriate mode, in accordance with one or more embodiments.
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Referring to FIGS. 9B-9C, platform 920 of second adapter 900 is contoured to receive
infrared camera 600 for secure attachment to second adapter 900. Platform 920 includes a
mounting recess 922 adapted to receive mode sensing component 660 of infrared camera 600.
In one aspect, infrared camera 600 is mounted to platform 920 of second adapter 900 by
coupling mode sensing component 660 to mounting recess 922 and/or mounting aperture 912
of second adapter 900, which provides a mode sensing signal to processing component 110 of
infrared camera 600 for determining the mode of operation, such as being mounted to a

watercraft or portion thereof.

Locking mechanism 930 includes, in one embodiment, a fastening screw adapted to
provide a fastening effect to an object positioned under mounting portion 924 so as to
securely fasten second adapter 900 to the object. Mounting portion 924 is adapted to couple
with mounting recess 922 of base portion 910 and provide a clamping effect to base portion
910 when secured to an object. For example, referring to FIG. 9D, infrared camera 600 may
be mounted to second adapter 900, and the mounted combination may be mounted to a
vehicle or portion thereof, such as the bow of a watercraft. Alternatively or in addition,
locking mechanism 930 may function to secure infrared camera 600 to second adapter 900,

such as by locking mechanism 930 engaging with a portion of mode sensing component 660.

In one embodiment, second adapter 900 may include a mode locking mechanism
adapted to provide a coupling effect to mode sensing component 660 when infrared camera
600 is positioned in mounting recess 922 and/or mounting aperture 912 of base portion 910.
The mode locking mechanism may include a triggering mechanism that provides a mode
sensing signal to processing component 110 of infrared camera 600 for determining the mode
of operation when mode sensing component 660 is coupled with mounting recess 922 and/or

mounting aperture 912 of second adapter 900.

FIGS. 10A-10D show various views of a third adapter 1000 for coupling infrared
camera 600 of FIGS. 6A-6B to a handheld device or tool, in accordance with one or more
embodiments. In one aspect, the third adapter 1000 may be referred to as a third docking

station adapted for use with a handheld embodiment, as described herein.

In one embodiment, referring to FIGS. 10A-10B, third adapter 1000 includes a base
portion 1010, an enclosure 1020, and a handle 1040. Base portion 1010, enclosure 1020, and
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handle 1040 may be integrated into a single rigid structure capable of supporting and securing

infrared camera 600 while in use.

Referring to FIG. 10A, base portion 1010 includes a mounting channel 1012 and
enclosure 1020 includes a mounting cavity 1022 for securing infrared camera 600 to third
adapter 1000. Referring to FIG. 10B, handle 1040 includes a user-activated trigger 1042
(e.g., for receiving various user input control signals) and enclosure 1020 may include a
monitor 1050, such as, for example, an LCD monitor. In one aspect, trigger 1042 is adapted
to power up infrared camera 600 and monitor 1050 upon user activation, such as by a user

pressing trigger 1042, for viewing of infrared images with monitor 1050.

Referring to FIG. 10C, enclosure 1020 of third adapter 1000 is contoured to receive
infrared camera 600 within mounting cavity 1022 for secure attachment to third adapter 1000.
Base 1010 includes mounting channel 1012 adapted to receive mode sensing component 660
of infrared camera 600. In one aspect, infrared camera 600 is mounted to base portion 1010
and enclosure 1020 of third adapter 1000 by coupling (e.g., sliding) housing 602 within
enclosure 1020 and by coupling (e.g., sliding) mode sensing component 660 within mounting
channel 1012 of third adapter 1000, which provides a mode sensing signal to processing
component 110 of infrared camera 600 for determining the mode of operation, such as being

mounted to a land based vehicle or portion thereof.

In one embodiment, third adapter 1000 may include a mode locking mechanism
adapted to provide a coupling effect to housing 602 and/or mode sensing component 660
when infrared camera 600 is positioned in enclosure 1022 and/or mounting channel 1012,
respectively, so as to securely fasten infrared camera 600 to third adapter 1000. For example,
referring to FIGS. 10C-10D, infrared camera 600 may be mounted to third adapter 1000 and
the mounted combination may be held by a user via handle 1040. The mode locking
mechanism may include a triggering mechanism that provides a mode sensing signal to
processing component 110 of infrared camera 600 for determining mode of operation when

mode sensing component 660 is coupled with enclosure 1022 and/or mounting channel 1012.

In one embodiment, a dual mounted infrared camera may provide stereo vision for
real night navigation capability. Infrared vision by dual mounted cameras may be configured

to provide peripheral vision to reduce the limitations of darkness prohibiting activities.
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In another embodiment, the modular infrared camera system may include a direct
wireless connection to a mobile communication device, such as a mobile cell phone or other
type of wireless device, for display and therefore, third adapter 1000 may optionally not
include monitor 1050. In another embodiment, the modular infrared camera system may be
configured to be worn on a user’s head with a head securing device, such as a helmet or head
strap. Also, a display device, such as an LCD, may be incorporated into eye wear, such as
goggles or eyeglasses, with a direct wireless connection to the head-mounted modular

infrared camera system for display via the eye wear.

Where applicable, various embodiments of the invention may be implemented using
hardware, software, or various combinations of hardware and software. Where applicable,
various hardware components and/or software components set forth herein may be combined
into composite components comprising software, hardware, and/or both without departing
from the scope and functionality of the present disclosure. Where applicable, various
hardware components and/or software components set forth herein may be separated into
subcomponents having software, hardware, and/or both without departing from the scope and
functionality of the present disclosure. Where applicable, it is contemplated that software

components may be implemented as hardware components and vice-versa.

Software, in accordance with the present disclosure, such as program code and/or
data, may be stored on one or more computer readable mediums. It is also contemplated that
software identified herein may be implemented using one or more general purpose or specific
purpose computers and/or computer systems, networked and/or otherwise. Where applicable,
ordering of various steps described herein may be changed, combined into composite steps,

and/or separated into sub-steps to provide features described herein.

In various embodiments, software for mode modules 112A-112N may be embedded
(i.e., hard-coded) in processing component 110 or stored on memory component 120 for
access and execution by processing component 110. In one aspect, code (e.g., software
and/or embedded hardware) for mode modules 112A-112N may be adapted to define preset
display functions that allow processing component 100 to automatically switch between

various processing techniques for sensed modes of operation, as described herein.

Embodiments described above illustrate but do not limit the disclosure. It should also

be understood that numerous modifications and variations are possible in accordance with the
39
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1 principles of the present disclosure. Accordingly, the scope of the disclosure is defined only

2 by the following claims.
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CLAIMS

What is Claimed is:

1. An infrared camera system comprising:

an image capture component adapted to capture an infrared image; and

a mode sensing component adapted to automatically sense an intended application for
the infrared camera system corresponding to a mode of operation and provide a first control

signal indicative of the sensed mode of operation for processing the infrared image.

2. The system of claim 1, wherein if the sensed mode of operation comprises a
vehicle or cycle application, then the captured image is to be processed to provide a basic
monochrome display with selected automatic gain control parameters and pedestrian and/or

animal detection enabled.

3. The system of claim 1, wherein if the sensed mode of operation comprises a
maritime application, then the captured image is to be processed to provide a red hue display

and with maritime automatic gain control selections.

4. The system of claim 1, wherein if the sensed mode of operation comprises a
handheld application or a default mode of operation, then the captured image is to be

processed to provide an absolute temperature readout and/or a low power mode of operation.

5. The system of claim 1, comprising:

a processing component adapted to receive the first control signal from the mode
sensing component, process the captured infrared image according to the sensed mode of
operation, and generate a processed infrared image;

a memory component adapted to store the processed infrared image; and

a display component adapted to display the processed infrared image in at least one of

a black hot palette, a white hot palette, a red color palette, and a green color palette.
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6. The system of claim 1, comprising:

a processing component adapted to receive the first control signal from the mode
sensing component, process the captured infrared image according to the sensed mode of
operation, and generate a processed infrared image;

a memory component adapted to store the processed infrared image;

a display component adapted to display the processed infrared image; and

an environmental sensing component adapted to provide environmental information

to the processing component.

7. The system of claim 1, comprising:

a processing component adapted to receive the first control signal from the mode
sensing component, process the captured infrared image according to the sensed mode of
operation, and generate a processed infrared image;

a memory component adapted to store the processed infrared image;

a control component adapted to provide a plurality of selectable processing modes to
a user, receive a user input corresponding to a user selected processing mode, and generate a
second control signal indicative of the user selected processing mode; and

wherein the processing component is adapted to receive the second control signal
from the control component, process the captured infrared image according to the user
selected processing mode, and generate the processed infrared image according to the user

selected processing mode.

8. The system of claim 7, wherein the plurality of selectable processing modes
includes a night docking mode that causes the processing component to histogram equalize
and scale the captured infrared image to generate the processed infrared image according to

the user selected processing mode.

9. The system of claim 7, wherein the plurality of selectable processing modes
includes a man overboard mode that causes the processing component to apply a high pass
filter to the captured infrared image to generate the processed infrared image according to the

user selected processing mode.
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10. The system of claim 7, wherein the plurality of selectable processing modes
includes a night cruising mode that causes the processing component to extract a detailed part
and a background part from the captured infrared image, separately scale the detailed part,
separately histogram equalize and scale the background part, and add the detailed part to the
background part to generate the processed infrared image according to the user selected

processing mode.

11. The system of claim 7, wherein the plurality of selectable processing modes
includes a day cruising mode that causes the processing component to extract a detailed part
and a background part from the captured infrared image, separately scale the detailed part,
separately histogram equalize and scale the background part, and add the detailed part to the
background part to generate the processed infrared image according to the user selected

processing mode.

12. The system of claim 7, wherein the plurality of selectable processing modes
includes a hazy conditions mode that causes the processing component to apply a non-linear
low pass filter on the captured infrared image, and then histogram equalize and scale the
filtered image to generate the processed infrared image according to the user selected

processing mode.

13. The system of claim 7, wherein the plurality of selectable processing modes
includes a shoreline mode that causes the processing component to apply a Huff or Hough
transform operation to the captured infrared image to generate the processed infrared image

according to the user selected processing mode.

14. A method of processing an infrared image, the method comprising:

sensing an intended application of use for an infrared detector corresponding to a
mode of operation;

setting the mode of operation for processing the infrared image; and

capturing the infrared image.
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15. The method of claim 14, comprising:

processing the captured infrared image according to the sensed mode of operation;

generating a processed infrared image based on the sensed mode of operation;

storing and/or displaying the processed infrared image;

wherein the sensing an intended application comprises sensing a vehicle or cycle
application, and

wherein the processing the captured infrared image comprises providing a basic
monochrome display with selected automatic gain control parameters and pedestrian and/or

animal detection enabled.

16. The method of claim 14, comprising:

processing the captured infrared image according to the sensed mode of operation;

generating a processed infrared image based on the sensed mode of operation;

storing and/or displaying the processed infrared image;

wherein the sensing an intended application comprises sensing a maritime application,
and

wherein the processing the captured infrared image comprises providing a red hue

display and with maritime automatic gain control selections.

17. The method of claim 14, comprising:

transmitting the captured infrared image;

processing the captured infrared image according to the sensed mode of operation;

generating a processed infrared image based on the sensed mode of operation;

storing and/or displaying the processed infrared image;

wherein the sensing an intended application comprises sensing a handheld application
or a default application, and

wherein the processing the captured infrared image comprises providing an absolute

temperature readout and a low power mode of operation.
18. The method of claim 14, comprising displaying the captured infrared image, and

wherein the displaying the infrared image comprises displaying the infrared image in at least

one of a black hot palette, a white hot palette, a red color palette, and a green color palette.
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19. The method of claim 14, comprising:

processing the captured infrared image according to the sensed mode of operation;

generating a processed infrared image based on the sensed mode of operation;

storing at least one of the captured infrared image and the processed infrared image;
and

sensing environmental conditions for processing the captured infrared image

according to the sensed environmental conditions.

20. The method of claim 14, comprising:

providing a plurality of selectable processing modes to a user;

processing the captured infrared image according to the user selected processing
mode;

generating the processed infrared image according to the user selected processing
mode; and

displaying the processed infrared image according to the user selected processing

mode.

21. The method of claim 20, wherein the plurality of selectable processing modes
includes at least one of:

a night docking mode, wherein processing the captured infrared image includes
histogram equalizing and scaling the captured infrared image to generate the processed
infrared image;

a man overboard mode, wherein processing the captured infrared image includes
applying a high pass filter to the captured infrared image to generate the processed infrared
image;

a night cruising mode, wherein processing the captured infrared image includes
extracting a detailed part and a background part from the captured infrared image, separately
scaling the detailed part, separately histogram equalizing and scaling the background part,
and adding the detailed part to the background part to generate the processed infrared image;

a day cruising mode, wherein processing the captured infrared image includes
extracting a detailed part and a background part from the captured infrared image, separately
scaling the detailed part, separately histogram equalizing and scaling the background part,

and adding the detailed part to the background part to generate the processed infrared image;
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a hazy conditions mode, wherein processing the captured infrared image includes
applying a non-linear low pass filter on the captured infrared image, and then histogram
equalizing and scaling the filtered image to generate the processed infrared image; and

a shoreline mode, wherein processing the captured infrared image includes applying
at least a Huff or Hough transform operation on the captured infrared image to generate the

processed infrared image.

22. A computer-readable medium on which is stored non-transitory information for
performing a method, the method comprising:

capturing an infrared image with an infrared camera;

sensing an intended application of use for the infrared camera corresponding to a
mode of operation of the infrared camera;

processing the captured infrared image according to the sensed mode of operation;

generating a processed infrared image based on the sensed mode of operation; and

storing the processed infrared image.

23. The computer-readable medium of claim 22, wherein sensing an intended
application comprises sensing a vehicle application, a maritime application, or a handheld

application.

24. The computer-readable medium of claim 23, wherein if the mode of operation is
the maritime application mode of operation, then the method comprises:

providing a plurality of selectable processing maritime modes to a user;

processing the captured infrared image according to the user selected processing
mode; and

generating the processed infrared image according to the user selected processing

mode.

25. The computer-readable medium of claim 22, wherein the selectable processing

maritime modes includes a night cruising mode and a day cruising mode.

46



WO 2012/116112

170

1/25

A

PCT/US2012/026187

Mode Sensing
Component

160
v

130
Image Capture
~Component
150\
Control <_
Component
110\
120\
Memory > Processing
Component > Component
152 .
\ — Mode Module 1
Communication 112A
‘Component

Mode Module 2
112B

Mode Module N
112N

Fig. 1

Display
Component

140
f

Other Sensing
Components

162
)




WO 2012/116112

200X

2/25

Capture
Image

210
/

/214
Pre-Process
Image

A

/218
Determine
Mode of Operation
v 222
Process Image /

According to Determined
Mode of Operation

226

Night Mode?

230\
Apply
Night Color Palette
234\
Display

Processed Image

Store
Processed Image

238
/

Fig. 2A

PCT/US2012/026187



WO 2012/116112

ZSOE

260
Capture /
Image
A 4
264
Pre-Process /
Image
Y
268
Obtain Selected S
Mode of Operation
A4
272

Process Image
According to Selected
Mode of Operation

Night Mode?

280
\

Apply
Night Color Palette

284
\

Display
Processed Image

Fig. 2B

PCT/US2012/026187



WO 2012/116112 PCT/US2012/026187

4/25

300 \4 320 X

Night Docking Mode Man Overboard Mode
302 322
Histogram Equalize / Resolve /
Image Horizon
A Y
304 ' 324
Linearly Scale / Apply f
Image High Pass Fliter
Y
Add Histogram /306 Y f326
: ap
Equalized Part and Dvnamic Range
Linearly Scaled Part y g
A
308
Map /
Dynamic Range

Fig. 3A | Fig. 3B



WO 2012/116112

340 l

Night Cruising Mode

Separate Image into
Detailed Part and
Background Part

342

y

Histogram Equalize
Background Part

344
J

h 4

Scale
Background Part
0-450

346
S

A

Scale
Detailed Part
0-511

348
/

A

Add
Background Part and
Detailed Part

350

Map
Dynamic Range

352
S

Fig. 3C

5/25

PCT/US2012/026187

360 \{

Day Cruising Mode

Separate Image into
Detailed Part and
Background Part

362

Histogram Equalize
Background Part

364
J

Y

Scale
Background Part
0-511

366
s

Y

Scale
Detailed Part
0-255

368
J

Add
Background Part and
Detailed Part

370
J

4

Map
Dynamic Range

372

Fig. 3D



WO 2012/116112 PCT/US2012/026187

6/25

380 \4 390 \4

Hazy Conditions Mode Shoreline Mode
382 392
Apply S
Non-Linear SRheoSerGe
Low Pass Filter
A A
/384 /394
Histogram Equalize - Histogram Equalize
Image Image
Y A
386 396
Scale I Scale f
Image Image
A 4
388 398
Map / Map /
Dynamic Range Dynamic Range

Fig. 3E Fig. 3F



[OZ

PCT/US2012/026187

7/25

WO 2012/116112

Jpusinin
aw] Aeq

aoiv

&Businiy
auwi] JY6IN

4 /oo:q

pieoqisn

0oy \

uoIpNpay asION

A

jejodwa] Alddy

/mov

swis]
uotpa1Io) Addy

1291%

¥ "B
apsied 100D POy yBI abew|
6 P ZoPolN WBIN <
sbew; Aedsig (pex) 3yBIN Addy N oA ul wajsAs §) I sHieious eateIe /omv
vy 8y o?\ sty A
Ae|dsip 314 0} abuel Aeidsip 34 03 ebues
oiwreuAp dew / SiureuAp dew e mwcw_am__u«_o, .
Auzesuy pue siejep| “OGt Areauy pue sjiejop o P /v@
pue i63peq ppy pue “J6xeq ppy | | HesUr
121474
1 f i
abue. ojueUA]
Aeydsip 14 01 w_m_Mw L15-0 9[eos 050 S[eos 194 >NMMMW.\MM MMW_E
pue szjenby §5¢-0 |1L2s pue szenby | | |1G-0 8eds pue zenbs ssed ybiH Addy / Aesuy pue tma
weibojsiH weboisiH we.Boysi ' [44 Teauy pue 34 ppy | 7CV
4 » * A A A
N@V\ vmv\ sieleq nc:ﬂ@bmm_ 474% m__mu_oo p c:o__.mv_omm_ //va 1 j
|
- S o s | [ ] [ o o
x9) Iy ssed moj "buE Sie1s ‘bue siers e S| uoziioy jey 6 : pue azjenba
Jeauy uou Addy PUE SiEIop PUE SIE}ep 0S BISWED SN0} UBBIMES 8zl weibojs|
. Jurey ﬁmem_ ey sgxm_ -0 o[eos fjesur] IH
soA /om# o sy oy ovp ocr” e v’ »h%; m>b oz

coy



WO 2012/116112 PCT/US2012/026187
500 E
510 \\ 520 \‘ 530 \\
< < <
Select / Select Select
Night Docking Man Overboard Night Cruising
Mode Mode Mode
Select Select Select
Day Cruising Hazy Conditions Shoreline
Mode Mode Mode
1 ! 1
540/ 550 / 560 /
Night Display Off
f
570/

Fig. 5




PCT/US2012/026187

WO 2012/116112

9/25

Infrared Camera — Front View

. BA

Fig



o

PCT/US2012/026187

WO 2012/116112

10/25

Infrared Camera — Rear View

.

. 6B

I9

F.'



PCT/US2012/026187

WO 2012/116112

11/25

Infrared Monitor — Front View




PCT/US2012/026187

WO 2012/116112

12/25

Infrared Monitor — Rear View

. 7B

9

F



WO 2012/116112 PCT/US2012/026187

13/25

Infrared Monitor — Vehicle Accessory

Fig. 7C



PCT/US2012/026187

WO 2012/116112

14/25

Vehicle Mount — Car Accessory




PCT/US2012/026187

s

S

‘,

e

i

; s

i g
e

e

e X %ﬁ&vw .

-

i

8B

15/25

Vehicle Mount — Car Accessory

L
e

o

o

Seta

g

F

WO 2012/116112

o

S

- .
o
.
.

o

i
%

e KRS



PCT/US2012/026187

16/25

Vehicle Mount and Camera — Car Accessory

WO 2012/116112

.

s

yww,x

.




WO 2012/116112 PCT/US2012/026187

17/25

Vehicle Mount and Camera — Car Accessory

Fig. 8D



PCT/US2012/026187

S
L

T

o

: .

ARSI
i

\z >
.
o

18/25

. 9A

9

F

Vehicle Mount — Boat Accessory

WO 2012/116112

.
-
-

.
| o

S




PCT/US2012/026187

WO 2012/116112

19/25

Vehicle Mount — Boat Accessory

. 9B

I9

F



PCT/US2012/026187

WO 2012/116112

20/25

Vehicle Mount and Camera — Boat Accessory

ig. 9C

F



PCT/US2012/026187

WO 2012/116112

21/25

Vehicle Mount and Camera — Boat Accessory

Fig. 9D



PCT/US2012/026187

WO 2012/116112

22/25

Handheld Mount

o o
e

. 10A

19

F



PCT/US2012/026187

WO 2012/116112

23/25

Handheld Mount and Camera — Monitor View

.10B

9

F



PCT/US2012/026187

WO 2012/116112

24/25

Handheld Mount and Camera — Lens View

.10C

19

F



PCT/US2012/026187

25/25

Handheld Mount and Camera

S

-

Nh

L

e

v

Lt e

S

L

daiaaaa

:
-

=

=
-

Fig. 10D

WO 2012/116112




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/026187

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO4N5/232 HO4N5/33
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO4N

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

WO 20107141772 Al (FLIR SYSTEMS [US];
HOGASTEN NICHOLAS [US]; SCOTT JEFFREY S
[US]; RICHA) 9 December 2010 (2010-12-09)
page 7, line 2 - page 45, Tline 3

page 15, Tine 16 - page 29, line 18
figures 1A,2-5,10

1-25

WO 2009/008778 Al (FLIR SYSTEMS AB [SE];
HOEGASTEN NICHOLAS [SE]; ANDERSSON FREDRIK
[SE]) 15 January 2009 (2009-01-15)

1-4,6,7,
14-17,
19,20,
22,23
page 5, paragraph 20 - page 9, line 37
figure 1

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be

special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 June 2012

Date of mailing of the international search report

29/06/2012

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Didierlaurent, P

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2012/026187

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

US 2006/188246 Al (TERRE BILL [US] ET AL)
24 August 2006 (2006-08-24)

paragraph [0004] - paragraph [0034]
figure 1

GB 2 353 428 A (BAYERISCHE MOTOREN WERKE
AG [DE]) 21 February 2001 (2001-02-21)

page 2, line 20 - page 5, line 2
figures 1,3

US 2006/033998 Al (KING JOHN H [US])
16 February 2006 (2006-02-16)
paragraph [0007]

paragraph [0011] - paragraph [0012]
paragraphs [0029], [0033], [0038],
[0041]

figures 1,4

1-4,6,7,
14-17,
19,20,
22,23

Form PCT/ISA/210 (col

ntinuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2012/026187
Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 2010141772 Al 09-12-2010  CN 102461156 A 16-05-2012
EP 2438754 Al 11-04-2012
KR 20120038431 A 23-04-2012
US 2010309315 Al 09-12-2010
WO 2010141772 Al 09-12-2010

WO 2009008778 Al 15-01-2009  CN 101802866 A 11-08-2010
EP 2174291 Al 14-04-2010
US 2010238294 Al 23-09-2010
WO 2009008778 Al 15-01-2009

US 2006188246 Al 24-08-2006 DE 112006000457 T5 14-02-2008
JP 2008532386 A 14-08-2008
US 2006188246 Al 24-08-2006
WO 2006091559 Al 31-08-2006

GB 2353428 A 21-02-2001 EP 1079611 Al 28-02-2001
GB 2353428 A 21-02-2001
us 6847727 Bl 25-01-2005

US 2006033998 Al 16-02-2006 AT 528681 T 15-10-2011
DE 05792931 T1 30-12-2010
EP 1779180 A2 02-05-2007
ES 2372858 T3 27-01-2012
US 2006033998 Al 16-02-2006
US 2008105822 Al 08-05-2008
US 2010012840 Al 21-01-2010
WO 2006020869 A2 23-02-2006

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	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 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - wo-search-report
	Page 75 - wo-search-report
	Page 76 - wo-search-report

