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(57) Abréegée/Abstract:

A method of tracking motion of at least one object of a group of moving objects using hyperspectral imaging includes, among other
things, obtaining a series of hyperspectral image frames; comparing each frame in the series to a template to determine changes in
the Image between frames; identifying a group of pixels in each frame associated with the changes; identifying changes as motion
of the moving objects; correlating the pixel groups frame to frame to spatially determine at least one parameter of the motion of the
objects; and correlating the pixel groups with a spectral reflectance profile associated with the at least one object whereln the track
of the at least one object is distinguishable from the tracks of other moving objects.
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METHOD OF TRACKING OBJECTS USING HYPERSPECTRAL IMAGERY

ABSTRACT

A method of tracking motion of at least one object of a group of moving objects
using hyperspectral imaging includes, among other things, obtaining a series of
hyperspectral image frames; comparing each frame in the series to a template to
determine changes in the image between frames; identifying a group of pixels in each
frame associated with the changes; 1dentifying changes as motion of the moving objects;
correlating the pixel groups frame to frame to spatially determine at least one parameter
of the motion of the objects; and correlating the pixel groups with a spectral reflectance
profile associated with the at least one object wherein the track of the at least one object

is distinguishable from the tracks of other moving objects.
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METHOD OF TRACKING OBJECTS USING HYPERSPECTRAL IMAGERY

BACKGROUND OF THE INVENTION

[0001] Hyperspectral cameras are capable of capturing hyperspectral image frames,
or datacubes at video frame rates. These cameras acquire high spatial and spectral
resolution imagery. In combination with technmques relating to computer vision and
spectral analysis, operators of hyperspectral cameras have engaged in surveillance

applications relating to detection, tracking and identification of imaged objects.
BRIEF DESCRIPTION OF THE INVENTION

[0002] One aspect of the invention relates to a method of tracking motion of at least
one object of a group of moving objects using hyperspectral imaging. The method
includes obtaining a series of hyperspectral image frames; comparing each frame in the
series to a template to determine changes in the image between frames; identifying a
group of pixels in each frame associated with the changes; identifying changes as motion
of the moving objects; correlating the pixel groups frame to frame to spatially determine
at least one parameter of the motion of the objects; and correlating the pixel groups with a
spectral reflectance profile associated with the at least one object wherein the track of the

at least one object is distinguishable from the tracks of other moving objects.

BRIEF DESCRIPTION OF THE DRAWINGS
10003 ] In the drawings:

[0004] FIG. 1 is a flowchart showing a method of tracking motion of at least one
object of a group of moving objects using hyperspectral imaging according to an

embodiment of the invention.

[0005]  FIG. 2 shows a scenario where a hyperspectral imaging system has detected

and tracked two objects according to an embodiment of the invention.
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DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[0006] In the background and the following description, for the purposes of
explanation, numerous specific details are set forth in order to provide a thorough
understanding of the technology described herein. It will be evident to one skilled in the
art, however, that the exemplary embodiments may be practiced without these specific
details. In other instances, structures and device are shown in diagram form 1n order to

tacilitate description of the exemplary embodiments.

10007] The exemplary embodiments are described with reference to the drawings.
These drawings 1llustrate certain details of specific embodiments that implement a
module, method, or computer program product described herein. However, the drawings
should not be construed as imposing any limitations that may be present in the drawings.
The method and computer program product may be provided on any machine-readable
media for accomplishing their operations. The embodiments may be implemented using
an existing computer processor, or by a special purpose computer processor incorporated

for this or another purpose, or by a hardwired system.

[0008]  As noted above, embodiments described herein may include a computer
program product comprising machine-readable media for carrying or having machine-
executable instructions or data structures stored thereon. Such machine-readable media

can be any available media, which can be accessed by a general purpose or special

purpose computer or other machine with a processor. By way of example, such machine-
readable media can comprise RAM, ROM, EPROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic storage devices, or any other
medium that can be used to carry or store desired program code in the form of machine-
executable 1nstructions or data structures and that can be accessed by a general purpose or
special purpose computer or other machine with a processor. When information 1s
transferred or provided over a network or another communication connection (either

hardwired, wireless, or a combination of hardwired or wireless) to a machine, the

machine properly views the connection as a machine-readable medium. Thus, any such a
2
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connection is properly termed a machine-readable medium. Combinations of the above
are also included within the scope of machine-readable media. Machine-executable
ihstructions comprise, for example, instructions and data, which cause a general purpose
computer, special purpose computer, or special purpose processing machines to perform a

certain function or group of functions.

[0009] Embodiments will be described in the general context of method steps that
may be implemented in one embodiment by a program product including machine-
executable instructions, such as program code, for example, in the form of program
modules executed by machines in networked environments. Generally, program modules
include routines, programs, objects, components, data structures, etc. that have the
technical effect of performing particular tasks or implement particular abstract data types.
Machine-executable instructions, associated data structures, and program modules
represent examples of program code for executing steps of the method disclosed herein.
The particular sequence of such executable instructions or associated data structures
represent examples of corresponding acts for implementing the functions described in

such steps.

10010  Embodiments may be practiced in a networked environment using logical
connections to one or more remote computers having processors. lLogical connections
may include a local area network (LAN) and a wide area network (WAN) that are
presented here by way of example and not limitation. Such networking environments are
commonplace in office-wide or enterprise-wide computer networks, intranets and the
internet and may use a wide variety of different communication protocols. Those skilled
in the art will appreciate that such network computing environments will typically
encompass many types of computer system configuration, including personal computers,

hand-held devices, multiprocessor systems, microprocessor-based or programmable

consumer electronics, network PCs, minicomputers, mainframe computers, and the like.

10011} Embodiments may also be practiced in distributed computing environments

where tasks are performed by local and remote processing devices that are linked (either
3
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by hardwired links, wireless links, or by a combination of hardwired or wireless links)

through a communication network. In a distributed computing environment, program

modules may be located in both local and remote memory storage devices.

[0012)  An exemplary system for implementing the overall or portions of the
exemplary embodiments might include a general purpose computing device in the form
of a computer, including a processing unit, a system memory, and a system bus, that
couples various system components including the system memory to the processing unit.
The system memory may include read only memory (ROM) and random access memory
(RAM). The computer may also include a magnetic hard disk drive for reading from and
writing to a magnetic hard disk, a magnetic disk drive for reading from or writing to a
removable magnetic disk, and an optical disk drive for reading from or writing to a
removable optical disk such as a CD-ROM or other optical media. The drives and their
associated machine-readable media provide nonvolatile storage of machine-executable

instructions, data structures, program modules and other data for the computer.

[0013]  Technical etfects of the method disclosed in the embodiments include
increasing the utility and performance of remote 1maging systems for object detection and
tracking. The method will reduce errors in traditional spatial tracking due to occlusions,
blob merging, image frame dropping, object intersection and other i1ssues associated with
frame differencing techniques that use grey scale image contrast-based detection

methods. As well, the method improves on autonomous object tracking systems by

providing basic auto-nomination, reacquisition, and target search capabilities.

[0014] FIG. 1 is a flowchart showing a method of tracking motion of one or more
objects in a group of objects according to an embodiment of the inventton that uses a
fusion of spectral and spatial information contained in hyperspectral imagery. Imtially, at
step 100, during the course of operating a platform equipped with a hyperspectral camera,
it may be necessary to process imagery for the purposes of detecting, tracking and

identifying objects.
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(0015] At step 110, the hyperspectral camera may obtain a series of hyperspectral
image frames. A processor onboard the platform may perform the processing of the
frames or may direct the transmission of the imagery to a remote location for processing
by a second processor or processing system (collectively termed “a processor”). Initially,
the processor may determine changes in the hyperspectral image frames by spatial
analysis techniques. As shown in FIG. 1, the processor may perform at 112 a sequence of
steps 114, 118 on the hyperspectral image frames with a goal to determine changes in the
1magery by comparison to a template 115. The processor may first conduct a frame-to-
frame comparison at step 114 of the imagery using conventional spatial analysis or image
processing techniques. By performing a direct comparison of the spatial properties of the
image frames, the processor may determine characteristics of the imagery relating to
calibration and alignment of the imagery or may determine characteristics of the imaged
scene relating to 1imaged objects in motion. With respect to calibration and alighment, the
processor may perform a series of well-known image processing techniques that may
relate but not be limited to noise filtering, corner detection, image registration,
homography and frame-to-frame alignment. The processor may employ other image
processing techniques relating to the detection of objects in the image frames based on

image properties such as contrast, resolution and intensity.

(0016} Based in part upon the frame-to-frame comparison at step 114, the processor
may determine changes in the imagery between frames at step 118. The processor may
compare the 1image frames and the characteristics identified as differences between the
frames to reference target templates 115 of known targets that may be stored in a
template database 116. The reference target templates 115 may be previously established
descriptors that represent the spatial characteristics of a hyperspectral image of a real-
world object of interest. For example, a template 115 may include a set of pixels that
demonstrate the expected shape of an object as imaged by the system. Alternatively, a
template 115 may consist of a set of vectors stored to represent a particular
decomposition of the expected shape of an object, for example, as the output of a

Principal Component Analysis or a wavelet transform. Regardless of the particular
>
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format of the spatial descriptor in the templates 1135, the processor may perform a
correlation or matching operation at step 118 to exploit prior knowledge pertaining to

objects encoded 1n a template 115 to further determine changes in the image frames.

[0017]  The processor may output from step 118 detected changes 1n the image frames
derived from both frame-to-frame comparison at step 114 and a template 115. With a
goal to 1dentify potential objects to be tracked the processor outputs at step 118 groups of
pixels in the 1image frames. In one embodiment of the invention, the processor may direct
the output to a step 120 to identify a group of pixels in each frame associated with the
detected changes. In another embodiment of the invention, the processor may direct the
output via control flow 132 to a step 128 to correlate the groups of pixels to spectrally

characterize the objects.

[0018] At step 120, the processor may 1dentify a group of pixels in each frame
associated with the detected changes output at step 118. The processor may perform a
series of functions and calculations on the individual frames to join, merge and/or cull
pixels in each frame into groups of pixels associated with detected changes in the image
frames derived from both the frame-to-frame comparison at step 114 and the templates
115. Then, at step 122, the processor may identify motion of moving objects in the series
of image frames based upon the detected changes in the image frames and the group of
pixels in each frame associated with the detected changes. Upon detection and
identification of moving objects in the series hyperspectral image frames, the processor
may further correlate the pixel groups across the frames to spatially characterize the
motion of the identified, detected objects at step 124. The processor may parameterize
the motion based upon known image processing and computer vision techniques to
determine a characteristic such as velocity or acceleration. The parameterization of the
motion may then be used as additional information for subsequent tracking efforts. For

example, the processor of a tracking system with prior information detailing the velocity

of an object being tracked may apply additional transformations when processing the



i
CA 02845958 2014-03-13

262858

frame-to-frame comparisons and spatial template matching to account for the expected

location of the object in the hyperspectral image frames.

[0019] At step 128, the processor may determine the correlation of the pixel groups to
a spectral reflectance profile 125 stored in a spectral reflectance profile database 126.

The spectral reflectance profile 125 may be determined a priori and may describe the
spectral characteristics of a hyperspectral image of a real-world object of interest.

Further, the spectral reflectance profile 125 may be composed of many spectral
reflectance signatures. Therefore, the spectral reflectance profile database 126 may
describe both the spectral reflectance signatures of a real-world object of interest and the

spatial relationships between them.

[0020] To correlate or match the pixel group to an object described 1n the spectral
reflectance profile database 126, the processor may determine if the spatial distribution of
the group of pixels for each signature 1s similar to the spatial distribution of signatures in
a spectral reflectance profile 125. Because the spectral reflectance profile database 126
may have multiple profiles 1235 relating to multiple objects, the processor correlating the
pixel groups to a spectral reflectance profile 125 may employ a hyperspectral search

algorithm to match the pixel group to a particular reflectance profile 125.

[0021] A number of hyperspectral search algorithms have been developed and used in
the processing of hyperspectral imagery for the purpose of object detection. Typically
built upon well-known statistical concepts, hyperspectral search algorithms exploit
statistical characteristics of candidate objects in the imagery. For example, Mahalanobis
distance is a statistical measure of similarity often applied to hyperspectral pixel
signatures. Mahalanobis distance measures a signature’s similarity by testing the
signature against an average and standard deviation of a known class of signatures.
Similarity measures may include elements of known spectral analysis detection
techniques such as Spectral Angle Mapping (SAM), Spectral Information Distance (SID),
Zero Mean Difterential Area (ZMDA) or Bhattacharyya Distance. The processor may

employ other similarity measures depending upon the implementation.
7
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(0022} While the spectral reflectance profiles 125 may be preferably stored in and
retrieved from the spectral retlectance profile database 126 as shown in FIG. 1, other
sources of spectral reflectance profiles 125 for use as a reference may include the
hyperspectral image frames themselves. For example, the processor may include
additional processing capability whereby groups of pixels may be automatically
determined to be images of objects of interest. Alternatively, an operator of a system
collecting hyperspectral imagery may manually select groups of pixels on a display and
identify the corresponding spectral reflectance signatures as a spectral reflectance profile

125 of an object of interest.

10023]  As described above, the processor may integrate the step 128 to correlate the
pixel group to spectrally characterize objects in one of several places depending upon the
implementation of the current invention. As shown in FIG. 1, the main control flow of
the method demonstrates that the step 128 to correlate the pixel group to spectrally
characterize objects may follow the step 124 to correlate the pixel group frame-to-frame
to spatially characterize the motion of the objects. Additional control flows 132 and 134
demonstrate that the step 128 to correlate the pixel group to spectrally characterize
objects may directly follow the step 118 to determine changes in the imagery between
hyperspectral image frames. Depending upon the implementation, the step 128 may

follow either step 118 or step 124 or may follow both steps 118 and 124,

[0024]  In one embodiment of the invention, the processor only performs the step 128
of correlating the pixel group to spectrally characterize the object if the parameter of
motion determined in step 124 1s less than a predetermined threshold. For example, the
processor may not spectrally characterize a detected object moving at a velocity greater
than 5 m/s. By only spectrally characterizing objects that have slowed or stopped, the
processor may efficiently process the imagery and maintain the track of objects typically
difficult to track with spatial tracking methods. The additional step of spectral correlation
may assist with track linking and track confirmation, resulting in the reduction of false

positives and other tracking errors common to standard spatial tracking methods.

8
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[0025]  There are many scenarios where an object may be difficult to acquire or
maintain track based on spatial tracking techniques. Such scenarios may include: a
tracked object becomes occluded by another object; or a tracked object splits into
multiple separate objects. Other scenarios exist and these should not be considered

limiting.

[0026] FIG 2 demonstrates an example scenario at 300 where the method for tracking
motion of an object among a group of moving objects with hyperspectral imagery
according to an embodiment of the invention detects and tracks a vehicle 310 traveling at
approximately the same velocity as a second vehicle 312 on the same road. The
processor implementing the method in FIG. 1 processes a series of hyperspectral frames
and tracks the two similar model vehicles. If, for example, the vehicles 310 and 312 are
different colors, the spectral correlation provides a distinct difference between the two
similarly shaped and moving vehicles. Assuming the two vehicles travel near one
another at approximately the same velocity, a tracking system based purely on spatial
analysis may be confused when the two vehicles 310, 312 go separate ways, for example,
if vehicle 310 stops and vehicle 312 continues. However, the tracking system based on
the method of FIG 1. will continue tracking vehicle 310. Essentially, the fusion of the
spatial tracking techniques with the spectral characterization of the pixel groups based on
the spectral reflectance profile 125 allows for robust tracking of a moving object in the
presence of confusers. Additionally, the added spectral information and processing

allows for maintaining the track of vehicle 310 even when the vehicle 310 stops.

10027] Were the vehicles 310, 312 to continue on the road, the tracking system may

drop track of the vehicles 1if, for example, the vehicles were obscured from the view of

the tracking system as they pass the tree shown in FIG. 2. But because the spectral

reflectance profile 125 of an object 1s consistent over time, the track may be reacquired as
the vehicle 310 emerges into the unoccluded field of view of the tracking system. Here,
the spectral reflectance profile 125 allows for robust tracking of a moving object even

when there are occlusions 1n coverage.
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[0028] While there have been described herein what are considered to be preferred
and exemplary embodiments of the present invention, other modifications of these
embodiments falling within the scope of the invention described herein shall be apparent

to those skilled in the art.

10
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WHAT IS CLAIMED IS:

1. A method of tracking motion of at least one object of a group of
moving objects using hyperspectral imaging, comprising:

obtaining a series of hyperspectral image frames;

comparing frames in the series to a template to determine changes in the
image between frames;

1dentifying a group of pixels in the frames associated with the changes;

identifying the changes as motion of the moving objects;

correlating the pixel groups frame-to-frame to spatially determine at least
one parameter of the motion of the objects; and

correlating the pixel groups with a spectral reflectance profile associated
with the at least one object, and distinguishably tracking, based on the spectral

retlectance profile, the at least one object from the other moving objects.

2. The method of claim 1 wherein the correlating the pixel groups with

the spectral reflectance profile is performed as the next step atter the comparing.

3. The method of claim 1 wherein the correlating the pixel groups with
a spectral retlectance profile is performed as the next step after the correlating the
pixel groups frame-to-frame to spatially determine at least one parameter of the

motion ot the objects.

4. The method of claim 1 wherein the correlating the pixel groups with
a spectral reflectance profile is performed as the next step after the comparing frames
in the series to the template and as the next step after the correlating the pixel groups

frame-to-frame to spatially determine at least one parameter of the motion of the

object.

S. The method of claim 1 wherein the correlating the pixel groups with
a spectral retlectance profile, includes correlating the pixel groups with a spectral
reflectance profile when the value of the at least one parameter of the motion of the

objects 1s less than a predetermined threshold.

11
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0. The method of claim 1 wherein the at least one parameter of the

motion of the objects is velocity.

7. The method of claim 1 wherein the at least one parameter of the

motion of the objects is acceleration.

8. The method of claim 1 wherein the spectral reflectance profile is

stored in and retrieved from a database of spectral reflectance profiles.

9. The method of claim 1 wherein the spectral reflectance profile is

derived from a group of pixels in the series of hyperspectral image frames.

10. A method of tracking motion of an object using hyperspectral
imaging, comprising:

acquiring a set of hyperspectral image frames;

determining characteristics of the object by comparing a first frame in the
set of hyperspectral image frames with a second frame in the set of hyperspectral
image frames;

determining changes in the imagery based on comparing the set of frames
and characteristics to a set of templates;

identitying a set of pixels in the set frames associated with the changes;

determining at Ieast one spatial parameter of the motion of the object based
on correlating the set of pixels across the set of frames;

correlating the set of pixels with a spectral reflectance profile; and

tracking the object based at least in part on the spectral reflectance profile.

11.  The method of claim 10, wherein the characteristics include

characteristics relating to calibration and alignment.

12.  The method of claim 10, wherein the characteristics include

characteristics relating to imaged objects in motion.

12
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