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FUSION OF A 2D ELECTRO-OPTICAL
IMAGE AND 3D POINT CLOUD DATA FOR
SCENE INTERPRETATION AND
REGISTRATION PERFORMANCE
ASSESSMENT

BACKGROUND OF THE INVENTION

1. Statement of the Technical Field

The mmventive arrangements concern registration ol two-
dimensional and three dimensional 1mage data, and more
particularly methods for visual interpretation of registration
performance of 2D and 3D image data. This technique 1s used
as a metric to determine registration success.

2. Description of the Related Art

Conventional electro-optical (EO) sensors have long been
used for collection of such image data and generally produce
two dimensional data. Such data generally corresponds to a
projection of the image onto a planar field which can be
entirely defined by an x and y coordinate axis. More recently,
there has been a growing interest 1n three-dimensional 1mag-
ing data. For example, LIDAR systems use a high-energy
laser, optical detector, and timing circuitry to generate three-
dimensional point cloud data. Each point 1n the 3D point
cloud 1s spatially analogous to the pixel data generated by a
digital camera, except that the 3D point cloud data 1s arranged
in three dimensions, with points defined at various locations
in a three dimensional space defined by an X, y, and z coor-
dinate axis system. One major difference 1s that the lidar 1s
range data whereas the 2D FO data has both position and
intensity information. However, there 1s a mode whereas the
lidar sensor can dwell thus creating an intensity ‘1image’. It
should be noted that this mode 1s not needed to accomplish the
overlapping of the two data types described 1n this patent for
determining data alignment or registration.

Point-cloud data can be difficult to interpret because the
objects or terrain features in raw data are not easily distin-
guishable. Instead, the raw point cloud data can appear as an
almost amorphous and uminformative collection of points on
a three-dimensional coordinate system. Color maps have
been used to help visualize point cloud data. For example,
color maps have been used to selectively vary a color of each
point 1n a 3D point cloud as a function of the altitude coordi-
nate of each point. In such systems, variations in color are
used to signify points at different heights or altitudes above
ground level. Notwithstanding the use of such conventional
color maps, 3D point cloud data has remained difficult to
interpret.

It1s advantageous to combine 2D EO imaging data with 3D
point cloud data for the same scene. This process 1s some-
times called data fusion. However, combining the two differ-
ent sets ol 1mage data necessarily requires an image registra-
tion step to align the points spatially. Such 1image registration
step 1s usually aided by metadata associated with each image.
For example, such metadata can include 1) orientation and
attitude information of the sensor and 2) latitude and longi-
tude coordinates associated with the corner points of the
image, and 3) 1n the case of point cloud data, the raw x, y, and
7z point locations for the point cloud data.

The 2D to 3D image registration step can be difficult and
time consuming because it requires precise alignment of the
EO and LIDAR data acquired by different sensors at different
data collection times and different relative sensor positions.
Moreover, the point cloud data 1s usually a different format as
compared to the EO 1image data, making for a more complex
registration problem. Various registration schemes have been
proposed to solve the foregoing registration problem. How-
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ever, visual iterpretation of the resulting registered EO and
LIDAR data often remains difficult for human analysts. One
reason for such difficulty 1s that, even after registration and
fusion ol the two types of imaging data, the three-dimensional
LIDAR point cloud will often appear to float above a flat two
dimensional plane representing the two-dimensional image
data. This creates two noteworthy problems. In particular, 1t
makes 1t more difficult for a person to visualize the scene
being represented by the fused image data. This occurs
because it 1s can be diflicult to comprehend how the point
cloud data fits mto the two-dimensional image. The same
clfect also makes 1t more difficult to evaluate how well the
registration process has worked. With the three-dimensional
point cloud data appearing to float above a flat two-dimen-
sional surface, 1t 1s difficult for a human to judge how well the
various features represented by the point cloud (e.g. struc-
tures, vehicles) align with corresponding features 1n the two-
dimensional 1image (e.g. building outlines or footprints, and
roads). Regardless, of the particular registration scheme
selected, 1t 1s usetul to evaluate the performance of the result.

SUMMARY OF THE INVENTION

The mvention concerns a method and system for combin-
ing a 2D 1mage with a 3D point cloud for improved visual-
1zation of a common scene as well as interpretation of the
success ol the registration process. The resulting fused data
contains the combined information from the original 3D point
cloud and the mformation from the 2D image. The original
3D point cloud data 1s color coded 1n accordance with a color
map tagging process. By fusing data from different sensors,
the resulting scene has several useful attributes relating to
battle space awareness, target identification, change detection
within a rendered scene, and determination of registration
SUCCESS.

The method for combiming the 2D image with the 3D point
cloud LIDAR includes several steps. If the images are not
already registered, then the method can begin with a registra-
tion step 1n which the 2D image and 3D point cloud are
aligned. Thereafter, the method involves analyzing the 2D
image to i1dentily selected content-based characteristics of a
plurality of areas in the common scene. For example, the
content-based characteristics can include urban scene con-
tent, natural scene content, water content, and man-made
structure content. Thereafter, each of the plurality of areas
which have been 1dentified 1s assigned a color map tag cor-
responding to the content based characteristic of the area.

Following color map tag assignment using the 2D image, a
different color map 1s assigned to each of a plurality of areas
of the 3D point cloud 1n accordance with the color map tags.
A ‘range’ type image 1s created from the 2D 1mage. That 1s, a
virtual 3D point cloud 1s formed from the 2D 1mage by assign-
ing a Z value to each pixel in the 2D 1mage, where each Z
value 1s determined based on an interpolation to closest point
in the 3D LIDAR and assuming that Z value. Color values for
the virtual 3D point cloud are assigned based on color values
of corresponding pixels 1n the 2D 1mage. Often the 2D 1image
color information 1s supplied 1n an 11 or 16-bit value which
can then be converted to an RGB value. Finally, a fused scene
1s created by overlaying the virtual range 1mage and the 3D
point cloud data.

The fused scene formed 1n this way 1s particularly useful
for evaluating a performance or quality of the registration
step. In particular, the fused scene can be visually imspected to
determine 1f features 1n the common region are properly
aligned.




US 8,179,393 B2

3
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of a computer system that 1s
usetul for understanding the invention.

FIG. 2 1s a flowchart that 1s useful for understanding the
ivention.

FIG. 3 1s diagram that 1s useful for understanding how
image data 1s acquired from different vantage points.

FI1G. 4 1s a conceptual drawing which 1s useful for under-
standing how color map tags can be assigned to a 2D 1image.

FIG. 5 1s a drawing which 1s useful for understanding
three-dimensional 1mage data or point cloud data.

FIG. 6 1s a drawing that 1s useful for understanding two-
dimensional image data.

FI1G. 7 1s drawing which 1s useful for understanding how
two-dimensional image data 1n FIG. 6 1s converted to a virtual
three-dimensional 1mage.

FIG. 8 1s an example of two-dimensional image data that
can be used 1n the process described in FIG. 2.

FI1G. 9 1s an example of a fused image 1n which a virtual 3D
image 1s combined with 3D point cloud data.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the present invention, a 2D 1mage 1s modified and then
tfused with 3D point cloud data for a common scene. The
process facilitates analysis of the scene and permits improved
evaluation of the quality of the 1image registration process.
The 2D image and 3D point cloud data are registered utilizing
a suitable registration process. Thereatter, the 3D point cloud
data 1s processed to 1dentity and define a ground table. The
ground table represents a contour of the ground in the scene.
The ground table 1s then used to transform the 2D image into
a virtual 3D 1mage comprising a ground surface contour. The
virtual 3D 1image 1s created by selectively modilying a 7Z value
associated with the pixels of the 2D 1image so that they gen-
erally conform to the Z values defined by the ground table. In
this way, the contours of the ground surface are imparted to
the 2D 1mage, thereby forming the virtual 3D 1mage. Once
this process 1s complete, the previously registered 3D point
cloud data 1s overlaid on the virtual 3D 1mage. The resulting
tfused 3D 1mage offers improved visualization of the scene
and permits better evaluation of the quality of the registration.

The invention will now be described more fully hereinafter
with reference to accompanying drawings, 1n which illustra-
tive embodiments of the invention are shown. This invention,
may however, be embodied in many different forms and
should not be construed as limited to the embodiments set
forth herem. For example, the present invention can be
embodied as a method, a data processing system, or a com-
puter program product. Accordingly, the present imnvention
can take the form as an entirely hardware embodiment, an
entirely software embodiment, or a hardware/software
embodiment.

The invention concerns a method for evaluating the relative
performance of a registration process involving three-dimen-
sional (3D) image data comprising a point cloud, and two-
dimensional (2D) image data. For purposes ol the present
invention, the 2D image data and the 3D point cloud data will
be assumed to have already been registered by means of some
registration process. Various registration processes are known
in the art. Accordingly, the particular registration process will
not be described 1n detail.

The present mvention can be realized 1n one computer
system. Alternatively, the present invention can be realized 1n
several interconnected computer systems. Any kind of com-
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4

puter system or other apparatus adapted for carrying out the
methods described herein 1s suited. A typical combination of
hardware and software can be a general-purpose computer
system. The general-purpose computer system can have a
computer program that can control the computer system such
that 1t carries out the methods described herein.

The present invention can take the form of a computer
program product on a computer-usable storage medium (for
example, a hard disk or a CD-ROM). The computer-usable
storage medium can have computer-usable program code
embodied in the medium. The term computer program prod-
uct, as used herein, refers to a device comprised of all the
features enabling the implementation of the methods
described herein. Computer program, software application,
computer software routine, and/or other variants of these
terms, 1n the present context, mean any expression, 1n any
language, code, or notation, of a set ol instructions intended to
cause a system having an information processing capability
to perform a particular function either directly or after either
or both of the following: a) conversion to another language,
code, or notation; or b) reproduction 1n a different material
form.

The computer system 100 can comprise various types of
computing systems and devices, including a server computer,
a client user computer, a personal computer (PC), a tablet PC,
a laptop computer, a desktop computer, a control system, a
network router, switch or bridge, or any other device capable
of executing a set of instructions (sequential or otherwise)
that specifies actions to be taken by that device. It 1s to be
understood that a device of the present disclosure also
includes any electronic device that provides voice, video or
data communication. Further, while a single computer is
illustrated, the phrase “computer system” shall be understood
to include any collection of computing devices that individu-
ally or jointly execute a set (or multiple sets) of instructions to
perform any one or more of the methodologies discussed
herein.

The computer system 100 can include a processor 102
(such as a central processing unit (CPU), a graphics process-
ing unit (GPU, or both), a main memory 104 and a static
memory 106, which communicate with each other via a bus
108. The computer system 100 can further include a display
umt 110, such as a video display (e.g., a liquid crystal display
or LCD), a flat panel, a solid state display, or a cathode ray
tube (CRT)). The computer system 100 can include an input
device 112 (e.g., a keyboard), a cursor control device 114
(e.g., a mouse), a disk drive unit 116, a signal generation
device 118 (e.g., a speaker or remote control) and a network
interface device 120.

The disk drive unit 116 can include a computer-readable
storage medium 122 on which 1s stored one or more sets of
instructions 124 (e.g., software code) configured to 1mple-
ment one or more of the methodologies, procedures, or func-
tions described herein. The instructions 124 can also reside,
completely or at least partially, within the main memory 104,
the static memory 106, and/or within the processor 102 dur-
ing execution thereof by the computer system 100. The main
memory 104 and the processor 102 also can constitute
machine-readable media.

Dedicated hardware implementations including, but not
limited to, application-specific integrated circuits, programs-
mable logic arrays, and other hardware devices can likewise
be constructed to implement the methods described herein.
Applications that can include the apparatus and systems of
various embodiments broadly include a variety of electronic
and computer systems. Some embodiments implement func-
tions 1 two or more specific interconnected hardware mod-




US 8,179,393 B2

S

ules or devices with related control and data signals commu-
nicated between and through the modules, or as portions of an
application-specific integrated circuit. Thus, the exemplary
system 1s applicable to software, firmware, and hardware
implementations.

In accordance with various embodiments of the present
invention, the methods described below can be stored as
soltware programs 1n a computer-readable storage medium
and can be configured for running on a computer processor.
Furthermore, software implementations can include, but are
not limited to, distributed processing, component/object dis-
tributed processing, parallel processing, virtual machine pro-
cessing, which can also be constructed to implement the
methods described herein.

In the various embodiments of the present invention, a
computer-readable storage medium containing instructions
124 or that receives and executes instructions 124 from a
propagated signal so that a device connected to a network
environment 126 can send or receive voice and/or video data,
and that can communicate over the network 126 using the
instructions 124. The instructions 124 can further be trans-
mitted or received over a network 126 via the network inter-
tace device 120.

While the computer-readable storage medium 122 1s
shown 1n an exemplary embodiment to be a single storage
medium, the term “computer-readable storage medium”
should be taken to include a single medium or multiple media
(e.g., a centralized or distributed database, and/or associated
caches and servers) that store the one or more sets of instruc-
tions. The term “computer-readable storage medium”™ shall
also be taken to include any medium that 1s capable of storing,
encoding or carrying a set of instructions for execution by the
machine and that cause the machine to perform any one or
more of the methodologies of the present disclosure.

The term “computer-readable medium™ shall accordingly
be taken to include, but not be limited to, solid-state memories
such as a memory card or other package that houses one or
more read-only (non-volatile) memories, random access
memories, or other re-writable (volatile) memories; mag-
neto-optical or optical medium such as a disk or tape; as well
as carrier wave signals such as a signal embodying computer
instructions 1n a transmission medium; and/or a digital file
attachment to e-mail or other self-contained information
archive or set of archives considered to be a distribution
medium equivalent to a tangible storage medium. Accord-
ingly, the disclosure 1s considered to include any one or more
of a computer-readable medium or a distribution medium, as
listed herein and to include recognized equivalents and suc-
cessor media, in which the software implementations herein
are stored.

Those skilled 1n the art will appreciate that the computer
system architecture illustrated i FIG. 1 1s one possible
example of a computer system. However, the invention 1s not
limited 1n this regard and any other suitable computer system
architecture can also be used without limitation

Referring now to FIG. 2, a flowchart 1s provided. The
flowchart 1s useful for understanding a process used for evalu-
ating the relative performance of a registration process
involving three-dimensional (3D) image data comprising a
point cloud, and two-dimensional (2D) image data. The
method begins 1n step 202 and continues in step 203 with the
acquisition of 2D 1mage data and 3D 1mage data for a com-
mon scene.

As shown 1in FIG. 3, a first and second imaging sensor 302,
304 cach acquire image data of a common scene 306.
Although two 1maging sensors are shown 1n FIG. 3, it should
be understood that the invention 1s not so limited. Instead, a
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common sensor can be used at two different times. Signifi-
cantly, in FI1G. 3, first satellite 302 can be configured to collect
2D 1image data and second sensor 304 can be configured to
collect 3D point cloud image data.

Advantageously, the two-dimensional image data acquired
1s multi-spectral imagery that can be presented 1n color. How-
ever, the imnvention could be used with panchromatic imagery
as well. The two dimensional image data as described herein
can be collected by any suitable imaging sensor as would be
known to one of ordinary skill in the art. For example, earth-
orbiting satellites and airborne data collection platforms com-
monly collect the 2D 1mage data using electro-optical (EO)
sensors. The term “‘electro-optical sensor” as used herein
generally refers to any one of a wide variety of devices 1n
which an optical system 1s used for imaging radiation from a
scene onto the image sensing surface of an 1maging device for
a selected sample period. The imaging device may take the
form of a two dimensional array of photo-responsive areas. A
variety of semiconductor based imaging devices are known in
the art. For example, charge coupled devices (CCDs) and
photodiode arrays are often used for this purpose, without
limitation. Still, it should be understood that the foregoing
imaging devices are identified merely by way of example, and
the invention 1s not intended to be limited to any particular EO
type imaging device. For example, the imnvention can also be
used for registration of medical 1mages.

A variety of different types of imaging sensors can be used
to generate 3D data, and more particularly, 3D point cloud
data. The present mvention can be utilized for evaluating
registration performance of 3D point cloud data obtained
from any of these various types of imaging systems. One
example of a 3D 1imaging system that generates one or more
frames of 3D point cloud data 1s a conventional LIDAR
imaging system. Fach frame of LIDAR data will be com-
prised ol a collection of points 1n three dimensions (3D point
cloud) which correspond to the multiple range echoes. These
points can be organized into “voxels” which represent a value
on a regular grid 1n a three dimensional space. Voxels used 1n
3D mmaging are analogous to pixels used to 1n the context of
2D 1maging devices. These frames can be processed to recon-
struct a 3D 1mage of a target. In this regard, it should be
understood that each point in the 3D point cloud has an
individual x, v and z value, representing the actual surface
within the scene 1n 3D.

An exemplary cube 500 of 3D data 1s shown 1 FIG. 5,
whereas a frame of 2D 1mage data 1s shown 1n FIG. 6. Note
that the frame of 2D 1image data 600 1s defined in a single x, y
plane whereas the cube 500 of 3D 1mage data comprises a
point cloud 502 which is defined 1n three dimensions (X, v, z).
Further, 1t should be noted that although the exemplary 3D
image data 1 FI1G. 5 1s shown to be delimited as a cube, the
invention 1s not limited 1n this regard. Although it will be
appreciated that a cube can be a convenient shape to use for
this purpose, the 3D data can be defined within any other
suitable geometric volume. For example, 1n place of a cube, a
rectangular prism can also be used to delimit a set of 3D point
cloud data. Notwithstanding the foregoing, for purposes of
convenience, the invention will be described 1n the context of
a cube of point cloud data.

Referring once again to FIG. 3, it will be appreciated that
the 1imaging sensors(s) 302, 304, can have respectively diif-
terent locations and orientation. Those skilled 1n the art will
appreciate that the location and orientation of the sensors 1s
sometimes referred to as the pose of such sensors. For
example, the sensor 302 can be said to have a pose that is
defined by pose parameters at the moment that the 3D image
data 1s acquired.
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From the foregoing, 1t will be understood that the 2D image
and 3D point data that 1s acquired by sensors 302, 304 will
generally be based on different sensor-centered coordinate
systems. Consequently, the 2D 1mage and 3D point data will
be defined with respect to different coordinate systems. Those
skilled in the art will appreciate that these different coordinate
systems must be rotated and translated 1n space as needed
betore the 2D image and 3D point data from the two or more
image sensors can be properly represented 1n a common
coordinate system. The foregoing process 1s commonly
referred to as registration.

In step 204, the pixels comprising the 2D 1mage are con-
verted to an X, Y format common to the 3D point data. As will
be appreciated by those skilled 1n the art, the 3D point cloud
data 1s commonly represented 1n terms of latitude, longitude
(X, Y) coordinates 1n addition to an altitude Z coordinate. In
contrast, the 2D image pixel data will typically be 1n a differ-
ent format. In step 204, the 2D image 1s converted to an X, Y
format that 1s consistent with the format associated with the
point cloud data comprising the 3D 1mage.

In step 206, the 2D 1mage data and the 3D data are regis-
tered by means of some registration process capable of reg-
istering 2D 1mages and 3D point clouds. Any suitable algo-
rithm or registration process can be used for this purpose as
would be known to one skilled 1n the art. Since the present
invention does not directly concern the method by which the
registration process 1s performed, such registration process
will not be described here 1n detail. The result of the registra-
tion process will be a 2D image data and a 3D point cloud data
for a common scene which are substantially registered 1n
accordance with some registration scheme.

The process continues 1n step 208 by performing image
content analysis of the 2D 1mage. The image content analysis
1s a statistical analysis chosen or configured to 1dentily char-
acteristics of specific features or areas contained within the
2D 1mage. This analysis can be thought of as a feature extrac-
tion step. For example, using conventional scene content
detection algorithms, the scene can be separated into urban
areas and natural areas. As shown 1n FIG. 4, the urban areas
404 can be those areas 1n the 2D image that are 1dentified as
containing numerous buildings and other man-made struc-
tures. Since buildings and other man-made structures com-
monly include many linear edges and corners, such structures
can be easily recognized by employing various edge and
corner detection algorithms as would be known to one skilled
in the art. Natural areas 402 can be 1dentified as those areas
other than urban areas. Still, the invention 1s not limited 1n this
regard, and various other types ol 1image recognition algo-
rithms can be employed to recognize urban, natural or other
types of regions. For example, other types of areas can include
rocky or desert areas, highly wooded areas, agricultural areas,
water areas, and so on.

Alternatively, or in addition to merely 1dentifying broad
regions or areas as being urban versus natural, the scene
content detection algorithms can detect specific individual
features contained within a scene. For example, scene content
detection algorithms can 1dentity roads 406 which are present
in the 2D 1image. The scene content detection algorithms can
also be used to i1dentity individual buildings 408 or other
types of structures without limitation. For example, vehicles
can also be 1dentified. Algorithms for performing these func-
tions are known in the art and therefore will not be described
here 1n detail.

After 1mage content detection analysis 1s complete, the
process continues on to step 212. In step 212, different color
map tags are assigned for selected X, Y coordinate areas of the
2D 1mage. Different color map tags are assigned for different
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areas or features 402, 404, 406, 408 which have been 1denti-
fied. For example a first type of color map tag can be assigned
to any arca 404 identified as urban, whereas a second color
map tag can be assigned to any area 402 that 1s designated as
natural. Further, different color map tags can be associated
with the X, Y coordinates of specific features such as indi-
vidual buildings 408, or roads 406, which have been 1denti-
fied within an 1mage 306.

According to one embodiment of the invention, each 1ndi-
vidual color map tag 1s associated with a particular color map.
Moreover, each color map 1s advantageously chosen to help
visualize features associated with particular types of scenes
or scene content. For example, one such color map 1is
described 1n commonly owned U.S. patent application Ser.
No. 12/046,880 to Minear, et al., the content of which appli-
cation 1s expressly incorporated herein by reference. As
described therein in more detail, color maps can be designed
to enhance certain types ol subject matter 1n a scene by
selectively choosing hue saturation, and intensity to highlight
teatures at different altitudes. These colormaps created 1n this
HSI space can be nonlinear allowing intensity highlights 1n
regions of interest such as under a tree canopy as well as
above the tree line. More particularly, color maps can be
selected so that values defined for color saturation and inten-
s1ty have a peak value at one or more predetermined altitudes.
For example, a peak value can be provided at altitudes
approximately corresponding to an upper height limit of a
predetermined feature height range. Color maps can also be
selected which mimic colors that are normally associated
with certain types of scene content, such as buildings, veg-
etation, or roads.

In step 214 a ground surface table 1s created using the 3D
point cloud. The ground surface table can be thought of as a
representation (in table form) of the ground surface contour of
the scene contained in the 3D point cloud. It 1s based on a
uniform grid of the 3D point cloud, and defined with respect
to the X, Y, and Z coordinate axis. The ground surface table
defines a Z value representing an approximated altitude for
cach gridded region of the scene.

In order to understand how the ground surface table 1s
created, 1t 1s usetul to first consider the nature of 3D point
cloud data. Systems used to acquire 3D point cloud data (e.g.
LIDAR) are generally configured to measure “last-return”
data points. Such “last-return” points are often the result of
reflected energy associated with ground data noise. Thus,
rather than representing a true map of the underlying terrain,
the Z values associated with each X, Y point in the raw 3D
point cloud data will also correspond to various other object
such as vegetation, vehicles, and structures. In order to deter-
mine a set ol points corresponding to a terrain or ground
surface, at least some post processing 1s usually required to
exclude extraneous features such as vehicles, structures and
vegetation which do not actually correspond to contours in
terrain. A variety of algorithms are known in the art for
extracting or estimating such ground surface altitude based on
the 3D point cloud data. Any such algorithm can be used to
generate a ground surface table.

Once the ground surface table has been generated 1n step
214, the process continues on to step 216. In step 216, data
points are selectively deleted from the raw 3D point cloud. In
elfect, the 3D point cloud data 1s reduced by removing the
points associated with a ground surface or terrain. According
to an embodiment of the mvention, for each subregion in the
3D lidar data, this can be accomplished by deleting any point
within that subregion that does not exceed the Z value (plus a
small delta Z) specified 1n the ground surface table for that
subregion For example, the Z value for a particular subregion
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might be one meter. In that case, for each point 1n the raw
point cloud data that lies within that subregion, a determina-
tion can be made as to whether the altitude or Z value of the
raw data point 1s less than 1 meter plus a small delta in height.
I1 so, then the point 1s deleted; otherwise the point 1s retained.
Still, 1t should be understood that any other technique can be
used to selectively delete ground surface data points from the
raw point cloud data. Regardless of the technique that 1s
applied, the goal 1n this step 1s to eliminate all points within
the point cloud data which are below some Z-value which 1s
just above ground surface level. This 1s done to eliminate
ground noise, which 1s generally not useful for purposes of
evaluating performance of image registration processes.
Following step 216, the method continues on to step 218.
Although color map tags are assigned in step 212 for certain
X, Y areas contained 1n the 2D image, the color maps are not
actually used for assigning colors to pixels associated with the
2D 1mage. Instead, the color maps are used 1n step 218 for

assigning colors to points in the corresponding X, Y areas of
the 3D point cloud data. Since the 2D image and 3D point
cloud are registered, areas and features 1n a particular scene
will have approximately the same X, Y coordinate areas in
cach image data set. For example, a particular urban area 1n
the 2D scene having defined X, Y coordinate area will corre-
spond to the approximately the same X, Y coordinate area in
the 3D point cloud data. This will also be true with respect to
various other features 1n the scene, such as 1ndividual build-
ings and roads. In effect then, suitable color maps for different
portions of a scene are 1dentified using the 2D 1mage, and the
color maps are applied in step 218 to the data points contained
in corresponding areas of the 3D point cloud.

In step 220, the assigned color maps are used to calculate or
otherwise determine an RGB color value for each data point
in the 3D point cloud. The color maps are a function of the Z
coordinate, so that the actual color of each point 1n the 3D
point cloud will be based on (1) the particular color map
assigned to an X, Y area of the 3D image, and (2) based on the
7. value or relative height of that particular point. The relative
height can be measured with respect to the ground surface.

Those skilled 1n the art will appreciate that a color map as
referred to herein as a table, schedule or mathematical equa-
tion which can be used to determine which specific RGB
color values should be assigned to points having particular Z
values. Any suitable color map can be used for this purpose.
However, 1t can be advantageous to choose a color map that
has some visualization benefit for an observer. For example,
it can be advantageous to use color maps designed to enhance
certain types of subject matter in a scene by selectively choos-
ing hue and intensity to highlight features at different alti-
tudes. It can also be advantageous to choose color maps that
use particular hues that are commonly understood as corre-
sponding to particular scenes. For example, brown, tan and
green colors may be used for natural areas as they naturally
correspond to the color of vegetation. In contrast, various grey
hues can be more consistent with a human user’s understand-
ing of an urban area.

In step 222 the ground surface table derived from the 3D
image data 1n step 214 1s used to assign a Z value to each pixel
of the 2D 1image data. The Z value 1s determined by interpo-
lating the Z value 1n the region of the ground surface table.
Once a suitable Z value has been calculated from the ground
surface table, that Z value 1s assigned as a Z value for the pixel
in the 2D 1image. The result 1s a virtual 3D point cloud based
on the 2D mmage pixels. This 1s conceptually 1llustrated 1n
FIG. 7 which shows the contours of virtual 3D image 702
after the Z values from the ground surface table have been
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assigned to the 2D 1mage data. In FIG. 7, the 2D EO image has
been converted to a virtual 3D range 1image.

The method continues in step 224 by calculating RGB
color values for each pomnt in the virtual 3D range 1mage
obtained 1n step 222. The RGB color values for the virtual 3D
image 1s based any suitable color map. A good choice for the
virtual 3D range 1mage color map 1s one that has minimal
variation ol hues so as to not be distracting to the final fused
product. More particularly, each virtual 3D point will now
have an X, Y, and Z coordinate as well as a color value.

In step 226, the method continues with the step of fusing
the 3D point cloud data with the virtual 3D 1mage created
from the 2D EO image. The fusion process combines the
relevant information from the original 3D point cloud and the
virtual 3D point cloud. This 1s a true fusion since it mvolves
combining different sources of information 1nto one scene 1n
order to obtain addition information about that environment
for visually iterpretation and scene awareness.

The resulting fused scene following step 226 will be a 3D
scene which contains the combined information from the
original LIDAR point cloud data and the information from the
2D 1mage. The original 3D point cloud data will be colo
coded 1n accordance with the color map tagging process. The
resulting 3D scene has several useful attributes relating to
battle space awareness, target identification, change detection
within a rendered scene, and determination of registration
success. Each of these features shall hereinafter be discussed
in more detail.

Referring now to FIG. 8, there 1s shown an example ofa 2D
image that can be used to form a virtual 3D 1image similar to
the one 1llustrated 1n FI1G. 7. FIG. 9 shows a fused image 1n
which the 2D image in FIG. 8 has been first converted to a
virtual 3D 1mage as i FIG. 7, and then fused with 3D point
cloud data 1n accordance with the various steps set forth 1n
FIG. 2. The image in FIG. 9 can be rotated, enlarged and
viewed 1n three dimensions on a computer screen to aid a user
in visualizing a scene, and evaluating the performance of a
registration process.

In the field of scene interpretation such as for battle-space
awareness the fused scene i FIG. 9 makes visualization
cleaner and more natural to the human eye. The point cloud
data no longer appears to tloat above a flat two-dimensional
image. Instead, the 2D 1mage 1s transtormed to a virtual 3D
image that corresponds to the actual ground surface contour
of the scene. In the resulting fused 1image, the ground contour
will provide improved context and meaning to the 3D point
cloud data. The color models that are defined and then
mapped to the 3D points are advantageously selected so that
they closely relate to real world colors of corresponding areas
and features. This gives familiarity to the user when visual-
izing the data. In the field of target identification, targets
within the fused 1mage can be extracted and correlated with a
database of known targets. In the field of change detection,
fused scenes which are separated by time can be overlayed
and compared for object differences and vehicle movement.

In addition, the resulting fused scene 1s more useful for
determining whether the registration process has been suc-
cessiul. One of the challenges encountered when attempting
to register 3D point cloud data with 2D image data 1s deter-
mining whether the registration process correctly registered
the two sets of data. The process described with respect to
FIGS. 1-7 permits a person to visually evaluate the quality of
the registration. In the resulting fused image, the ground
contour of the virtual 3D 1image juxtaposed with the actual 3D
point cloud data will provide improved context and meaning
to the 3D point cloud data. This offers a better opportunity for
a human to evaluate whether the registration process has
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produced a fused 1mage 1n which objects represented by the
3D point cloud data appear to be properly positioned relative
to the 2D 1mage data. Also, by color coding the points 1n the
3D point cloud, a clear visual interpretation 1s made possible
with respect to the proper alignment of features 1n the scene.
For example, a visual evaluation can be made with regard to
alignment of building corners, vehicles, roads, and so on. This
visual evaluation process would be significantly more difi-
cult or impossible without such color coding.

All of the apparatus, methods and algorithms disclosed and
claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
invention has been described 1n terms of preferred embodi-
ments, 1t will be apparent to those of skill in the art that
variations may be applied to the apparatus, methods and
sequence of steps of the method without departing from the
concept, spirit and scope of the invention. More specifically,
it will be apparent that certain components may be added to,
combined with, or substituted for the components described
herein while the same or similar results would be achieved.
All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spint,
scope and concept of the invention as defined.

We claim:

1. A method performed by a computing device for com-
bining a 2D 1image with a 3D 1mage for improved visualiza-
tion of a common scene, comprising:

analyzing said 2D 1image to 1identily selected content based

characteristics of a plurality of first areas 1n said com-
mon scene;
selectively assigning to each area of said plurality of first
areas a different color map tag of a plurality of color map
tags that corresponds to a content based characteristic of
said area, each of said plurality of color map tags 1den-
tifying a different one of a plurality of color maps;

using said plurality of color map tags to assign a different
color map of said plurality of color maps to each of a
plurality of second areas of said 3D 1mage which corre-
spond to said plurality of first areas of said 2D image;

respectively applying said plurality of color maps to data
defining said plurality of second areas of said 3D image;

forming a virtual 3D 1mage from said 2D 1mage by assign-
ing a Z value to pixels 1n said 2D 1mage based on a
contour of a surface defined by first points of said 3D
1mage;

determining color values for second points 1n the virtual 3D

image based on a desired color map; and

creating a fused image by overlaying said 3D 1image and

said virtual 3D image.

2. The method according to claim 1, further comprising
evaluating a performance or quality of a registration process
by visually inspecting said fused image to determine 11 fea-
tures 1n said common scene are properly aligned.

3. The method according to claim 1, wherein said content
based characteristics are selected from the group consisting
of urban content, natural content, water content, and man-
made structure content.

4. The method according to claim 3, wherein said man-
made structure content 1s selected from the group consisting
of buildings, houses, roadways, and vehicles.

5. The method according to claim 1, wherein said 3D image
1s comprised of a plurality of points comprising a 3D point
cloud where each point 1s defined in accordance with an X, Y,
and 7 coordinate axis value, and said 2D 1mage 1s comprised
of aplurality of pixels having a position defined exclusively in
accordance with said X and Y coordinate axis values.
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6. The method according to claim 5, further comprising
assigning each of said plurality of color maps to one or more
points having X, Y, and Z coordinate values within areas in
saild 3D 1mage based on said plurality of color map tags
assigned to corresponding ones of said X, Y coordinate values
of said plurality of areas i1dentified 1n said 2D image.

7. The method according to claim 1, further comprising
removing a portion of said 3D 1image comprising data defin-
ing said surface prior to creating said fused image.

8. The method according to claim 5, wherein said values
are assigned by:

assigning to at least a first one of said plurality of pixels of

said 2D 1image a first Z value of a corresponding one of
said first points of said 3D image that has an X coordi-
nate value and a Y coordinate value that 1s the same
thereol; and

interpolating or estimating a second Z value for at least a

second one of said plurality of pixels of said 2D image 11
none of said first points in said 3D 1mage has the same X
coordinate value and Y coordinate value as said one of
said plurality of pixels.

9. The method according to claim 1, wherein at least one
color map of said plurality of color maps 1s selected to mimic
colors or hues that are commonly associated with said content
based characteristic of the area for which the color map 1s
used.

10. The method according to claim 1, further comprising
registering said 2D image and said 3D 1mage.

11. A system for combining a 2D 1mage with a 3D 1image
for improved visualization of a common scene, comprising:

a computer programmed with a set of instructions for

analyzing said 2D image to i1dentily selected content
based characteristics of a plurality of first areas 1n said
common scene;

selectively assigning to each area of said plurality of first
areas a different color map tag of a plurality of color
map tags that corresponds to a content based charac-
teristic of said area, each of said plurality of color map
tags 1dentifying a different one of a plurality of color
maps;

using said plurality of color map tags to assign a differ-
ent color map of said plurality of color maps to each of
a plurality of second areas of said 3D image which
correspond to said plurality of first areas of said 2D
1mage;

respectively applying said plurality of color maps to data
defining said plurality of second areas of said 3D
1mage;

forming a virtual 3D 1mage from said 2D image by
assigning a 7 value to pixels in said 2D image, each
said 7 value determined based on a contour of a sur-
face defined by first points of said 3D 1mage;

determining color values for second point in the virtual
3D 1mage based on a desired color map on a color
values of a corresponding pixel in said 2D 1mage; and

creating a fused 1mage by overlaying said 3D 1mage and
said virtual 3D 1mage.

12. The system according to claim 11, further comprising
evaluating a performance or quality of a registration process
by visually inspecting said fused image to determine 11 fea-
tures 1n said common scene are properly aligned.

13. The system according to claim 11, wherein said content
based characteristics are selected from the group consisting,
of urban content, natural content, water content, and man-
made structure content.
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14. The system according to claim 13, wherein said man-
made structure content 1s selected from the group consisting,
of buildings, houses, roadways, and vehicles.

15. The system according to claim 11, wherein said 3D
image 1s comprised of a plurality of points comprising a 3D
point cloud where each point 1s defined 1n accordance with an
X, Y, and Z coordinate axis value, and said 2D 1mage 1s
comprised of a plurality of pixels having a position defined
exclusively 1n accordance with X and Y coordinate axis val-
ues.

16. The system according to claim 15, wherein said com-
puter 1s programmed to assign each of said plurality of color
maps to one or more points having X, Y, and Z coordinate
values within areas 1n said 3D image based on said plurality of
color map tags assigned to corresponding ones of said X, Y
coordinate values of said plurality of areas identified 1n said
2D 1mage.

17. The system according to claim 11, wherein said com-
puter 1s programmed to remove a portion of said 3D 1image
comprising data defimng said surface prior to creating said
fused 1mage.

18. The system according to claim 15, wherein said Z
values are assigned by:

assigning to at least a first one of said plurality of pixels of

said 2D 1mage a first Z value of a corresponding one of
said first points of said 3D 1mage that has an X coordi-
nate value and a Y coordinate value that 1s the same
thereof; and

interpolating or estimating a second Z value for at least a ,,

second one of said plurality of pixels of said 2D image 11
none of said first data points 1n said 3D 1mage has the
same X coordinate value and Y coordinate value as said
one of said plurality of 2D pixels.
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19. The system according to claim 11, wherein at least one
color map of said plurality of color maps mimics colors or
hues that are commonly associated with said content based
characteristic of the area for which the color map 1s used.

20. The system according to claim 11, wherein said com-
puter 1s programmed to register said 2D 1mage and said 3D
image.

21. A method performed by a computing device for com-
bining a 2D 1mage with a 3D 1image for improved visualiza-
tion of a common scene, comprising:

analyzing said 2D image to identify selected content based

characteristics of a plurality of first areas 1n said com-
mon scene;
selectively assigning to each area of said plurality of first
areas a different color map tag of a plurality of color map
tags that correspond to a content based characteristic of
said area, each of said plurality of color map tags 1den-
tifying a different one of a plurality of color maps;
registering a 2D 1mage with a 3D 1mage;
using said plurality of color map tags to assign a different
color map of said plurality of color maps to each of a
plurality of second areas of said 3D 1mage which corre-
spond to said plurality of first areas of said 2D 1mage;

respectively applying said plurality of color maps to data
defining said plurality of second areas of said 3D 1mage;

forming a virtual 3D 1mage from said 2D 1image by assign-
ing a 7 value to pixels 1n said 2D image based on a
contour of a surface defined by first points of said 3D
image; and

creating a fused image by overlaying said 3D 1mage and

said virtual 3D 1mage 1n accordance with said registra-
tion.
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