wO 2009/009024 A2 | 1IN0 0 OO0 0 R

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization ‘, | [I

) IO O T O O 0

International Bureau

(43) International Publication Date
15 January 2009 (15.01.2009)

(10) International Publication Number

WO 2009/009024 A2

(51) International Patent Classification:
GO6T 3/40 (2006.01) GO6K 9/00 (2006.01)
GO6T 7/00 (2006.01)

(21) International Application Number:
PCT/US2008/008325

(22) International Filing Date: 7 July 2008 (07.07.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/948,069 5 July 2007 (05.07.2007) US

(71) Applicant (for all designated States except US):
SIEMENS ENERGY & AUTOMATION, INC.
[US/US]; Intellectual Property Department, 3333 Old
Milton Parkway, Alpharetta, GA 30202 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): HORTON, David, C.
[US/US]; 2804 Oak Haven Dr., Austin, TX 78704 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT,
RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TJ,
™™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

(54) Title: ARRANGEMENT AND METHOD FOR PROCESING IMAGE DATA

100
SOURCE OF
VIDEO FRAME | ~ 102
DATA
.| REMOTE
- ul
Y
VEHICLE 104
DETECTION |-
ARRANGEMENT

Ve 106

(57) Abstract: A method includes capturing an im-
age and providing video frame data representative of
the image in a first format. The video frame data in
the first format includes a plurality of pixel data, the
pixel data of each pixel containing single color data.
The method also includes generating pixel data of
a detection block representative of a subset of the
video frame data using a homographic association
of pixels of the detection block to the pixel data con-
taining single color data, wherein the pixel data of
each pixel of the detection block contains multiple
color data. The method further contains providing
the detection block to an image detection algorithm.



WO 2009/009024 PCT/US2008/008325

Arrangement and Method for Processing Image Data

This application claims the benefit of United States Provisional Patent
Application Serial No. 60/948,069, filed July 5, 2007, which is incorporated herein by

reference.

Field of the Invention

The present invention relates generally to image capture and detection systems,

and more particularly to methods and arrangements for obtaining image data.

Backeground of the Invention

It is increasingly desirable to employ vehicle detection in traffic control systems.
Detection of the presence and/or approach of vehicles allows fdr improved efficiency in
traffic control. In a simplified example, a traffic signal may not change to green for a
cross street for an indefinite time if there are no vehicles present on the cross street
awaiting the signal. However, if a vehicle approaches the intersection on the cross street,
the traffic signal may be changed responsive to the detection of such approach.

Historically, vehicle detection for traffic control has employed inductive sensors
located under the road surface. The entrance of the automobile into a region near the
inductive sensor changes the sensed magnetic field, thus enabling detection of the
vehicle. A drawback of these systems is the need to implant the inductive sensors under
or in the road surface pavement, which requires significant labor and traffic interruption.
Because video cameras avoid the need to implant equipment below the road surface,
camera-based vehicle detection systems are increasingly desirable.

Camera-based vehicle detection systems using video prbcessing are known. One
type of vehicle detection system performs vehicle detection on select areas of available
video frames provided by a video camera. To this end, a video camera provides video
frame information, typically in a format known as the Bayer format, to a processing
system. The processing system converts the Bayer formatted video to (red-green-blue)
RGB formatted video, which is (or is similar to) the format employed by most digital

video systems.
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The RGB formatted video is then provided to the detection subsystem and
optionally to a viewing device, such as a remotely located laptop or portable computer.
The detection subsystem then employs homographic mapping to isolate specific, select
areas of the video frame for the actual detection algorithms. In particular, vehicle
detection typically does not occur within an entire video frame, but rather in isolated
areas such as portions of a road or near specific objects. The desired areas for detection
are then converted into detection blocks that are standardized for the detection
algorithms.

Thus, for example, a small trapezoidal area of interest in or near an intersection is
converted into a rectangle of a size and orientation that is suitable for the detection
algorithms.

Accordingly, the portion of the video image that is to be analyzed is stored as a
detection block. The video data corresponding to the area of interest is transferred into
the detection block via homographic mapping or warping. The detection block thus
represents video data from the select area of interest.

The detection algorithms then operate with the detection blocks in order to
identify whether moving objects are within the select area of interest. The detection
operations include integration, autocorrelation, center of chromatic mass, background
processing, among others to detect moving vehicles and/or any presence of vehicles.

Algorithmic detection of vehicles using the above techniques consumes a large
amount of computational processing power. The processing engines that are commonly
available in the wider temperature range are quite limited in the maximum processing
speed available. Executing the necessary video processing for vehicle detection can
cause such processors to run “too hot”.

There is a need therefore, for improved video processing that provides advanced

detection needs within a limited processing power budget.

Summary
Disclosed are apparatus and methods that employ image processing and which at

least in some embodiments address the above-mentioned drawbacks of the prior art.
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A first embodiment is a method that includes steps of capturing an image and
providing video frame data representative of the image in a first format. The video frame
data in the first format includes a plurality of pixel data, the pixel data of each pixel
containing single color data. The method also includes generating pixel data of a
detection block representative of a subset of the video frame data using a homographic
association of pixels of the detection block to the pixel data containing single color data,
wherein the pixel data of each pixel of the detection block contains multiple color data.
The method further contains providing the detection block to an image detection
algorithm.

The features and advantages of the above-described embodiment, as well as
others, will become more readily apparent to those of ordinary skill in the art by reference

to the following detailed description and accompanying drawings.

Brief Description of the Drawings

Fig. 1 shows a schematic block diagram of a system for image processing that
includes at least one embodiment of the invention;

Fig. 2 shows a representative schematic diagram of a camera and an image frame;

Fig. 3 shows a representation of two dimensional views of the image frame of Fig.
3 and corresponding detection blocks;

Fig. 4 shows a diagram of a portion 402 of a video frame in mosaiced format;

Fig. 5 shows a flow diagram of an exemplary set of operations that may be used
to generate a detection block from a select video block of video frame data that is in
mosaiced format;

Fig. 6 shows a flow diagram of an exemplary operation that may be used to
generate a look-up table in accordance with at least some embodiments of the invention;
and

Fig. 7 shows a more detailed schematic block diagram of an exemplary

embodiment of the image processing system of Fig. 1.

Detailed Description
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Fig. 1 shows a block diagram of a system 100 for image processing that includes
at least one embodiment of the invention. The system 100 includes a source of video
frame data 102, a vehicle detection arrangement 104 and at least one remote user
interface 106.

The source of video frame data 102 is a device or set of devices that is configured
to provide video frame data in a first format. The first format of video frame data
includes a plurality of pixels, each pixel containing single color data. By way of
example, the source of video frame data 102 is a digital camera or digital video camera
that employs a high-speed CCD (Charge-Coupled Device) or CMOS (Complementary-
Metal-Oxide-Semiconductor) light-sensitive imager arrays as an initial sensor. This array
outputs data values corresponding to individual pixels (individual small picture elements)
according to how much light intensity is measured at that particular pixel within the
imager array. Such devices are well-known.

The first format of the video frame data may suitably comprise a mosaic
formatted data. In particular, many video cameras are configured to generate mosaiced
pixel data, sometimes referred to as Bayer-formatted data. Bayer format cameras
typically includes a color mosaic lens positioned in front of an array of monochrome
CCD detectors, and transmit the luminance value for each element instead of the
individual color components. Fig. 7, discussed further below, shows an exemplary
embodiment that employs a mosaic lens camera 130.

Such a source effectively transmits only one color component value per pixel, and
for each four pixels transferred, two are green pixels, one is a blue pixel, and one is a red
pixel. As a result, green-spectrum video information is effectively subsampled at 50%
resolution, while red and blue information is each effectively subsampled at 25%
resolution. In any event, the frame data includes a plurality of pixels having only single-
color information.

In the interest of further explanation of mosaic formatted data, Fig. 4 shows a
diagram of a portion 402 of a video frame in single color or mosaiced format. The
portion 402 includes a mosaic of single color red, blue and green pixels 404, 406 and 408

respectively.
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Implementation of the invention is not limited to the particular single color mosaic
formats shown in Fig. 4. At least some embodiments of the invention are compatible
with each of the four possible Bayer formats, and can readily be adapted to other similar
subsampling mosaic patterns.

Returning again to Fig. 1, the source of video frame data 102 is operably coupled
to provide the video frame data in the first format to each of the video detection
arrangement 104 and the remote user interface 106.

The video detection arrangement 104 includes data processing equipment and
associated circuitry that is capable of performing image processing as described herein.
The video detection arrangement 104 is configured to employ homographic mapping to
generate a detection block from the video frame data. In this embodiment, the detection
block is representative of a select subset of the video frame image, and typically includes
a portion of the image that has been preselected as potentially containing vehicles to be
detected. Homographic mapping (or warping) is employed to generate a re-aligned view,
for example, a rectangle generated from a trapezoid, such that angled points of view are
rectified into a normal (i.e perpendicular) point of view which aids the detection
algorithms.

In an alternative application, a vehicle detection system may be used in a security
system or other surveillance system that employs rotating cameras. In such a case,
homographic mapping allows various points of view from a moving (e.g. rotating)
camera to be compared and processed from the same point of view. In this alternative
embodiment, the vehicle detection system may be connected to receive the video frame
data from cameras used for general surveillance. General surveillance cameras often are
configured to rotate to cover more area.

Referring again to Fig. 1, the source of video data 102 in this embodiment is
typically a stationary image capturing device. In this case, the homographic mapping is
used to map select portions (and non-standard shapes) of video data into a detection
block. The detection block has a size and shape (square or rectangular) that is compatible
with the detection algorithms. The select portion of the video data is often user selected
and will often have at least some dimensions (size, shape) that differ from that of the

detection block, and typically is significantly larger.
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For example, Figs. 2 and 3 illustrate by way of example how homographic
mapping is employed to generate consistent, normalized representations of select (and
variably shaped and sized) portions of a video frame image. Fig. 2 shows a camera 202
(which may suitably be used as the source of video information 102 of Fig. 1), and an
image frame 204. The image frame 204 consists of the two dimensional field of vision of
the camera 202. In this example, a user has defined two areas of interest 206, 208 in the
image frame. For example, these areas of interest 206, 208 may include approaches to
different parts of a traffic intersection. As can be seen in Fig. 2, the areas of interest 206,
208 are in different locations within the image frame 204, have different shapes, and have
different sizes.

Fig. 3 shows a representation of two dimensional views of the image frame 204,
the areas of interest or image portions 206, 208 and corresponding detector blocks 210,
212. Homographic mapping techniques are used to map the image portions 206, 208 to
like-sized and similarly oriented detection blocks 210, 212. The detection algorithms, not
shown, then work with the detection blocks 210, 212. As a consequence, the same
detection algorithms may be used for a variety of image portions having unique size,
shape and orientation. Such homographic morphing techniques are known.

Referring again to Fig. 1, the vehicle detection system 104 is thus configured to
perform homographic mapping of an image of interest from each video frame received
from the video camera 202, even though the video frame data remains in single color
format. The vehicle detection system 104 is further configured convert the single color
format pixels of the input video to multiple color pixels (e.g. red, green, blue) of the
detection block.

To this end, the vehicle detection system 104 associates each pixel of the
detection block with the pixel data of multiple pixels from the video frame data. Each
pixel of the detection block is associated with pixel data of multiple pixels with different
color data, such that each pixel of the detection block has information representative of
multiple colors. Referring to Fig. 4, for example, a single pixel of the detection block
may contain information from each of a red pixel 404, a blue pixel 406 and a green pixel

408.
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In any event, the resulting detection block thus only contains information from a
small subset of the original video frame, and contains pixels that have been converted or
demosaiced to multiple color format.

Thus, the video detection arrangement 104 is configured to convert the single
color format video data of a portion (and only a portion) of the original video frame data
that corresponds to the detection block into multi-color formatted video data.

In contrast to the prior art, the video detection arrangement 104 only performs
demosaicing of the portion of video frame data that corresponds to the select detection
block, instead of the entire video frame. This saves computational power as the
interpolation schemes used for demosaicing are computationally intensive.

Referring again generally to Fig. 1, the video detection arrangement 104 is further
configured to perform vehicle detection algorithms on one or more detection blocks
generated as described above. Vehicle detection in a video block may be accomplished
using various techniques that are known in the art, such as integration, autocorrelation,
center of chromatic mass, background processing and the like. [please provide a
reference to the SCR patent application on this matter. ].

As discussed above, the remote user interface 106 is also configured to received
the video frame data in the first format. The remote user interface 106 may suitably be a
general purpose or special purpose computing device. The remote user interface 106 is
configured to perform demosaicing (conversion between single color pixel data of
different colors to multiple color pixel data) on the entire image frame of the video frame
data and display the frame data on video screen or display. Further detail regarding the
demosaicing by the user interface 106 is provided below in connection with Fig. 7.

Thus, the above described image processing system 100 provides data that may be
used for both viewing (via the user interface 106) and vehicle detection (via the vehicle
detection arrangement 104) while reducing the computational load in the vehicle
detection processing circuitry.

Fig. 7 shows a more detailed schematic block diagram of an exemplary
embodiment of the image processing system 100 of Fig. 1.

In the embodiment of Fig. 7, the source of video frame data 102 is a digital

camera 130 or digital video recorder that employs an array 132 of high-speed
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monochrome CCD detectors. This array 132 outputs data values corresponding to
individual pixels (individual small picture elements) according to how much light
intensity is measured at that particular pixel within the imager array 132. The camera
130 typically also includes a color mosaic lens 134 positioned in front of the array 132.
The color mosaic lens 134, as is known in the art, filters light such that the luminance
value for each pixel represents intensity of a specific individual color component. The
output of the camera 130 may suitably be a Bayer formatted data such as shown in Fig. 4,
and generally described in U.S. Patent No. 3,971,065, which is incorporated by reference.
As with Fig. 1, the output data of the camera 130 is referred to as video frame data in the
first format. Each set of video frame data consists of a single video frame, which is a still
image.

The camera 130 is operably coupled to provide the video frar;le data in the first
format to each of the video detection arrangement 104 and the remote user interface 106.

The video detection arrangement 104 includes processing circuitry 138 including
at least one memory 136 and associated circuitry that is capable of carrying out the steps
140, 142, 144 and 146 as described herein. The processing circuitry 138 is configured to
receive the video frame data in the first format and generate (step 140) pixel data of a
detection block representative of a subset of the video frame data in which detection of
images is to be performed. To generate the detection block, the processing circuitry 138
uses a look-up table 148 (stored in the memory 136) to associate pixel data of multiple
pixels of the single color video frame data to each pixel of the detection block.

The generated detection block thus comprises pixel data representative of a select
portion of the input video image data. The pixel data for each pixel of the generated
detection block has multiple color components. Fig. 5, discussed below, provides an
exemplary set of steps that carry out the function of step 140 described above.

The processing circuitry 138 is further operable to perform image detection. In
particular, in step 142, the processing circuitry performs vehicle detection algorithms on
one or more detection blocks generated as described above. Vehicle detection in a video
block may be accomplished using various techniques that are known in the art, such as

integration, autocorrelation, center of chromatic mass, background processing and the
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like. Such detection techniques vary and would be known to those of ordinary skill in the
art.

Thereafter, in step 144, the processing circuitry 138 performs control based on the
image detection. By way of example, a traffic signal operation may be altered as a result
of a detection of the presence of a vehicle in one or more of the detection blocks
generated in step 140. In another example, the absence of movement in one or more
monitored areas may result in alteration of the traffic signal operation. Various traffic
control methods based on detected vehicle presénce or movement are known.

In order to perform the above steps 140, 142 and 144, and particularly step 140,
the look-up table 148 must be generated to map select user image portions to the detector
block. In this embodiment, the processing circuitry 138 is operable to generate the look-
up table 148 used for this detection block generation. In particular, the processing circuit
138 may suitably receive input identifying select portions of an image (e.g. image
portions 206, 208 of Fig. 2) in which image detection is to take place via step 142. The
image portion may have a square, rectangular, trapezoidal, parallelogram, or other shape,
and may be of various sizes and locations with the video frame. The input may be
received from the user interface 106. '

The processing circuit 138 then uses homographic mapping, among other things,
to create a look-up table that associates each pixel of a detection block with multiple
single color pixels of an input video frame that correspond to the user-selected image
portion. The multiple single color pixels preferably include different color pixels of the
input video frame such that each pixel of the detection block can have multiple color
information. Fig. 6, discussed further below, shows an exemplary operation in which
such a look-up table 148 may be generated.

Referring again to Fig. 7, as discussed above, the remote user interface 106 is also
configured to receive the video frame data in the first format. The remote user interface
106 in this embodiment is a portable (e.g. “laptop””) computer that is operably coupled to
both the camera 130 and the processing circuit 138. The computer 106 is configured
and/or programmed to perform the steps described herein. The computer 106 is largely
used for set-up and maintenance of the camera 130 and/or the processing circuit 138, and

thus is not necessarily permanently affixed to the system 100.
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As discussed above in connection with Fig. 1, the remote user interface/computer
106 is configured to perform demosaicing (conversion between single color pixel data of
different colors to multiple color pixel data) on the entire image frame of the video frame
data and display the frame data on video screen or display. The frame rate of display at
the computer 106 may suitably be as low as 100 images per minute, which allows for the
demosaicing process in normal personal computing devices.

Various demosaicing operations are known, including nearest-neighbor
interpolation, as a linear interpolation, as a bilinear interpolation, as a cubic spline
interpolation, or as a different type of spline interpolation, typically with better visual
quality yielded by the more complex interpolations. In some embodiments, the computer
106 is configurable to select from a plurality of demosaicing operations, as well as frame
rates so that the balance between frame rate, accuracy and complexity, and available
computer processing power at the user interface/computer 106 can be selectively
adjusted.

As discussed above, during normal operation of a configured system, the look-up
tables 148 for one or more user-selected image portions have already been generated and
stored in the memory 136. The normal operation consists of steps 140, 142 and 144 as
described above.

With regard to step 140, Fig. 5 shows in further detail the operations that are used
to generate a detection block from a select video block of video frame data that is in
mosaiced format.

In step 502, the video frame data in the first format is received from the source of
video frame data 102. As discussed above, the video frame data is in single color
(mosaiced) format.

Steps 504 to 510 represent a for-next loop that indexes through each pixel of the
detection block. Thus, in step 504, the next pixel of the detection block is indexed. This
is referred to herebelow as the current pixel.

In step 506, the location of the current pixel within the detection block is indexed
to the look-up table 148. As discussed above, the look-up table 148 associates each pixel
of the detection block with a plurality of pixels within the video frame data. This

plurality of pixels preferably includes at least one green pixel, at least one blue pixel and

10



WO 2009/009024 PCT/US2008/008325

at least one red pixel of the mosaiced video frame data. In step 508, the pixel data of the
pixels of the video frame data associated with the current pixel is obtained form the video
frame data and stored as the pixel data for the current pixel of the detection block.

In step 510, it is determined whether there are additional pixels in the image
block. If so, then the next pixel is identified in step 504 and the process is repeated
accordingly. If not, then the entire detection block has been created, and step 512 is
executed. In step 512, the detection block is stored in memory, not shown, for use by the
image detection operations 142.

The above operations represent an improvement over the prior art in that the
detection arrangement need not demosaic an entire video frame. Only a select portion of
the video frame data is effective demosaiced. In this embodiment, a look-up table 148 is
used to generate each pixel of the detection block from different colored pixels of the
mosaiced video frame data. The look-up table 148 further accomplishes the homographic
mapping because the selection of the location of pixels of the video frame data
correspond to the pixels of the detection block are identified via homographic mapping.
Thus, the development of a suitable look-up table is required to carry out the above-
described operations.

Accordingly, Fig. 6 shows an exemplary set of operations that may be used to
develop a look-up table that is used to carry out step 506 of Fig. 5 and step 140 of Fig. 7.
In particular, Fig. 6 shows in detail a set of operations that carry out step 146 of Fig. 7. In
addition, the software table provided below includes code for developing the look-up
table. In this embodiment, the look-up table 148 is generated by the processing circuit
138 of the detection arrangement 104. In other embodiments, the processing equipment
in the user interface 106 may perform the steps of Fig. 6 to generate the look-up table
148, which would then be transferred and stored in the memory 148. Nevertheless, in the
present embodiment, the operations of Fig. 6 are carried out by the processing circuit 138
of the image detection arrangement 104.

In step 602, the processing circuit 138 receives input defining a block of a video
frame image that is to be mapped into a detection block. Such a block of video frame
image constitutes a portion of the image field of the camera in which vehicle location or

presence is to be detected and/or monitored. For example, the processing circuit 138

11
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may receive from the user interface 106 information identifying image portions image
portions 206 and/or 208 (see Figs. 2 and 3) for monitoring. The processing circuit 138
receives the information identifying the select image portions in any suitable manner,
such as by identification of the corner pixels of the image portion.

It is noted that the user may define multiple image portions, such as the portions
206 and 208 of Figs. 2 and 3, for monitoring. Steps 604 to 616 of Fig. 6 are performed
separately for each identified image portion. Thus, for example, if image portions 206
and 208 of Figs. 2 and 3 are selected by the user, steps 604-616 are performed to prepare
a look-up table for portion 206, and steps 604-616 are also performed to prepare a
separate look-up table for portion 208.

As an initial step 604, homographic mapping equations are solved for the selected
image portion and the detection block. Homographic mapping equations associate the
detection block (e.g. the block 210), with a portion of an image frame (e.g. portion 206 of
Fig. 3). The detection block and the selected image portion typically have a different size
and/or shape. The selected image portion is also embedded within a larger video frame
(e.g. frame 204 of Fig. 3), whereas the detection block is not. Solving such homographic
equations involves in this case eight unknowns and eight equations. Such homographic
equations and their solutions are known, and an example is provided in the attached
software code.

The resulting homographic equations help provide a translation from a location in
the detection block to a location in the video image data.

In steps 606 to 614, the look-up table 148 is populated on a pixel-by-pixel basis,
using the homography solution from step 604.

In step 606, the next pixel in the detection block is indexed. This pixel is referred
to below as the current pixel. In step 608, the processing circuitry 138 uses the
homography solution from step 604 to associate the current pixel with a pixel of the
video frame within the selected image portion. Thus, for example, if the current pixel is
the upper left corner of the detection block, then homography solution 604 would likely
associate the current pixel with the upper left hand corner of the selected image portion.

As a result, the homography solution is used in step 608 to identify a pixel of the

video frame (within the selected image portion) that corresponds to the current pixel.

12
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This identified pixel is referred to as the corresponding pixel. The corresponding pixel in
each set of video frame data will contain pixel data having single color information.

In step 610, the processing circuitry 138 identifies and selects neighboring pixels
that are configured to have other single colors. For example, if the corresponding pixel is
a red pixel, then the processor in step 610 identifies neighboring blue and green pixels.
Thus, the corresponding pixel and the neighboring pixels should include information for
all of the pixel colors of the output video image data format.

Preferably, the two neighboring pixels are selected such that they include at least
one pixel from a different horizontal line such that the corresponding pixel and the two
neighboring pixels form a cluster. For example, referring to Fig. 4, if the corresponding
pixel is determined in step 608 to be the green pixel 408, then the processor may suitably
select the red pixel 404 and the blue pixel 406 as the neighboring pixels. It is noted that
in Bayer formatted mosaiced data (see e.g., Fig. 4), pixel data from at least two lines is
necessary to obtain representation from all available pixel colors.

In step 612, the table entry for the current pixel is created. The table entry
identifies the locations of the corresponding pixel determined in step 608 and the
neighboring pixels determined in step 610. After step 612, the look-up table 148 has
been populated for at least the current pixel. In this embodiment, the look-up table 148
identifies three single color pixels of the input video frame data that are used to form the
current pixel of the detection block.

In step 614, the processor determines whether a table entry must be determined
for any more pixels in the detection block. If so, then the processor returns to step 606 to
process the next pixel of the detection block. If not, however, then the processor
proceeds to step 616.

In step 616, the processor has completed the look-up table creation operation. The
look-up table 148 now provides a translation from a mosaiced image block having a first
set of dimensions to a demosaiced image block (the detection block) having a second set

of dimensions, including a preferred square or rectangular shape.

Table I shows exemplary software code used for generating the look up table 148. Table

IT shows software code for generating a detection block using the look up table 148.
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Table 1

typedef struct pixel_idx6 { //six-dimensional lookup table
point red;
point green;
point blue;

} pixel_idx6;

typedef struct pixel_idx3 { //New version of the lookup table
unsigned int redidx;
unsigned int greenidx;
unsigned int blueidx;

} pixel_idx3;

typedef enum{REDPIX=0, GREEN1PIX=1, GREEN2PIX=2, BLUEPIX=3} BAYER_RGB;

1
// int Set(tl, bl, br, tr, w=0, h=0) - Set - Setup a new lane.

// Inputs:

/l CPoint tl - Top Left point with respect to rectified rectangle

// CPoint bl - Bottom Left point with respect to rectified rectangle
// CPoint br - Bottom Right point with respect to rectified rectangle
/' CPoint tr - top Right point with respect to rectified rectangle

/! w - user defined width. Set to 0 to automatically defined
1 h - user defined height. Set to 0 to automatically defined
/"

// Processing:

/1. Default width is the average of bottom/bottom width.

/! Default height is the average left/right height.

/2. Homography is computed and stored.

/"

// Return Value:

1 0-0OK

/-1 - Could not compute homography (singular matrix).

/I

int Clane::Set(CPoint tl, CPoint bl, CPoint br, CPoint tr, unsigned w, unsigned h)
{

CDoc *pDoc = GetDocument();

m_TopLeft =tl;

m_TopRight =tr;

m_BotLeft =bl,

m_BotRight = br;

m_Width = (w==0 ? (unsigned)(((br.x-bl.x)+(tr.x-tl.x))/2) : w);

m_Height = (h==0 ? (unsigned)(((bl.y-tl.y)+(br.y-tr.y))/2) : h);

if (ComputeHomography() == -1) return -1;

/! Found homography, compute lookup table

14



WO 2009/009024 PCT/US2008/008325

if (m_LookUpTable != NULL) {
delete [1 m_LookUpTable;
m_LookUpTable = NULL; //
printf("RGB index table deleted\n");

}

if (dmLookupTable != NULL) {
delete [] dmLookupTable;
dmLookupTable = NULL; //
printf("Bayer index table deleted\n");

}

int colorid = pDoc->m_colorid;

//create both demosaicing tables for the present

try {
m_LookUpTable = new CPointS[RECT_WIDTH * RECT_HEIGHT]; /
}

catch (...) {
m_LookUpTable = NULL;
return -1;

}
printf("Creating RGB index table\n");

try {
dmlLookupTable = new pixel_tdx3[RECT_WIDTH * RECT_HEIGHT];
}
catch (...) {
dmlLookupTable = NULL;
return -1;

}
printf("Creating Bayer index table\n");

unsigned pixNum = 0;
for (unsigned y=0; y<RECT_HEIGHT; y++) {
for (unsigned x=0; x<RECT_WIDTH; x++, pixNum++) {

float denom = x*m_Hom[6] + y*m_Hom[7]+1;
float nx = (x*m_Hom[0] + y*m_Hom([1]+m_Hom[2]) / denom + 0.5f;
float ny = (x*m_Hom[3] + y*m_Hom[4]+m_Hom[5]) / denom + 0.5f;

short ix = (short) nx;
short iy = (short) ny;

if ((x<0)ix=0;

if Gy<0)iy=0;

if (ix >= (short)pDoc->m_camImgWidth) ix = (short)pDoc->m_camImgWidth-1;
if (iy >= (short)pDoc->m_camImgHeight) iy = (short)pDoc->m_camImgHeight-1;

#if 0
if (colorid != LUCAM_COLOR_FORMAT_BAYER_RAW) {
m_LookUpTable[y*RECT_WIDTH+x] = CPointS(ix, iy);
} else {
WarpIndices(dmLookupTable[y*RECT_WIDTH+x], ix, iy);
} .
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#else
m_LookUpTable[y*RECT_WIDTH+x] = CPointS(ix, iy);
WarpIndices(dmLookupTable[y*RECT_WIDTH+x], ix, iy);
#endif
}

printf("%s Demosaicing table built correctly\n",(colorid !=
LUCAM_COLOR_FORMAT_BAYER_RAW) ? "RGB" : "Bayer");

return (int)pixNum,

}

/"
// int ComputeHomography() - Compute plane Homography.
// Input parameters:

/ none - use class members only.
/"
// Processing:

// The functions sets up a 8x8 linear equation, solve for homography
/ and stores. The homography is computed from the rectified rectangle
/I *backward* to the trapezoid to allow smooth warping using interpolation.

/"
// Return Value:
/" 0-0K
/' -1 - Could not compute homography (singular matrix).
/
int Clane::ComputeHomography()
{
int 1;

float X[4] = {0, 0, m_Width, m_Width}; // rectified rectangle x coordinates counter clockwise
float Y[4] = (0, m_Height, m_Height, 0}; // rectified rectable y coordinate

float Xtag{4] = {m_TopLeft.x, m_BotLeft.x, m_BotRight.x, m_TopRight.x}; // image region x
coordinates

float Ytag{4] = {m_TopLeft.y, m_BotLeft.y, m_BotRight.y, m_TopRight.y}; // image region y
coordinates '

// set up equation system
float M[8][8];

float B[8];

float *H = m_Hom;

memset(M,0,sizeof(M));
memset(B,0,sizeof(B));
memset(H,0,sizeof(H));

for (i=0; i<4; i++){
M[2#1][0] = X[i];
M[2#][(1]) = Y[i];
M[2*][2] = 1;
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MI[2*i][3] = 0;
MI[2*i][4] = 0;
MI2*i][5] = 0;
M[2*i][6] = -X[i]*Xtagl[i];
M[2*i][7] = -Y[i]*Xtag[i];

M[2*i+1][0] = O;
M[2*1+1][1] = 0;
M[2*i+1][2] = 0;
M[2*1+1][3] = X[i];
M[2*i+1]1[4] = Y[il;
M[2*i+1]{51=1;
M[2*i+1][6] = -X[1]*Ytag[i];
M[2*i+1][7] = -Y[i]*Ytag[i];
B[2*i] = Xtag[i];
B[2*i+1] = Ytag[i];

}

return solve_equations(&M[0]{0], B, H, 8);
}

PCT/US2008/008325

flm==mmm—m=ae == e

// solve_equations - solve system

flm===mm e e —————

int solve_equations( float *mat, float *vect, float *var, int n )

{
int1i,j, k;
float fact, temp;

assert(n >=2);

if(n==2){

return solve_2_equations(mat, vect, var );
}
if(n==3){

return solve_3_equations(mat, vect, var );
}

for(i=0;i<@m1);i++){
if (mat[i*n+i]==0) {
for (j=1i; ((mat[j*n+i] ==0) && (G <n));j++);
if(j==n){
return -1;
)

for(k=0;k<n;k++){
temp = mat[i * n + kJ;
matf[i * n + k] = mat[j * n + kJ;
mat[j * n + k] = temp;

}

temp = vect[i];

vect[i] = vect[j];

vect[j] = temp;

}

for(j=i+1;j<n;j++){
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fact = mat[j * n + 1] / mat[i * n + i];
for(k=0;k<n;k++)
mat[j * n + k] -= (fact * mat[i * n + k]);
vect[j] -= (fact * vect[i]);
}
}

for(i=(n-1);i>0;i--)

for (j=03j<i;j++){
if ( mat[i*n+i] == 0.0)

fact = mat[j*n+i] / EPSILON_S;
else

fact = mat[j*n-+i] / mat[i*n+i];
for(k=0;k<n;k++)

mat[j * n + k] -= (fact * mat[i * n + k]);
vect[j] -= (fact * vect[i]);
}
for(i=0;i<n;i++)

if (mat[i *n+i]==0.0)

var[i] = vect[i] / EPSILON_S;

else
varfi] = vect[i] / mat[i * n + i];

return 0;
}
1
// void WarpIndices(&curPix, ix, iy) - Warp the already-calculated indices
/! of the homographic mapping table to index into
/ the raw Bayer frame image directly and extract
1/l the color coefficients for each pixel in the
/" detector block
// Input parameters:
/I

// fRgblmg &dst - destination image

/I &curPix - pointer to the 3-element entry in the mapping table
1/ that corresponds to this pixel of the detector block

/' ix - x index into the input frame, before warping

/iy -y index into the input frame, before warping

/"

/f No value returned via return

/1 Six coefficients are calculated and stored in the mapping table
1"
/"

void Clane::WarpIndices(pixel_idx3 &curPix, int ix, int iy) {
unsigned int width, topleftpix;
bool firstLine, firstCol;
bool blueLine, greenPix;

CDoc *pDoc = GetDocument();
width = pDoc->m_camImgWidth;
topleftpix = pDoc->m_topleftpix;

firstLine = ((ix < width) && (iy==0)) ?1: 0;
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firstCol = (ix % width) 70 : 1;
blueLine = greenPix = 0;

if ((topleftpix == GREEN2PIX) || (topleftpix == BLUEPIX))
blueLine = 1;

if ((topleftpix == GREEN1PIX) || (topleftpix == GREEN2PIX))
greenPix = 1;

if (iy & 0x01) {
blueLine = (blueLine 70 : 1);
greenPix = (greenPix ? 0 : 1);
/1? blueLine = !blueLine;
/I? greenPix = !greenPix;
}
if (ix & 0x01) {
greenPix = (greenPix 7 0 : 1);
}

if (firstLine && firstCol) {
if (blueLine) {
if (greenPix) {
curPix.redidx = width;
curPix.greenidx = 0;
curPix.blueidx = 1;

}
else {
- curPix.redidx = width + 1;
curPix.greenidx = 1;
curPix.blueidx = 0;
}
}
else {
if (greenPix) {
curPix.redidx = 1;
curPix.greenidx = O;
curPix.blueidx = width;
}
else {
curPix.redidx = 0;
curPix.greenidx = 1;
curPix.blueidx = width + 1;
}
}

}
else if (firstLine) {

if (blueLine) {
if (greenPix) {
curPix.redidx = width + ix;
curPix.greenidx = ix;
curPix.blueidx = ix - 1;

else {
curPix.redidx = width +ix - 1;
curPix.greenidx = ix - 1;
curPix.blueidx = ix;
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}
}
else {
if (greenPix) {
curPix.redidx = ix - 1;
curPix.greenidx = ix;
curPix.blueidx = width + ix;
}
else {
curPix.redidx = ix;
curPix.greenidx =ix - 1;
curPix.blueidx = width + ix - 1;
}
}

}
else if (firstCol) {

if (blueLine) {
if (greenPix) {
curPix.redidx = iy*width - width;
curPix.greenidx = iy*width;
curPix.blueidx = iy*width + 1;

}
else {
curPix.redidx = iy*width + 1 - width;
curPix.greenidx = iy*width + 1;
curPix.blueidx = iy*width;
}
}
else {
if (greenPix) {
curPix.redidx = iy*width + 1;
curPix.greenidx = iy*width;
curPix.blueidx = iy*width - width;
}
else {
curPix.redidx = iy*width;
curPix.greenidx = iy*width + 1;
curPix.blueidx = iy*width + 1 - width;
}
}
}
else { //by far the most likely situation

if (blueLine) {
if (greenPix) {
curPix.redidx = iy*width + ix - width;
curPix.greenidx = iy*width + ix;
curPix.blueidx = iy*width + ix - 1;

}
else {
curPix.redidx = iy*width + ix - width - 1;
curPix.greenidx = iy*width + ix - 1;
curPix.blueidx = iy*width + ix;
}
}
else {

if (greenPix) {
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curPix.redidx = iy*width + ix - 1;
curPix.greenidx = iy*width + ix;
curPix.blueidx = iy*width + ix - width;

else {
curPix.redidx = iy*width + ix;
curPix.greenidx = iy*width + ix - 1;
curPix.blueidx = iy*width + ix - 1 - width;
}
}
}
}
Table II
I/
/ void RectifyBayer(src, dst) - Rectify trapezoid into a rectangle
I using homography warp

// Input parameters:

// bMonolmg &src - source image

/I fRgblmg &dst - destination image

/"

// Processing:

// The function uses backward homography to rectify a trapezoid from

/I the source image to the destination image.

// This version uses a single index three-element lookup table to do a color
/l component reference into the raw Bayer format video frame rather than
//  the earlier two-dimensional pixel lookup into the converted RGB frame
/I The conversion of the pixels from integer to floating-point values

/l also happens here

/"
// Return Value:
// none.
/"
/l Written by: David Horton, Siemens Energy & Automation
I Intelligent Traffic Systems, Austin, Texas
1/ 2/14/2007 & 7/13/2007
/"
/I
void Clane::RectifyBayer(bMonolmg &src, fRgbImg &dst)
{
if (dmLookupTable == NULL) {
printf("Create new zone - [%d, %d] [%d, %d] [%d, %d] [%d, %d]\n", m_TopLeft.x,
m_TopLeft.y,
m_BotLeft.x, m_BotLeft.y, m_BotRight.x, m_BotRight.y, m_TopRight.x,
m_TopRight.y);

int ret = Set(m_TopLeft, m_BotLeft, m_BotRight, m_TopRight, 0, 0);
printf("CLane::Set returned %d\n", ret);

//this creates a new region defined for the current colorid
assert(ret >= 0);

}

unsigned int size = dst.GetHeight() * dst.GetWidth();
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//this is faster than size = dst.GetSize() because GetSize() calls SetOrigin()

unsigned int i;
const unsigned char* k = src.GetData();

#ifndef R

#defineR O

#define clane_changed_flags 1
#endif

#ifndef G

#define G 1

#define clane_changed_flags 1
#endif

#ifndef B

#defineB 2

#define clane_changed_flags 1
#endif

/[Extract correct color component

//information from the raw Bayer mosaic

//R, G, and B can be in any order for correct operation

//and the existing ordering of both are chosen to

/loptimize r&w cache operation

//source code retained here in case these should ever change

for (i=0 ; i<size ; i++){
dst.Pix(1)[R] = (float) *(k + dmLookupTable[i].redidx);
dst.Pix(1)[G] = (float) *(k + dmLookupTable[i].greenidx);
dst.Pix(1)[B] = (float) *(k + dmLookupTable[i].blueidx);

}

PCT/US2008/008325

It will be understood that the above describe embodiments are merely exemplary,

and that those of ordinary skill in the art may readily devise their own implementations

and modifications that incorporate the principles of the present invention and fall within

the spirit and scope thereof.
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I Claim:
1. A method, comprising:
a) capturing an image;
b) providing video frame data representative of the image in a first format

that includes a plurality of pixel data, the pixel data of each pixel containing single color
data;

c) generating pixel data of a detection block representative of a subset of the
video frame data using a homographic association of pixels of the detection block to the
pixel data containing single color data, wherein the pixel data of each pixel of the
detection block contains multiple color data;

d) providing the detection block to an image detection algorithm.

2. The method of claim 1, wherein step c) further comprises associating each pixel
of the detection block with the pixel data of multiple pixels having single color data

representative of multiple colors.

3. The method of claim 1, wherein step c) further comprises associating each pixel
of the detection block with the pixel data of three contiguous pixels of the subset of video

frame data.

4. The method of claim 1, wherein step d) further comprises providing the detection

block such that each pixel includes red, green and blue color data.

5. The method of claim 1, further comprising:
e) providing the video frame data in the first format to a computing device;
f) employing the computing device to demosaic frames of video frame data

in the first format to generate demosaiced frame video data.

6. The method of claim 1, wherein step a) further comprises employing a digital

camera that employs a mosaic lens.
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7. A method, comprising:

a) generating an association between each pixel of a detection block of image
data having a first set of dimensions to a plurality of pixels of a video frame, the plurality
of pixels of the video frame defining an image having a second set of dimensions,
wherein the plurality of pixels comprises less than all of the pixels in the video frame;

b) capturing an image;

c) providing video frame data representative of the image in a first format
that includes a plurality of pixel data, the pixel data of each pixel containing single color
data;

d) generating demosaiced pixel data for the detection block from a subset of
the video frame data using the pixel data and the generated association;

e) providing the demosaiced detection block to a vehicle detection algorithm.

8. The method of claim 7, wherein step a) further comprises:
al)  solving homographic equations to associate a first pixel of the detection
block with a first pixel of the video frame, the first pixel associated with a first color;
a2)  associating the first pixel of the detection block with at least a second

pixel of the video frame, the second pixel associated with a second color;

9. The method of claim 8, wherein step a2) includes associating the first pixel of the
detection block with the second pixel wherein the second pixel adjoins the first pixel of

the video frame.

10. The method of claim 8, further comprising:
a3)  associating the first pixel of the detection block with at least a third pixel

of the video frame, the third pixel associated with a third color.

11. An arrangement, comprising:
a camera arrangement configured to capture an image and provide video frame
data representative of the image in a first format that includes a plurality of pixel data, the

pixel data of each pixel containing single color data;
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a processing circuit configured to
generate pixel data of a detection block representative of a subset of the
video frame data using a homographic association of pixels of the detection block to the
pixel data containing single color data, wherein the pixel data of each pixel of the
detection block contains multiple color data;

provide the detection block to an image detection algorithm.

12. The arrangement of claim 11, wherein the camera arrangement further comprises

a CCD camera and a mosaic lens.

13.  The arrangement of claim 11, wherein the processing circuit is further configured
to associate each pixel of the detection block with the pixel data of multiple pixels having

single color data representative of multiple colors.
14.  The arrangement of claim 11, wherein the processing circuit is further configured

to associating each pixel of the detection block with the pixel data of three contiguous

pixels of the subset of video frame data.
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