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reduce false positive detection by rechecking color intensities within the coordinates of the found object.
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COLOR AND PATTERN DETECTION SYSTEM

BACKGROUND OF THE INVENTION
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional Patent Applications 61/211657, filed
04/01/2009, entitled “Color and Pattern Detection System”, currently pending, by the same

inventors and hereby incorporated by reference.
TECHNICAL FIELD

The present invention relates to a device and method for acquiring and processing color digital
images to identify objects relevant in an automotive driving environment. In particular a device and

method is shown for recognition of a traffic signal light and the operational state of that light.
RELATED BACKGROUND ART

High-speed digital cameras and image analysis systems have become commonly used for remote
sensing and identification of information. These cameras are becoming more prevalent as
attachments to automobiles, airplanes and other moving objects and vehicles. These cameras can
generally acquire images of approaching objects with an image quality sufficient to identify the
object(s) of interest. The systems aid drivers by warning approaching or nearby dangers. The
systems were first implemented as simple alternatives or additions to the rear view mirror,
especially for large vehicles where visibility behind the vehicle is limited. More advanced systems
warn of nearby vehicles, driving too near the edge of a road and aid in parking of a vehicle.
Systems have been conceived and partially implemented in experimental situations that can go
further and recognize objects in the surroundings of the vehicle. The sensing and recognition of
street signs and traffic signals and warning or informing drivers of such nearby objects has yet to
make it beyond the experimental stage. Sensing and recognition of traffic signs and signals is
useful to the fully able driver in increasing awareness of the surroundings, providing help in
navigation and warnings of potential dangers for the occasional lapse of attention. The partially
disabled driver may be aided by such systems, especially in the cases where the driver suffers from
color blindness and has diminished abilities to recognize the red light used in traffic signals and as

a warning signal.

There are more than 40,000 traffic fatalities per year in the United States alone. Over 90% of

highway accidents have been attributed to human error and perception is a factor in over 80% of all
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highway accidents. Most of this error is due to perceptual and attention failure or to inadequate
highway visibility conditions. Moreover, visibility of warning labels, placement of signs and
warnings, recognition of people and objects, etc are all ultimately an issue in visual perception.

(Green, Marc, PhD, hitp://www. visualexpert.com/why html, Visited March, 2010). There is a need

for devices to aid drivers in the perception of warnings and signals.

Recognizing objects in digital images acquired in a driving system requires processing systems that
can acquire an image of the relevant field of view surrounding the vehicle, differentiate the object
of interest from the background within the image, recognize the shape and color of the object, and
relate that shape and color to a traffic sign or signal that infers information that is relevant to the
driver and then alerting the driver. This must all be done on a time scale such that the driver would
have time to react to the information. Typical stopping distances that include cognition, reaction
time and vehicle response for an automobile are 100 feet at 30 mile per hour and 300 feet at 60
miles per hour. 30 miles per hour corresponds to 44 feet per second. Therefore for a system to be
usable it must acquire an image, process the image to identify an object and alert the driver at more

than 100 feet distance.

An issue with known systems is accuracy of the object recognition and accuracy of alert systems is
critical. False positive alerts will tend to result in driver’s ignoring subsequent accurate alerts.
There are heretofore no systems that provide sufficient discrimination of shapes, accuracy of
identification and do so on a time scale that is useful to alert the driver. Accuracy can be improved
by fully utilizing all information contained within the acquired images. Systems are known that
recognize shapes within an image based upon algorithms such as the Hough transform. Other
approaches make use of a database of shapes and testing the acquired image against this database.
However these systems have not been developed to the point of being commercially viable and
available. Systems are available that make use of object shape but few systems combine this with
object color. No systems are heretofore known that combine the information of object shape, color

and luminance to provide an accurate identification and alert system.

Example prior art patents and patent applications include: US patent application 20060203102,
Yang, published, September 2006; US patent application 20100033571, Fujita, published Feb 2010
and US patent application 20050036660, Otsuka, published Feb 2005.

DISCLOSURE OF THE INVENTION

An imaging and processing system is described that meets the demanding needs of high speed

imaging for remote recognition of objects and traffic signs and signals viewed under normal
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driving conditions. The system relies upon the use of an imager chip, a processing unit
programmed to analyze the image and an output system to alert the driver. In a preferred

embodiment the system recognizes the red light of an electronic traffic signal.

In one embodiment a traffic light detection system consists of an image acquisition device, a circle
detection component, a stop light verification component and a notification component. In one
embodiment the notification means is a sound generation device. In another embodiment the
notification means is a light and in another embodiment the notification means is a video display
alerting the driver to the location of the traffic signal displayed upon the acquired camera view of
the scene. The circle detection component comprises a circular Hough that provides a transformed
three-dimensional matrix based upon the original image. One of the dimensions provides a
cumulated value indicative of points that are the center of circular objects. Other values within the
matrix provide a dimension of the radius of the circular object. The transformed image is then
filtered for circular objects that have size parameters within a predetermined range. In one
embodiment the predetermined range of accepted radii is based upon the camera parameters and
the viewing distance parameters at which traffic signals are to be detected and are consistent with
the size of a traffic light when viewed with that camera at the targeted distance. A stop light
verification component checks identified circles by estimating the average brightness of red, green,
and blue light within the identified circle and comparing these values to threshold values. In

another embodiment the circles may be verified as yellow lights or green lights.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a diagram of an automobile interior and view from that interior showing an arrangement

of components of a color and pattern detection system.

Figure 2 shows a street scene situation wherein an embodiment of the invention is practiced.
Figure 3 is a block diagram of components of an embodiment of the invention.

Figure 4 is a high level flow chart of an embodiment of the invention.

Figures 5 is a block diagram of an embodiment of the invention further showing communication

lines between components.
Figure 6 is a flow chart of an embodiment of preprocessing an image.
Figure 7 is a flow chart of the object identification and verification embodiment of the invention.

Figure 8 is a flow chart for a color measurement embodiment of the invention.
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DETAILED DESCRIPTION

Figure 1 depicts an embodiment of the invention as installed in an automobile or truck vehicle. The
inventive system 100 includes a camera 101 installed on the vehicle in such a fashion that it can
acquire images in the direction of interest, in this case in the direction of forward travel of the
vehicle. Cameras may be of the type using charge coupled devices (CCD) as sensors or
Complementary metal-oxide—semiconductor (CMOS) devices. Sensor sizes may range from less
than a megapixel to several pixels. The camera is electrically connected 108 to image acquisition
and processing electronics 102 which are further described in Figures 3 and 5 below. The Processor
output is connected to output devices 103 — 106 that are used to signal the driver 112 of an
approaching object of interest such as a traffic light 109. Exemplary output devices include a light
103, a speaker 104, a buzzer 105 and video output 106. The video output display may include
output from the processor indicating a warning as well as an image 107 that shows the object
detected. In the instant case shown a traffic light 109 is detected by the system. In another
embodiment the output display 106 also includes functions as a touch screen for user input of
operating parameters. In the example shown, the yellow portion of the light 111 illuminated. The
red portion of the light is dimmed. The user has selected parameters indicating a warning to be
signaled upon detection of a yellow light. The system provides that warning through a light
illuminated 103 in the drivers view, and a view of the yellow light illuminated on the video out
device 107. The operator may select parameters to indicate that particular colors of objects shall
trigger an alert, as was done in this exemplary case of the yellow light, or to indicate particular
colors are to be ignored. The user may also select the type of alert to be issued such as an
illuminated warning light, a flashing warning light a computer generated verbal through a speaker
104, a buzzer alert 105 or a video display indicative of a particular traffic situation. In this
exemplary case the illumination of a yellow traffic light. In a preferred embodiment the system
parameters are defined to detect an illuminated red traffic light and provide an alert on the basis of

a red traffic light whose image size falls within a range of selected and adjustable parameters.

Figure 2 shows an exemplary embodiment as viewed from outside a vehicle. The system is
installed in a vehicle 201 operated by a driver 202 and includes the image acquisition camera 203
as well as the exemplary electronics discussed in conjunction with Figure 1 above. The vehicle is
travelling in the indicated direction 204 and is approaching an intersection that is marked by a
traffic signal 206 and in the example shown the red signal 207 of the signal light is illuminated. The
vehicle and sensor are seen to be a distance 205 from the traffic signal. In one embodiment the

distance 205 is used to define a distance range in which a driver would be alerted as to for example
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the red light being detected as illuminated as shown. Selection of the distance range includes
selection of a minimum and maximum value of the distance 205 that the vehicle is from a potential
traffic signal to be alerted. Selection of a distance range for the distance 205 and a particular lens
and detector on the camera 203 would then set a parameter as to the range of sizes of the light 207
when viewed in the acquired image. In one embodiment the distance at which alerts should be
signaled can be set as a range of values of the distance 205 to the traffic light. Such a selection
would then define a range of values for the size of the image of the light 207 given approximately

by the formula:
Wi =Wo*f/L (1)

Where Wi is the width of the image of the traffic signal feature within the acquired image, Wo is
the width of the actual traffic signal light 207, f is the focal length of the lens on the camera 203,

and L is the distance 205 between the camera 203 and the light. A minimum and maximum value
for the Wi to be used in algorithms looking for circles within the acquired image are defined by

minimum and maximum values for L.

Figure 3 shows an exemplary embodiment of the components of the invention. The scene 300
illuminates a lens 301 in front of a sensor 302. The lens 301 may further include a filter and
aperture to control exposure. The lens may be of fixed focus or variable focus. Light impinging on
the sensor 302 produces an electrical response that is fed through an amplifier 303. The gain of the
amplifier may be adjusted based upon the lighting conditions to produce an output signal that is
optimized for the dynamic range of the analog to digital converter (ADC) 304. The digitized signal
from the ADC is captured by a frame buffer whose output is an array of intensity values for the
colors red, green and blue, each measured at every pixel location contained in the sensor 302. In the
discussion that follows it is assumed that the output of the sensor is used in the form of individual
values of red, green and blue intensities for each pixel location. It is known in the art that the output
can be equivalently characterized by a hue, saturation and luminosity (HSL) value for each pixel
location. The transformation from RGB to HSL is known in the art. Similarly other known
coordinate systems for image descriptions may be used and represent only a transformation of
variables. All discussions that follow may use transformed variable systems to the same effect. The
frame buffer acquires an image at pre-selected intervals set as a parameter by the user or designer
of the system. In a preferred embodiment the frame buffer acquires images at a rate of at least 2
frames per second. The image is stored in memory 306 associated with the processing system the
image storage is typically solid-state memory but may be other types of memory such as magnetic

disk storage. The image array data is passed to processor memory 307 for processing by electronic
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processor 308. The processor may be of any type such as those manufactured by Intel ®
corporation and used in personal computers. Intel® is a registered trademark of Intel Corporation.
The processor acts upon the image data as describe in the following discussions. Exemplary
“acting” upon the image includes filtering, selecting pixels meeting selected color parameters,
averaging of pixel values for noise reduction, applying transformations to enhance edges, applying
Hough transformations to identify circular or other shapes, and verifying the identified circular
objects as traffic signal light s of a particular color and any of the other myriad of operations known
in the art for application to image files. Processed image files may be further stored in Processor
memory 307. The system further includes a user interface 309 that allows input of operating
parameters. Exemplary user interface devices include touch screen video devices as discussed in
conjunction with Figure 1 above, a conventional computer keyboards and a computer mouse. The
user interface for inputting parameters may also be provided by a device that is temporarily
connected to the processor only for the time of loading or changing parameters or a remote wireless
interface that allows loading of parameters remotely, perhaps by a remote user over the Internet.
Finally an embodiment of the system further includes an output driver 310 connected to a means to
alert and inform the operator of the vehicle. The output driver 310 may provide signal to any of the

exemplary devices as discussed above in conjunction with Figure 1.

A block diagram of an embodiment of the invention is shown in Figure 4. An image of the scene
within the field of view of the camera is acquired 401. The image may be preprocessed 402 before
color corrected and adjusted to remove noise and artifacts associated with the sensor chip
producing an image 402 of the scene. Preprocessing the image includes smoothing the image,
removing artifacts such as individual pixels that are anomalously bright and convolving the image

with appropriate filters for edge enhancement such as a 2D filter of the form:

{0,0,-1,0,0}
{0,-1,-2,-1, 0}
{-1,-2,16,-2,-1} = mx_sm (2)
{0,-1,-2,-1, 0}
{0,0,-1,0,0}

where the elements of a 5X5 matrix mx_sm are as defined in equation (2) . The convolution of the
matrix mx_sm with the image file produces a transformed image file. Similarly in another
embodiment a Sobel transform, known in the art, is pre-applied to enhance image and facilitate the

subsequent search for circles that would be found within the image and then verified as traffic
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signal lights. After preprocessing the image is searched for circles 403 that have a particular radius
and a particular color. The circles may be selected as having a radius between Rmin and Rmax
where the values of Rmin and Rmax are selected on the basis of the search parameters and in
association with the search and alert distance selected for the distance between the vehicle and the
traffic signal as discussed in conjunction with Figure 2 above. In one embodiment the particular
color of interest is selected by averaging values for red green and blue across the detected circle
and comparing these average values with the a user selected of ranges for values of red green and
blue. Circles whose color does not fall within the selected range would then be rejected. The range
can be selected for any particular range of the values of red green and blue and therefore the
detection could filter for circles of any particular color. In a preferred embodiment the parameters
are set for a minimum value of red and a maximum value for green and blue intensities to detect a
red traffic signal light. Once a circle is found and verified as to color and size the output 404 of the
transform is an identification of a circle 405 with center location 406. A test 407 is then made as to
whether there are features detected that meet the pre-selected parameters. In one embodiment the
test would be is the count of detected and verified features greater than zero. In a preferred
embodiment the test is whether the count of red circles of a given diameter is greater than zero and
as such would indicate detection of a traffic light. In other embodiments the test might include a
minimum number of features or a combination of features. Detected features selected on the basis
of shape, size and color. In other embodiments the Hough transform parameters are set to search
for objects shaped other than a circle. Exemplary shapes are rectangles, squares and ellipses. If
detection is found positive the vehicle operator is then notified 408 that preselected shapes have
been detected. Notification may be as indicated in discussion of Figure 1 and include indicator
lights, buzzers, and messages on video screens and images on video screens. If no images are found

the path routes back to the starting point of acquire an image 401.

Communication links between components of an embodiment of the invention are shown in Figure
5. The camera 501 acquires and image and passes that image to an embedded processor 502 and in
particular the main image processor 503 component of the embedded processor. The image is then
manipulated and in one embodiment the red components of the image are passed 504 to a processor
section 505. In a preferred embodiment the processor 505 performs a circular Hough transform on
the image and returns 506 the transform matrix of circle centers, radii and locations to the main
processor 503. The main processor then passes the transformed matrix to a check circle processor
508 that checks if the detected circle matches a set of selected parameters. If a match is found a

light (or more general feature) found signal 509 is sent to the main processor 503 and the main
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processor sends a light found signal 510 to a user notification device 511. Exemplary user
notification devices include lights, speakers, buzzers and video devices and were discussed in
conjunction with Figure 1. Non-limiting examples of components 503, 505 and 508 include
computer processor chips such as those manufactured by Intel ® (Intel ® is a registered trademark
of Intel corporation) corporation for use in personal computers, field programmable array

processors and digital signal processors especially those adopted for processing image data.

A more detailed view of a process practiced in embodiments of the invention is shown in Figure 6.
An image is acquired 601 producing an n by m matrix of values for the red, green and blue light
intensity at each pixel location across the array of pixels of the imaging device. The image is then
further processed to enhance the ability to reliably detect targeted features within the acquired
image. In one embodiment the image is filtered for selected colors 602. In this embodiment an n by
m image matrix is then defined for subsequent operations as an n by m matrix of values of
intensities for the selected color. In a preferred embodiment the selected color is red. In another
embodiment the selected color is green and in another embodiment the value is a scaled factor
indicating the intensity for a color that is a combination of red, green and blue intensities. A color
filtered image is further processed to enhance the ability to detect particular features in the image
file. One embodiment includes application of a Sobel transform 603 to the image. The Sobel
transform produces an n by m matrix with values at each of the pixel locations corresponding to the
gradient of the image at that point. Thus the Sobel transform allows one to know if an edge is
detected and based upon the gradient the direction of change in the intensity at that point. The
gradient in the case of a circular feature that is brighter than the surrounding image would point to
the center of the circle that defines the feature. An embodiment of the invention further includes
application of a second derivative transform 604 to the image matrix. The Sobel transform 603 and
the second derivative transform 604 may be performed in serial on the image file. For each point
within the n by m matrix the points detected as an edge in the Sobel transform are then further
tested 605 for a zero crossing in the second derivative in the image file. A zero confirms the edge
detected by the Sobel transform. A nonzero second derivative is indicative there is not actually an
edge and the Sobel transform may then be corrected 606 by setting to zero. The embodiment
therefore includes a redundant edge detection routine to confirm edges and avoid false positive
detection of edges and therefore features. The matrix from the corrected Sobel transform is then

subjected to circle detection 607 discussed in more detail in conjunction with Figure 7.

Figure 7 shows a flow chart for a circle detection process embodiment. The corrected Sobel

transformation 701 provides a starting point for detection of circles using the Hough transform 702.
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The Hough transform, known in the art, accumulates values in each pixel location that correspond
to the accumulated probability that the pixel location of interest is a center of a circle and the radius
of the circle. The Hough transform in this case is modified for increased reliability by only
accumulating values from those points within the corrected Sobel (described in conjunction with
Figure 6) whose gradient vectors point in the direction of the center of the circle and whose radius
would fall within the selected parameter range for the size of the radius in the image of the targeted
object as discussed in conjunction with Figure 2 above and Equation 1. The Hough transform is
then further filtered 703 using a Mexican hat transform to concentrate those spots within the Hough
transform output. Multiple point circle centers are then removed 704 to produce an array with
single point circle centers. The color of the targeted object is then checked 705 against the original
image. The check is done to see that the color of the circle in the original image matches that of the
targeted color of the object. In a preferred embodiment the target object is a red traffic signal light.
The pixels located within the circle found are then checked for red, green and blue intensity values.
If the relative intensity of the green and blue intensity exceeds parameters used to define the red
color of a traffic light the circle is rejected as being a red traffic signal. In another embodiment the
targeted color of the object is green. The circle detect routines operate upon the green intensity
values of the red, green blue array in the original image using the process discussed above. The
pixel locations within a detected circle are then checked for color in that the relative value of the
green intensity must exceed a given value and the relative intensity of the red and blue must be
below given parameters. In a preferred embodiment, parameters are selected upon the basis of the
actual color of a green traffic signal light. If the color of the circle is confirmed as being of the
targeted color a flag is set that a circle has been detected and the location and size of the circle is
transmitted to output 706. The output may then be used as described above to alert the operator that

an object of interest has been detected.

The color confirmation process is further detailed in Figure 8. One issue in detecting the color of a
light is that local hot spots within a lamp may skew the ability to detect the color based upon the
relative level of the red, green and blue intensity. If the luminance is high the intensity values might
in fact be saturated and not give an accurate measure of the relative intensity of the red, green and
blue components. This is overcome through the routine described in figure 8. Starting at the center
of the circle 801 the values of the red, green and blue intensity are first checked 802 to see if all
three color intensities exceed a threshold 803. If the three color intensities exceed the threshold the

intensity values at this radius are ignored 903. If the intensities do not exceed a threshold the values
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are included in the average value for the intensity within the circle. R is then incremented 804 and

checked to see if points are still within the circle and points are checked again 802.

In one embodiment confirming the detecting of the target object comprises comparing an average
of the intensity value for each primary color for pixels in the acquired image and located within the
loci of pixel locations identified as being within the boundaries of the target object, with a
corresponding target range of intensity values for the selected primary color and affirming the
target object is found and located at the loci of pixel locations if the average intensity values for
cach primary color are all within the corresponding target ranges of color intensity values and
disaffirming the target object is found if any one of the average intensity values for each primary
color is outside of the corresponding target range of color intensity values. The average intensity
values for pixels located within the loci of pixel locations are only included in the average if the
sum of the intensity values for within a target range for total intensity and are excluded from the
average if the sum of the intensity vales are not within a target range for total intensity. As an
example for a red traffic signal light the target range for red is that the average intensity is greater
than a selected value and the target range for green and blue is that the average intensity values are
both less than a selected value. Similarly if the method is applied to a green light then the average
value for green would be larger than a selected value and the average value for red and blue would
be less than a selected threshold. The method would similarly apply to any color in the spectrum by
selecting appropriate ranges for the average values of the primary colors. Note that the location of
the object is detected in a transformed matrix and is confirmed in the original image. The
separation of this confirmation step and reverting to analysis of the original image reduces the erros

and false positive indications of a found object.

In the examples the primary colors are selected as red, green and blue. The method could
equivalently be applied if different primary colors were selected, such as cyan, magenta and
yellow. Similarly the method could equivalently be applied if the color space describing the image
were transformed to a hue, saturation and luminance and the average values for pixels within the
location identified as containing the object of interest were then required to fall within a range of

values for hue, saturation and luminance.
Summary

Devices and methods are disclosed for acquiring images and looking for objects within that image
and alerting a user as to found objects. The preferred embodiment is the detection of red traffic

signal lights as viewed from an automobile moving on a roadway. A second embodiment would be

10
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used to detect the green lights of traffic signals. The devices and methods are used to detect circular
objects in the preferred embodiment. Transforms could also be used to detect other shaped objects
and objects of colors other than red and green. The devices provide means to input operating
parameters and alert drivers when target objects are found. Embodiments are included to improve
the reliability and reduce false positive detection by rechecking color intensities within the

coordinates of the found object.

Those skilled in the art will appreciate that various adaptations and modifications of the preferred
embodiments can be configured without departing from the scope and spirit of the invention.
Therefore, it is to be understood that the invention may be practiced other than as specifically

described herein, within the scope of the appended claims.

11
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What is claimed is:

1.

A method of detecting a target object within an image, said target object having a shape, a size,

and a target range of color intensity values for each primary color, said method comprising:

a) acquiring an image from a digital camera, said image comprising a matrix of intensity
values for each primary color for each pixel, and storing said matrix in digital memory, said
camera having a lens with a focal length,

b) defining a target size in the image for the object based upon the focal length and a range of
distances between the camera and the object,

¢) extracting the intensity values for a selected color, said selected color matching the color of
the target object, from the matrix thereby creating a matrix of monochrome intensity values
and storing said monochrome matrix,

d) detecting the pixel locations that represent edges based upon changes in monochrome
intensity values within the matrix of monochrome intensity values thereby creating a matrix
of pixel locations and intensities of edges,

¢) detecting loci of pixel locations, said loci having a shape that matches the shape of the
target object and said loci having a size that falls within the target range of sizes of the
target object, in the matrix of pixel locations and intensities of edges

f) confirming the detecting of the loci of pixel locations, said confirming comprising
comparing the intensity values for red, green and blue of each selected pixel in the original
image, said selected pixels being located at the location of the loci of pixels, with the color
of the target object.

The method of claim 1 where the confirming the detecting of the loci of pixel locations

comprises comparing an average of the intensity value for each primary color for pixels in the

acquired image and located within the loci of pixel locations, with the corresponding target
range of intensity values for the selected primary color and affirming the target object is found
and located at the loci of pixel locations if the average intensity values for each primary color
are all within the corresponding target ranges of color intensity values and disaffirming the
target object is found if any one of the average intensity values for each primary color is outside
of the corresponding target range of color intensity values.

The method of claim 2 where the average intensity values for pixels located within the loci of

pixel locations are included in the average if the sum of the intensity values are within a target

range for total intensity and are excluded from the average if the sum of the intensity vales are

not within a target range for total intensity.
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4. The method of claim 3 where the target object is a red traffic signal light.
5. The method of claim 3 where the target object is a green traffic signal light.

6. A method of alerting a driver of a traffic signal, said traffic signal having a shape, a size, and a

10

15

20

25

30

target range of color intensity values for each primary color, said method comprising:

a) acquiring an image of a view in front of the driver from a digital camera, said image
comprising a matrix of intensity values for each primary color for each pixel, and storing
said matrix in digital memory, said camera having a lens with a focal length,

b) defining a range of target sizes in the image for the traffic signal based upon the focal
length and a range of distances for alerting the driver,

c) extracting the intensity values for a selected color, said selected color matching the color of
the traffic signal, from the matrix thereby creating a matrix of monochrome intensity values
and storing said monochrome matrix,

d) detecting the pixel locations that represent edges based upon changes in monochrome
intensity values within the matrix of monochrome intensity values thereby creating a matrix
of pixel locations and intensities of edges,

¢) detecting loci of pixel locations, said loci having a shape that matches the shape of the
traffic signal and said loci having a size that falls within the range of the target sizes, in the
matrix of pixel locations and intensities of edges

f) confirming the detecting of the loci of pixel locations, said confirming comprising
comparing the average intensity values for red, green and blue of selected pixels in the
image, said selected pixels located in the location of the loci of pixels, with the color of the
traffic signal,

g) alerting the driver of a traffic signal if a traffic signal is detected and confirmed.

The method of claim 6 where the confirming the detecting of the loci of pixel locations

comprises comparing an average of the intensity value for each primary color for pixels in the

acquired image and located within the loci of pixel locations, with the corresponding target
range of intensity values for the selected primary color and affirming the traffic signal is found
and located at the loci of pixel locations if the average intensity values for each primary color
are all within the corresponding target ranges of color intensity values and disaffirming the
traffic signal is found if any one of the average intensity values for each primary color is
outside of the corresponding target range of color intensity values.

The method of claim 7 where the average intensity values for pixels located within the loci of

pixel locations are included in the average if the sum of the intensity values are within a target

13
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range for total intensity and are excluded from the average if the sum of the intensity vales are
not within a target range for total intensity.

9. The method of claim 6 where the traffic signal is a red traffic signal light.

10. The method of claim 6 where the traffic signal is a green traffic signal light.

14



PCT/US2010/029658

WO 2010/115020

| 2unbi4

108$8001d
pue uonisinboe afew|

1/8

SUBSTITUTE SHEET (RULE 26)



WO 2010/115020

202 201

203

204

205

206

2/8

SUBSTITUTE SHEET (RULE 26)

PCT/US2010/029658

Figure 2



PCT/US2010/029658

WO 2010/115020

80¢

108880014

AIOWBIN 1085001

L0€ el

indinQ LI/
oLe

aoBU9IU| JasN l/

sbeio)s | Jayng B
abew| | swelq | oav
] f
/
90¢ ~ G0¢ — $0¢€

€0e

¢ ainbBi4

3/8

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/029658

WO 2010/115020

 24nbi4

YO0 —.
w 90t Sov
L0V
A1 \/V\l/
‘\ P g /////
———————»_ ¢ Wb poy \V ON
L
0]
H v
abew| wuosuel | AoN A/mo#
‘4,/
ﬂ —E0v R
obew| ssaooudalg P abew| alinboy P
< zov <« L0t

4/8

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/029658

WO 2010/115020

\/ 80S

UONEOLION
Josn

G ainbi4

NLLG

: 0Lg
A
£08 / pUNO JU6IT A\\'/

¥

a4 D3y

ﬁmom
[«!_oc:oﬁzm_._

snipe. 312410
y 191U8D) 9D

\(@om

ybnoH Jeinon)

snipel 8|10
1ajuag soaD

l

la—pal abew| 1ndu|——

al

ulew ssaosoud abew)

< BloWE)

\

g0g

0S5

€0

08 LOS

5/8

SUBSTITUTE SHEET (RULE 26)



WO 2010/115020 PCT/US2010/029658

Acquire 601
Image \//
Filter for
color yan 602
<d //

603 — 604

A

2nd

Sobel -

derivative
Transform
Transform
| |
v
605
Compare

-

|

Corrected 606
Sobel /

-

A

Circle 607

Detectlonﬂ//

Figure 6

6/8

SUBSTITUTE SHEET (RULE 26)



WO 2010/115020

703

Figure 7

Corrected
Sobel

y

Hough
Transform
-

y

Filter Hough
Enhance

y

Filter to
single point
centers

4

Check color
of original
image

/

Qutput

If circle
</

7/8

s
|

PCT/US2010/029658

- 701

705

706

SUBSTITUTE SHEET (RULE 26)



PCT/US2010/029658

WO 2010/115020

dooj yIxo
91210 payiuSsp!
josnipelr< y Ji

<l

-l

G08

g 2inbi4
\

o0

an|eA s|yj wody .
uswalou sajdwes aloubl a9 i
o ! ploysa4y} 2Aoqe P 4 4 0=}
Sjul0d a|dwesg

ale sjpuueyD

€1V H

¥08 o8
€08 -

8/8

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings

