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(57) Abstract: An image processing
system is provided, which includes: a

front monitoring device that obtains an
image of a view ahead of a vehicle; a
vehicle position detecting device that
detects the position and orientation of
the vehicle; a map database that stores
road maps; a traffic indicator position
estimating portion that estimates the
position of a traffic indicator (23) based
on the shape of a road ahead of the
vehicle that has been extracted from the
map database, according to the position
of the vehicle that has been detected by
the vehicle position detecting device; an
image processing region setting portion
that sets an image processing region
within the image obtained by the front
monitoring device based on the position
of the traffic indicator that has been
estimated by the traffic indicator position
estimating portion; and a traffic indicator
detecting portion that detects the traffic
indicator from the image processing
region.
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IMAGE PROCESSING SYSTEM AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to an image processing system and method for detecting

a traffic indicator ahead of a vehicle.

2. Description of the Related Art

[0002] With improvement of the performance of on-vehicle cameras and evolution
of information processing technologies, technologies have been proposed in which a
vehicle detects the conditions around the vehicle and encourages the driver to perform an
emergency operation to avoid a danger as needed, and performs an automatic vehicle
control that, for example, brakes the vehicle (for example, see JP-A-10-177699).

[0003] In the technology described in JP-A-10-177699, during route guidance for the
driver of a vehicle, a traffic indicator, such as a traffic signal, is detected from the data of
images captured in the traveling direction of the vehicle when the vehicle is approaching
a diverging point in the directed route, and the route guidance is then performed for the
driver using the detected traffic indicator. In this technology, the regions over which the
image processing is performed are limited to around diverging points, and thus it is
possible to increase the speed of the image processing.

[0004] Also, technologies have been proposed in which, when detecting traffic
signals, searching of traffic signals is performed over the region above the vertical center
of each captured image, assuming that traffic signals are located several meters above the
road surface (for example, see JP-A-2005-098853).

[0005] However, in JP-A-10-177699 describing the technology that detects a traffic
signal, as a traffic indicator, which is located at or near a diverging point, there is no

description regarding a method for estimating the position of a traffic signal. Traffic
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signals are often located at intersections and pedestrian crossings. However, if searching
of traffic signals is performed over the entire region of the image captured at.a diverging
point of the directed route, the load of image processing is still large.

[0006] When searching a traffic indicator in an image, if the coordinate of the traffic
indicator is known with a certain degree of accuracy, the speed of image data processing
increases. For example, the three-dimensional position of a traffic indicator may be
determined from an image or based on the position of the vehicle. In this case, the initial
position of a traffic indicator is an important parameter. However, if the initial position is
fixed at the region several meters above the road surface, the coordinate calculation

diverges in some cases.

SUMMARY OF THE INVENTION

[0007] The invention provides an image processing system and method that
accurately detect a traffic indicator from an image of a view ahead of a vehicle.

[0008] One aspect of the invention relates to an image processing system that
includes: a front monitoring device that obtains an image of a view ahead of a vehicle; a
vehicle position detecting device (e.g., GPS/INS device 2) that detects a position and an
orientation of the vehicle, a map database that stores a road map; a traffic indicator
position estimating portion (e.g., traffic signal position estimating portion 7) that
estimates a position of a traffic indicator based on a shape of a road ahead of the vehicle
that has been extracted from the map database, according to the position of the vehicle
that has been detected by the vehicle position detecting device; an image processing
region setting portion that sets, within an image obtained by the front monitoring device,
an image processing region over which a predetermined image processing is performed,
based on the position of the trafﬁg indicator that has been estimated by the traffic
indicator positioﬁ estimating portion; and a traffic indicator detecting portion (e.g., traffic
signal detecting portion 9) that detects the traffic indicator from the image processing
region through the predetermined image processing.

[0009] Another aspect of the invention relates to an image processing method
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including: obtaining an image of a view ahead of a vehicle; detecting a position and an
orientation of the vehicle; extracting a shape of a road ahead of the vehicle from a road
map database that pre-stores a road map, based on the detected position of the vehicle;
estimating a position of a traffic indicator based on the shape of the road; setting an
image processing region over which a predetermined image processing is performed,
based on the estimated position of the traffic indicator; and detecting the traffic indicator
from the image processing region through the predetermined image processing.

[0010] According to the image processing system and method described above, it is
possible to accurately detect a traffic indicator from an image of a view ahead of the

vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The foregoing and further objects, features and advantages of the.invention
will become apparent from the following description of preferred embodiments with
reference to the accompanyingldrawings, wherein like numerals are used to represent like
elements and wherein:

FIG. 1 is a view showing one example of the configuration of an image processing
system according to the first exemplary embodiment;

FIG. 2 is one example of an image captured by the camera;

FIG. 3A is a view showing one example of the shape of a road that is extracted from
the road map database;

FIG. 3B is a view showing one example of a captured image;

FIG. 4A is a view showing one example of the shape of a road that is extracted from
the road map database;

FIG. 4B is a view showing one example of a captured image;

FIG. 5A is a view showing one example of the shape of a road that is extracted from
the road map database;

FIG. 5B is a view showing one example of a captured image;

FIG. 6A is a view showing one example of the shape of a road that is extracted from
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the road map database;

FIG. 6B is a view showing one example of a captured image;

FIG. 7A is a view showing one example of the shape of a road that is extracted from
the road map database;

FIG. 7B is a view showing one example of a captured image;

FIG. 8A is a view showing one example of the shape of a road that is extracted from
the road map database;

FIG. 8B is a view showing one example of a captured image;

FIG. 9A is a view showing one example of the shape of a road that is extracted from
the road map database;

FIG. 9B is a view showing one example of a captured image;

FIG. 10A is a view showing one example of the shape of a road that is extracted from
the road map database;

FIG. 10B is a view showing one example of a captured irhage;

FIG. 11 is a flowchart indicating a control routine executed by the image processing
system to detect traffic signals; .

FIG. 12A to FIG. 12D are graphs for comparing the time used for image processing
between the case in which a conventional image processing method is used and the case
in which the position of a traffic signal is estimated and a search frame is set based on the
estimated position of the traffic signal;

FIG. 13 is a view showing one example of the configuration of an image processing
system according to the second exemplary embodiment;

FIG. 14 is a flowchart showing a control routine that the image processing system
executes to detect traffic signals;

FIG. 15A, FIG. 15B and FIG. 15C show examples for illustrating the number of steps
and the calculation result of the coordinate of a traffic signal;

FIG. 16A and 16B are images captured when the vehicle is traveling on a two-lane
road;

FIG. 17A and FIG. 17B are images captured when the vehicle is traveling on a road
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having a large width;
FIG. 18A and FIG. 18B are images captured when the vehicle is traveling on a curve;
and

FIG. 19A and FIG. 19B are images captured when the vehicle is traveling on a slope.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0012] Hereinafter, exemplary embodiments of the invention will be descried with
reference to the accompanying drawings. Note that, while a traffic signal is described as
one example of a traffic indicator in the following descriptions, any other traffic
indicators, such as traffic signs, may be used alternatively.

[0013] First Exemplary Embodiment
FIG. 1 illustrates an example of the overall configuration of an image processing system
according to the first exemplary embodiment. The image processing system includes a
GPS (Global Positioning System)/INS (Inertial Navigation System) device 2, a map
database 3, a front monitoring device 4, an image processing device 5, and an output
device 6. The image processing device 5 includes a traffic signal position estimating
portion 7, an image processing region setting portion 8, and a traffic signal detecting
portion 9.

10014] The GPS/INS device 2 receives navigation messages from GPS satellites and
determines the coordinate of the vehicle based on the received messages, and the
GPS/INS device 2 accurately estimates the position of the vehicle using an autonomous
navigation method.

[0015] More specifically, the GPS/INS device 2 determines the position of the
vehicle using electric waves that the GPS/INS device 2 receives from the GPS satellites.
That is, the distance between the vehicle and each GPS satellite can be calculated by
multiplying the time of propagation of electric wave transmitted from the GPS satellite
with the velocity of light. Thus, when determining the position of the vehicle, the
distances to more than three GPS satellites are first calculated, and the intersecting point

of the spheres having radiuses equal to the calculated distances to the respective GPS
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satellites is determined as the coordinate of the vehicle. Note that, by using the navigation
data from the fourth GPS satellite, the clock of the vehicle can be corrected and thus the
coordinate of the vehicle can be determined more accurately.

[0016] Then, based on the determined coordinate of the vehicle, the GPS/INS device
2 accurately estimates the position of the vehicle using an autonomous navigation method
as follows. A vehicle speed sensor that detects the speed of the vehicle and a gyro sensor
that detects the traveling direction of the vehicle are connected to the GPS/INS device 2.
The GPS/INS device 2 continuously accumulates the data of the trajectories of the
vehicle that are defined by the detected vehicle speed and the detected traveling direction
of the vehicle, and the GPS/INS device 2 estimates the position of the vehicle using an
autonomous navigation method based on the accumulated trajectory data. Note that the
information regarding the orientation of the vehicle, which is detected by the gyro sensor,
is provided to the image processing device 5 and used for image data processing.

[0017] Finally, the GPS/INS device 2 accurately determines the present position of
the vehicle using a map-matching method. That is, the present position of the vehicle is
determined by matching the vehicle position, based on the vehicle coordinate obtained
from the navigation messages, estimated by the autonomous navigation method to the
roads and vehicle position indicated on a road map extracted from the map database 3.

[0018] The map database 3 is a database that stores road map information, and the
map database 3 is provided in the form of a hard disk drive, a CD-ROM drive, 2
DVD-ROM drive, or the like. The road map information contains information regarding
road networks and intersections that are defined by the latitude and longitude. More
specifically, the map database 3 is a database provided in the form of data tables
containing the information regarding nodes (crossing points of roads, that is,
intersections) and links (roads via which nodes are connected), which correspond to the
intersections and roads in the actual road networks.

[0019] Among the above data tables, each node table contains the identification
codes and coordinates of nodes, and the number and identification codes of the links

extending from the nodes, and each link table includes the identification codes of links,
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the identification codes of the nodes as the starting and ending points of the links, and the
lengths of the links. Unique identification codes are assigned to the nodes and links, and
therefore the road networks are defined by tracking the identification codes of the nodes
and links.

[0020] The map database 3 also stores the information regarding the length and
width of each road and the number of lanes of each road. Furthermore, the map database
3 stores the information regarding the road types (e.g., highways, national roads, local
roads), buildings (e.g., department stores, land bridges), and traffic regulations (e.g.,
regulation speeds, one-way streets, no U-turns).

[0021] Next, the front monitoring device 4 will be described. The front monitoring
device 4 is formed by a camera, radar, or the like, and detects the conditions ahead of the
vehicle.

[0022] In the case that the front monitoring device 4 is a camera including
photoelectric conversion elements, such as CCDs and MOSs, the light from the front of
the vehicle is converted into electricity using the photo diodes and the accumulated
electric charges are read out as voltages and then amplified. The amplified voltages are
converted to digital signals (A/D conversion), and the digital signals are then converted
into a digital image having certain brightness levels (e.g., 256 levels). For example, the
camera captures images at the frame rate of 30 to 60 fps, and continuously outputs the
data of the captured images to the image processing device 5 while temporarily storing
the data in a predetermined buffer.

[0023] Even when only one camera is used, it is possible to determine the distance to
a subject by image processing. On the other hand, when a stereo camera is used, the
parallax between the two cameras is determined by analyzing the data of two images
captured at the same time. After the parallax is thus determined, the distance at each pixel
can be determined by triangulation based on the parallax, the focal lengths of the cameras,
and the distance between the cameras. In the first exemplary embodiment, the data of
image captured by a single camera is used in view of the load of image processing.

[0024] FIG. 2 is one example of an image captured by the camera. The image in FIG.
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2 shows traffic signals 21, 22. Since the position and orientation of the vehicle have
already been determined by the GPS/INS device 2, if the position of each traffic signal 21,
22 is estimated, the region of the image in which the traffic signals 21, 22 are present can
be estimated with a certain degree of accuracy.

[0025] Meanwhile, in the case where the front monitoring device 4 is a radar, the
shape of an object ahead of the vehicle and the distance to that object can be determined
by measuring the time from when radar pulses are transmitted from the radar to when the
radar pulses return to the radar. The radar device supplies pulse current to a laser diode
and starts time count at the same time. When supplied with the pulse current, the laser
diode outputs laser pulses, which are proportional to the current, in the forward direction.
When the receiving portion of the radar receives the laser pulses reflected from the object
ahead of the vehicle, the radar stops the time count. Because the counted time is
proportional to the distance to the object, the distance to the object can be determined by
multiplying the counted time with an appropriate coefficient.

[0026] The radar continuously transmits laser pulses while changing the transmission
direction such that a predetermined region ahead of the vehicle is scanned. Thus, by
repeating the operation described in the previous paragraph, fhe distance to the object can
be determined at each scanning point. This distance information is stored in a processing
unit, such as a microcomputer, and the processing unit generates image data based on the
scanning directions, the distances to the object, and the orientation of the vehicle.

[0027] The above is how the radar-based front monitoring device 4 obtains images
such as shown in FIG. 2. Note that it is difficult to distinguish different colors (such as,
the signal colors of a traffic signal) in images using a radar.

[0028] The traffic signal position estimating portion 7 of the image processing
device 5 estimates the position of a traffic signal at an intersection based on the shape of
the intersection. Because the present position of the vehicle is determined by the
GPS/INS device 2 as described above, the map of the region around the vehicle, in
particular, the map of roads in the traveling direction of the vehicle can be obtained from

the map database 3, and therefore the shape of the road ahead of the vehicle can be
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determined. There are many traffic signals along each road, however, they are usually
provided at specific positions. In the following, detailed description will be made of how
the position of each traffic signal is estimated based on the presence or absence of an
intersection, the shape of a road, etc.

[0029] The image processing region setting portion 8 of the image processing device
5 sets a region of an image over which searching of traffic signals is performed, based on
the positions of the traffic signals estimated by the traffic signal position estimating
portion 7 and the position and orientation of the vehicle.

[0030] FIG. 3A shows the shape of a road and the present position of the vehicle,
which have been extracted from the map database 3. FIG. 3B shows an image captured
when the position of the vehicle is detected as shown in FIG. 3A.

[0031] According to the shape of the road shown in FIG. 3A, the traffic signal
position estimating portion 7 detects an intersection ahead of the vehicle and estimates
the distance to the intersection. For example, when an intersection is detected, the traffic
signal position estimating portion 7 assumes that a traffic signal is present at a corner
before the intersection, and estimates the distance to the traffic signal based on the road
map. The traffic signal is located several meters above the road surface.

[0032] Because the image processing region setting portion 8 has already obtained
the orientation of the vehicle (the angle 0 of the camera with respect to the traffic signal
in FIG. 3B), the image processing region setting portion 8 can determine the direction in
which an image such as shown in FIG. 3B has been captured with respect to the
intersection. That is, once the position of the traffic signal has been estimated, it is
possible to identify the region of the image in which the traffic signal is likely to be
present, based on the position and orientation of the vehicle. Note that the size of a search
frame may be changed in accordance with the distance between the vehicle and the traffic
signal.

[0033] Indicated by an oblong square in FIG. 3B is a search frame 51 that is a region
in which a traffic signal is estimated to be present by the image processing region setting

portion 8. Thus, the traffic signal detecting portion 9 of the image processing device 5 is
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only required to perform searching of the traffic signal over the region identified by the
search frame 51.

[0034] The traffic signal detecting portion 9 searches the traffic signal by processing
the data of image. For example, the traffic signal detecting portion 9 searches the traffic
signal by template matching. More specifically, in template marching, an image of a
standard traffic signal, which is a template, is overlaid on the image and continuously
displaced pixel by pixel so as to scan the entire region of the search frame 51 or the entire
region of the image. During the scanning, for example, the traffic signal detecting portion
9 calculates the degree of matching between the brightness distribution of the template
image and that of each scanned portion of the image, and determines the position of the
temperate at which the degree of matching is highest as the position of the traffic signal.
Regarding distinction of red, blue, and yellow, the position with the highest brightness
among the three circles of the traffic signal is determined as being turned on. Note that
machine learning, such as support vector machine or neutral network, may be used for the
image processing for detecting traffic signals. When detecting traffic signals, learning
databases each containing a template of a traffic signal having a different size may be
used. In this case, the learning databases are selectively used based on the distance to the
traffic signal, and therefore the accuracy of detection improves.

[0035] The output device 6 is a liquid crystal display, an organic electroluminescent
display, a head-up display, or the like, which displays road maps, traffic information, and
a route to a destination. A speaker is connected to the output device 6. The speaker 6
generates a sound notifying the position of a traffic signal and a cautionary sound.

[0036] Next, more detailed description will be made of how the image processing
region setting portion 8 sets a search frame. Two or more of the following methods may
be used in combination provided that no conflict occurs between them. When using two
or more methods that conflict each other, it is recommended that one of the methods be
used in advance, and if no traffic signal is detected by that method, the next method then
be used.

[0037] 1) When a traffic signal is estimated to be above a road
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FIG. 4A shows the shape of a road ahead of the vehicle, which has been extracted from
the map database 3, and FIG. 4B shows an image captured when the position of the
vehicle is detected as shown in FIG, 4A.

[0038] According to this method in which a traffic signal is estimated to be above a
road, the image processing region setting portion 8 sets the width of the search frame to
be substantially equal to the width of the road. The information regarding the width of the
road is stored in the map database 3. In the case that the width of the road is not recorded
in the map database 3, the image processing region setting portion 8 identifies the width
of the road on the image by processing the image data.

[0039] When guardrails are provided and white lines are drawn along the right and
left sides of the road, the captured image shows portions each having a certain level of
brightness and extending in the substantially vertical direction of the image, and the
region between these portions can be determined as indicating the width of the road.
When curbs each painted to indicate no parking zone or no waiting zone are provided
along the sides of the road, the width of the road can be determined as in the case of
guardrails and white lines. In the case that a radar is used to monitor the conditions ahead
of the vehicle, the shape of each guardrail or curb is detected by the radar, and therefore
the width of the road can be determined in the same manner as described above.

[0040] After determining the width of the road, the image processing region setting
portion 8 then sets a search frame 52 having a width substantially equal to the width of
the road, based on the position of the vehicle obtained from the GPS/INS device 2, the
distance to the intersection, and the orientation of the vehicle. As such, in the method
described above, the search region can be made smaller than it is when searching of the
traffic signal is performed over the entire region of the image.

[0041] ii) When traffic signals are estimated to present be before or after an
intersection, respectively
FIG. 5A shows the shape of a road ahead of the vehicle, which has been extracted from
the map database 3, and FIG. 5B shows an image captured when the position of the

vehicle is detected as shown in FIG. 5A.
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[0042] According to this method, the traffic signal position estimating portion 7
estimates traffic signals to be located before and after an intersection, respectively. The
image processing region setting portion 8 sets a search frame 53 for the traffic signal
located before the intersection and a search frame 54 for the traffic signal located after the
intersection, based on the position of the vehicle, the distance to a predetermined point
before the intersection, the distance to a predetermined point after the intersection, and
the orientation of the vehicle, which are obtained from the GPS/INS device 2.

[0043] As such, in the method described above, the search region can be made
smaller than it is when searching of the traffic signals is performed over the entire region
of the image.

[0044] Note that the width of each search frame 53, 54 may be set substantially equal
to the width of the road, or may be set slightly greater than the width of the road for some
margin. Also, the size of the image processing region can be reduced by making the size
of the frame 54, which is set for the traffic signal located after the intersection, smaller
than the search frame 53, which is set for the traffic signal located before the intersection,
according to the difference in the distance from the vehicle.

[0045] iii) When traffic signals are estimated to be located before and after a crossing
road across the crossing road
FIG. 6A shows the shape of a road ahead of the vehicle, which has been extracted from
the map database 3, and FIG. 6B shows an image captured when the position of the
vehicle is detected as shown in FIG. 6A.

[0046] According to this method, the traffic signal position estimating portion 7
estimates a traffic signal to be located before an intersection and another traffic signal to
be located behind the foregoing traffic signal by the distance substantially equal to the
width of a crossing road. The image processing region setting portion 8 sets a search
frame 55 for the traffic signal located before the intersection and a search frame 56 for
the second traffic signal located after the intersection, based on the position of the vehicle,
the distance to the intersection, and the orientation of the vehicle, which are obtained

from the GPS/INS device 2, and based on the width of the crossing road, which is
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extracted from the map database 3.

[0047] As such, in the method described above, the search region can be made
smaller than it is when searching of the traffic signals is performed over the entire region
of the image.

[0048] Note that the width of each search frame 55, 56 may be set substantially equal
to the width of the road, or may be set slightly greater than the width of the road for some
margin. Also, the size of the image processing region can be further reduced by making
the size of the search frame 56, which is set for the traffic signal located after the
intersection, smaller than the size of the search frame 55, which is set for the traffic signal
located before the intersection, according to the difference in the distance from the
vehicle.

[0049] iv) When the vehicle is traveling on a wide road and traffic signals are
estimated to be located at the corners of an intersection
FIG. 7A shows the shape of a road ahead of the vehicle, which has been extracted from
the map database 3, and FIG. 7B shows an image captured when the position of the
vehicle is detected as shown in FIG. 7A.

[0050] A “wide road” is a road having at least a certain number of lanes or having at
least a certain width. In thé case of an intersection of such a wide road, traffic signals are
sometimes provided at the corners of the intersection so that drivers can easily find each
traffic signal.

[0051] According to this method, the traffic signal position estimating portion 7
estimates a traffic signal to be located at each corner of the intersection. Thus, in the case
of the road shape shown in FIG. 7A, four search frames are set for the four corners of the
intersection, respectively.

[0052] Specifically, the image processing region setting portion § sets search frames
57 to 60 for the respective corners in the image, based on the position of the vehicle, the
distance to each corner, and the orientation of the vehicle, which are obtained from the
GPS/INS device 2.

[0053]) Note that the width of each search frame may be set to be substantially half



10

15

20

25

WO 2007/102065 PCT/IB2007/000512
14

the width of the road, or to be slightly greater than the half width for some margin. Also,
the size of the image processing region can be further reduced by making the size of the
search frames 58, 60, which are located before the intersection, smaller than the search
frames 57, 59, which are located after the intersection, according to the difference in the
distance from the vehicle.

[0054] Thus, when the width of the road is large, by limiting the position of a traffic
signal to each corner of the intersection, the search region can be made smaller than it is
when searching of the traffic signals is performed over the entire region of the image or
across the entire width of the road.

[0055] v) When the vehicle is traveling on a curve

FIG. 8A shows the shape of a road ahead of the vehicle, which has been extracted from
the map database 3, and FIG. 8B shows an image captured when the position of the
vehicle is detected as shown in FIG. 8A.

[0056] When the vehicle is traveling on a curve, the traveling direction of the vehicle
and the position of a traffic signal do not match, and therefore a search frame is set in
accordance with the curvature of the road. When the road to the intersection bends as
shown in FIG. 8A, the position of a traffic signal for the intersection is offset frontward
from the intersection by a predetermined distance so that drivers can find the traffic
signal beforehand. In general, the offset distance L1 (offset) is obtained as a function of a

curvature K of the curve, and calculated as below:

L1 (offset) =CI XK ....(1)

In the above equitation, C1 is a given constant. The traffic signal position estimating
portion 7 thus calculates the offset distance L1 (offset) and estimates the position of the
traffic signal.

[0057] Then, the image processing region setting portion 8 sets the position of a
search frame 61 based on the position of the vehicle, the angle® between the

intersection and the orientation of the vehicle, and the distance to the intersection, which
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are obtained from the GPS/INS device 2.

[0058] Also, the image processing region setting portion 8 sets the position of a
search frame 62 based on the offset distance L1 (offset), and based on the position of the
vehicle, and the distance to the intersection, which are obtained from the GPS/INS device
2.

[0059] Note that the width of each search frame 61, 62 may be set to be substantially
equal to the width of the road, substantially half the width of the road, substantially equal
to the width of one lane of the road, or slightly greater than each of them for some margin.
Also, the size of the image processing region can be further reduced by adjusting the size
of each search frame 61, 62 in accordance with the difference in the distance from the
vehicle.

[0060] In the method described above, even if the road is a curve, by limiting the
position of each traffic signal in accordance with the curvature of the road, the search
region can be made smaller than it is when searching of the traffic signals is performed
over the entire region of the image.

[0061] vi) When the vehicle is traveling on a slope

FIG. 9A shows the inclination of the road, which is extracted from the map database 3,
and FIG. 9B shows an image captured when the position of the vehicle is detected as
shown in FIG. 9A.

[0062] In the case of an intersection of an inclined road, a traffic signal is located a
predetermined offset distance before the intersection so that drivers can easily find the
traffic signal. The offset distance L2 (offset) is obtained as a function of an inclination o

and calculated as below:

L2 (offset) =C2x o .....(2)

In the above equation, C2 is a given constant. Thus, the traffic signal position estimating

portion 7 calculates the offset distance L2 based on the inclination o of the road, and the

image processing region setting portion 8 sets the position of a search frame 63 based on
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the position of the vehicle and the distance to the intersection, which are obtained from
the GPS/INS device 2. Note that, even when the vehicle is traveling on an inclined road,
the vehicle and the road surface remain parallel to each other, and therefore the position
of the vehicle relative to the position of the traffic signal, which is provided several
meters above the road surface, is not so different from when the vehicle is traveling on a
flat road.

[0063] Note that the width of the search frame 63 may be set to be substantially
equal to the width of the road, substantially half the width of the road, substantially equal
to the width of one lane of the road, or slightly greater than each of them for some margin,
depending upon the width of the road.

[0064] Accordingly, when the vehicle is traveling on an inclined road, by limiting the
position of a traffic signal in accordance with the inclination of the road, the search
region can be made smaller than it is when searching of the traffic signal is performed
over the entire region of the image.

[0065] vii) When the vehicle is traveling on a narrow road

FIG. 10A shows the shape of a road ahead of the vehicle, which has been extracted from
the map database 3, and FIG. 10B shows an image captured when the position of the
vehicle is detected as shown in FIG. 10A.

[0066] In the case of an intersection of a narrow road, a traffic signal is sometimes
located at the center of the intersection. Here, “the center of the intersection” corresponds
to the lateral center of the road or the vicinity thereof. The information regarding the
width of the road on which the vehicle is traveling is stored in the map database 3.

[0067] The image processing region setting portion 8 sets a search frame 64 in the
image based on the position of the vehicle, the distance to the intersection, and the
orientation of the vehicle, which are obtained from the GPS/INS device 2, and based on
the width of each of the two roads, which are extracted from the map database 3.

[0068] As such, in the method described above, the search region can be made
smaller than it is when searching of the traffic signal is performed over the entire region

of the image.
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[0069] Note that the width of the search frame 64 may be set substantially equal to
the width of the road, or may be set slightly greater than it for some margin.

[0070] As described above, the image processing system 1 according to the
exemplary embodiment, when the vehicle is approaching an intersection, estimates the
position of each traffic signal and sets search frames in accordance with the width of the
road, the shape of the road, etc.

[0071] FIG. 11 is a flowchart indicating a control routine executed by the image
processing system to detect traffic signals. The control routine starts in response to the
ignition being turned on or to the vehicle starting moving.

[0072] When the vehicle is traveling, the GPS/INS device 2 obtains the position and
orientation of the vehicle (S1). The image processing device 5 then obtains the road maps
around the present position of the vehicle, especially the roads maps of the regions in the
traveling direction of the vehicle (S2).

[0073] The front monitoring device 4 obtains images at a predetermined frame rate
and output the images to the image processing device 5 (S3).

[0074] Next, the traffic signal position estimating portion 7 estimates the position of
a traffic signal based on the shape of the road extracted from the road map. That is, the
traffic signal position estimating portion 7 determines whether there is an intersection
(S4), and if there is an intersection (S4: YES), the traffic signal position estimating
portion 7 estimates the position of the traffic signal based on the width of the road, the
width of the crossing road, the curvature of the road, the inclination of the road, and so on
(S5).

[0075] After the position of the traffic signal is thus estimated, the image processing
region setting portion 8 sets, in the image, a search frame that covers the region in which
a traffic signal is estimated to be present (S6). When there are two or more estimated
positions of the traffic signal, two or more search frames may be set based on the
priorities assigned to the respective estimated positions.

[0076] The traffic signal detecting portion 9 searches the traffic signal in the search

frame by template matching, or the like (S7).
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[0077] If no traffic signal is detected (S8: NO), the traffic signal detecting portion 9
searches the traffic signal by performing image processing to the entire image, that is, to
the entire region around the intersection (S9).

[0078] On the other hand, if the traffic signal is detected in step 7 (S8: YES), a
predetermined control is performed, such as detecting the vehicle speed and notifying the
driver if the detected vehicle speed is higher than a predetermined level (S10).

[0079] Result of detection of traffic signals in the first exemplary embodiment
Hereinafter, description will be made of the result of the process that is performed by the
image processing system 1 of the first exemplary embodiment to detect traffic signals
when the vehicle is traveling at 60km/h.

[0080] FIG. 16A and 16B are images captured from the vehicle when the vehicle is
traveling on a two-lane road. The region indicated by the frame in FIG. 16A is the search
region set when image processing is performed over the entire region around the
intersection, as in the conventional methods.

[0081] Shown in FIG. 16B are search frames set based on the presumption that traffic
signals are located above a road (i) and located before and after the intersection,
respectively (ii) or (iit).

[0082] FIG. 12 is a graph for comparing the time used for image processing between
the case in which a conventional image processing method is used and the case in which
the position of a traffic signal is estimated and a search frame is set based on the
estimated position of the traffic signal. In FIG. 12, each of the white bars represents the
time used when the entire region around the intersection is searched, while each of the
black bars represents the time used when a search frame is set and searching of traffic
signals is performed within the search frame.

[0083] Referring to FIG. 12A, when image processing is performed to the image
shown in FIG. 16A and FIG. 16B, it takes 120 msec before detecting a traffic signal when
searching of the traffic signal is performed over the entire region around the intersection,
and 80 msec when the searching is performed using a search frame.

[0084] FIG. 17A and FIG. 17B are images captured when the vehicle is traveling on a
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wide road. This road has three lanes.

[0085] The region indicated by the frame in FIG. 17A is the search region set when
image processing is performed over the entire region around the intersection.

[0086] Also, in FIG. 17B, a traffic signal is estimated to be located at each corner of
the intersection (iv), and search frames are set accordingly, that is, four search frames are
set.

[0087] Referring to FIG. 12B, when image processing is performed to the image
shown in FIG. 17A and FIG. 17B, it takes 110 msec before detecting a traffic signal when
searching of the traffic signal is performed over the entire region around the intersection,
and 50 msec when the searching is performed using a search frame.

[0088] FIG. 18A and FIG. 18B each show an image captured when the vehicle is
traveling on a curve.

[0089] The region indicated by the frame in FIG. 18A is the search region set when
image processing is performed over the entire region around the intersection.

[0090] In FIG. 18B, a traffic signal is estimated to be located the offset distance
L1(offset) before the intersection (v) and a search frame is set accordingly.

{0091} Refesring to FIG. 12C, when image processing is performed to the image
shown in FIG. 18A and FIG. 18B, it takes 100 msec before detecting a traffic signal when
searching of the traffic signal is performed over the entire region around the intersection,
and 40 msec when the searching is performed using a search frame.

[0092] FIG 19A and FIG. 19B each show an image captured when the vehicle is
traveling on an inclined road.

[0093] The region indicated by the frame in FIG. 19A is the search region set when
image processing is performed over the entire region around the intersection.

[0094] In FIG 19B, a traffic signal is estimated to be located the offset distance L2
(offset) before the intersection (vi) and a search frame is set accordingly.

[0095] Referring to FIG. 12D, when image processing is performed to the image
shown in FIG. 18A and FIG. 18B, it takes 100 msec before detecting a traffic signal when

searching of the traffic signal is performed over the entire region around the intersection,
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and 45 msec when the searching is performed using a search frame.

[0096] According to the first exemplary embodiment of the invention, as evident
from FIG. 12A to 12D, the time needed for image processing for detecting a traffic signal
is reduced by estimating the position of the traffic signal and setting a search frame
accordingly.

[0097] Second Exemplary Embodiment
According to an image processing system of the second exemplary embodiment, the true
coordinate of a traffic signal is calculated through predetermined calculations using, as an
initial value, the position of the traffic signal which is estimated by the traffic signal
position estimating portion 7 on the road map, and the calculated true coordinate of the
traffic signal is recorded in a database. Note that the position of a traffic signal will be
referred as “the coordinate of a traffic signal” where appropriate and the coordinate of
each traffic signal is defined by the latitude, longitude, and altitude. According to this
image processing system, because the true coordinate of a traffic signal is recorded in the
database, the speed of image processing increases.

[0098] FIG. 13 shows one example of the configuration of the image processing
system according to the second exemplary embodiment. In FIG. 13, the components that
are the same as those in FIG. 1 will be designated by the same numerals and their
description will be omitted. The image processing system in FIG. 13 is different from that
in FIG. 1 in that the image processing system in FIG. 13 includes a traffic signal position
calculating portion 11 and a spatial model database 10.

[0099] The traffic signal position calculating portion 11 calculates the true coordinate
of a traffic signal using, for example, a Kalman filter. The Kalman filter is a filter
(algorithm) that is used to find the most appropriate estimated value, as a true value, from
observed values including noises. More specifically, a Kalman filter is a state estimation
type filter that applies, in calculation, the present estimated value to the previous
estimated value so as to estimate a value closer to the true value. In the second exemplary
embodiment, the true coordinate of a traffic signal is repeatedly calculated at each frame,

using the values obtained from the captured images and based on the position and
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orientation of the vehicle.

[0100] Because the information regarding the position and orientation of the vehicle
has been input to the traffic signal position calculating portion 11, when a traffic signal is
detected from an image, the traffic signal position calculating portion 11 can determine
the positional relationship in three dimensions between the vehicle and the traffic signal.
Thus, the coordinate of the detected traffic signal can be determined from the position
and the orientation of the vehicle. The position and orientation of the vehicle include
errors and therefore the calculated coordinate of the traffic signal also includes errors.
However, because images are continuously captured at a high rate, such as several tens of
images in a second, it is considered that, as the estimation of the coordinate is thus
repeated, the estimated coordinate approaches the true value. Also, if the coordinate that
is finally recorded before the vehicle passes through the intersection is recorded, it is
possible to use the recorded coordinate as an initial value when the vehicle passes
through the same intersection next time, and this makes it possible to estimate a value
closer to the true \./alue.

[0101] A spatial mode database 10 is a database that records the coordinates of
traffic signals calculated by the traffic signal position calculating portion 11. That is, the
spatial model database 10 records the coordinates of traffic signal that are calculated
when the vehicle passes through each intersection, associating each coordinate with the
corresponding intersection node and the date and time at which the vehicle passed
through the intersection. Thus, from next time the vehicle passes through the same
intersection, the position of the traffic signal, when setting the image processing region,
can be estimated more accurately using the recorded coordinate of the traffic signal.

[0102] FIG. 14 is a flowchart showing a control routine that the image processing
system executes to detect traffic signals. In FIG. 14, the components that are the same as
those in FIG. 11 will be designated by the same numerals.

[0103] When the vehicle is traveling, the GPS/INS device 2 obtains the position and
orientation of the vehicle (S1). The image processing device 5 then obtains the road maps

around the present position of the vehicle, especially the roads maps of the regions in the
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traveling direction of the vehicle (52).

[0104] The front monitoring device 4 obtains images at a predetermined frame rate
and outputs the images to the image processing device 5 (S3).

[0105] Next, the traffic signal position estimating portion 7 estimates the position of
a traffic signal based on the shape of the road that is extracted from the road map. That is,
the traffic signal position estimating portion 7 determines whether there is an intersection
(S4), and if there is an intersection (S4: YES), the traffic signal position estimating
portion 7 estimates the position of the traffic signal based on the width of the road, the
width of the crossing road, the curvature of the road, the inclination of the road, and so on
(S3).

[0106] After the position of the traffic signal is thus estimated, the image processing
region setting portion 8 sets, in the image, a search frame that covers the region in which
a traffic signal is estimated to be located (S6). If there are two or more estimated
positions of the traffic signal, two or more search frames may be set based on the
priorities assigned to the respective estimated positions.

[0107] The traffic signal detecting portion 9 detects the traffic signal from the search
frame by template matching, or the like (S7).

[0108] Next, the traffic signal calculating portion 11 determines whether the detected
traffic signal has been detected for the first time through image processing (S18). That is,
the image data of this traffic signal is regarded as having been obtained for the first time,
if the first image data of the traffic signal is detected in those images that have been
continuously captured by the front monitoring device 4 when the vehicle passes through
an intersection for the first time.

[0109] If it is determined that the image data of the traffic signal has been obtained
for the first time (S18: YES), the traffic signal calculating portion 11 sets the coordinate
of the traffic signal, which has been estimated in step S5, as the initial value for
calculating the true coordinate of the traffic signal (S19). By thus setting the initial value,
the traffic signal calculating portion 11 can more easily reach the true coordinate of the

traffic signal through repetition of calculations.
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[0110] The following are examples of a coordinate that is set as the foregoing initial
value.

- The coordinate of the position that is at the lateral center of the road and 5m above the
road surface (when the traffic signal is estimated to be above the road)

- The coordinate of the position that is at an end of the intersection, at the lateral center of
the road, and 5m above the road surface (when traffic signals are estimated to be located
before and after the intersection)

- The coordinate of the position that is at an end of the intersection, at the lateral center of
one lane of the road, and 5m above the road surface (when the road is a wide road and the
traffic signal is estimated to be located at each corner of the intersection)

- The coordinate of the position that is the offset distance L1 before the intersection, at
the lateral center of the road, and 5m above the road surface (when the road is a curve)

- The coordinate of the position that is the offset distance L2 before the intersection, at
the lateral center of the road, and Sm above the road surface (when the road is an inclined
road)

- The coordinate of the position that is at the lateral center of the road and 5m above the
road surface (when the road is a narrow road)

Back to the control routine, the traffic signal calculating portion 9 next calculates the
true coordinate of the traffic signal (step 21). In this case, since the coordinate of the
traffic signal has never been calculated, the traffic signal calculating portion 11 sets the
initial value to the coordinate that has been estimated as the position of the traffic signal
in step 5.

[0111] The traffic signal calculating portion 11 sets the initial value to the coordinate
estimated in accordance with the shape of the road (S19), and calculates the true
coordinate of the traffic signal based on the position and orientation of the vehicle and the
position of the traffic signal in the image (S21).

[0112] If it is determined that the image data of the traffic signal has ever been
obtained (S18: NO), the traffic signal calculating portion 11 repeatedly calculates the true

coordinate of the traffic signal by applying, in calculation, the present position and
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orientation of the vehicle and the position of the traffic signal in the image to the
coordinate of the traffic signal that has already been estimated (S21).

[0113] Next, the image processing device 5 determines whether the vehicle has
passed the intersection (S10). This determination is made based on the position of the
vehicle that has been obtained from the GPS/INS device 2.

[0114] Ifit is determined in step 22 that the vehicle has not yet passed through the
intersection (S22: NQ), the control goes back to step 1 and repeats the searching of the
traffic signal and the calculation of the true coordinate of the traffic signal.

[0115] On the other hand, if it is determined in step 22 that the vehicle has already
passed through the inter section (S22: YES), the image processing device 5 records the
estimated coordinate of the traffic signal into the spatial model database (S23), after
which the control routine of the flowchart in FIG. 14 ends.

[0116] Result of detection of traffic signals in the secondary exemplary embodiment

FIG. 15A, FIG. 15B, and FIG. 15C represent an example of a calculation result of the
coordinate of a traffic signal according to the number of steps. More specifically, FIG.
15A represents the relation between the number of steps and the latitude, and FIG. 15B
represents the relation between the number of steps and the longitude, and FIG. 15 C
represents the relation between the number of steps and the altitude.

[0117] In each of FIG. 15A, FIG. 15B, and FIG. 15C, the dotted line represents the
true coordinate of the traffic signal that is obtained through an actual measurement, and
line A represents the coordinate of the traffic signal that is calculated using the estimated
position of the traffic signal as the initial value, and line B represents the coordinate of
the traffic signal that is calculated using the position at the node of the intersection and
5m above the road surface as the initial value.

[0118] As shown in FIG. 15A, FIG. 15B, and FIG 15C, when the node of the
intersection is used as the initial value, the calculation of the longitude and latitude may
diverge. On the other hand, when the estimated position of the traffic signal is used as the
initial value, the calculated values approach the true values through repetition of the

calculation.
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[0119] As described above, the image processing system according to the second
exemplary embodiment can prevent divergence of calculations by using an estimated
position of the traffic signal as the initial value and thus accurately calculates the true
coordinate of the traffic signal. When the coordinate of the traffic signal is accurately
calculated, the size of the search region of the image can be reduced presuming that the
traffic signal is located at the estimated coordinate, and therefore the traffic signal can be

detected promptly.



10

15

20

25

WO 2007/102065 PCT/IB2007/000512
26

CLAIMS

1. An image processing system, characterized by comprising:

a front monitoring device that obtains an image of a view ahead of a vehicle;

a vehicle position detecting device that detects a position and an orientation of the
vehicle;

a map database that stores a road map;

a traffic indicator position estimating portion that estimates a position of a traffic
indicator based on a shape of a road ahead of the vehicle that has been extracted from the
map database, according to the position of the vehicle that has been detected by the
vehicle position detecting device;

an image processing region setting portion that sets, within the image obtained by the
front monitoring device, an image processing region over which a predetermined image
processing is performed, based on the position of the traffic indicator that has been
estimated by the traffic indicator position estimating portion; and

a traffic indicator detecting portion that detects the traffic indicator from the image

processing region through the predetermined image processing.

2. The image processing system according to claim 1, characterized in that:

when the shape of the road indicates an intersection, the traffic indicator position
estimating portion estimates a traffic indicator or traffic indicators to be located:
a) above a road on which the vehicle is traveling;
b) before and after the intersection, respectively, as viewed in the traveling direction of
the vehicle;
c) before and after the intersection, respectively, across a crossing road, as viewed in the
traveling direction of the vehicle;
d) within a predetermined distance from each corner of the intersection;
e) before the intersection by a distance that is determined in accordance with a curvature

of a curve, as viewed in the traveling direction of the vehicle;
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f) before the intersection by a distance that is determined in accordance with an
inclination of a road, as viewed in the traveling direction of the vehicle; or

g) substantially at the lateral center of a road on which the vehicle is traveling.

3. The image processing system according to claim 1 or 2, characterized in that:
the image processing region is set based on the width of a road on which the vehicle is

traveling.

4, The image processing system according to any one of claims 1 to 3, characterized by
further comprising:

an output device that displays the image of the view ahead of the vehicle and a textual
information for a driver, wherein a speaker is connected to the output device, and the
speaker outputs an alert when the traffic indicator detecting portion detects the traffic

indicator.

5. The image processing system according to any one of claims 1 to 4 characterized by
further comprising:

a traffic indicator position calculating portion that calculates a coordinate of the
position of the traffic indicator, wherein

the traffic indicator position calculating portion calculates the coordinate of the
position of the traffic indicator using, as an initial value, the position of the traffic
indicator that has been estimated by the traffic indicator position estimating portion,
based on the position and orientation of the vehicle that have been detected by the vehicle
position detecting device and the position of the traffic indicator in the image that has

been detected by the traffic indicator detecting portion.

6. The image processing system according to claim 5, characterized by further
comprising:

a spatial model database that records the coordinate of the position of the traffic
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indicator that has been calculated by the traffic indicator position calculating portion,
wherein

if the coordinate of the position of the traffic indicator is recorded in the spatial model
database, the recorded coordinate is set as the initial value in the calculation by the traffic

5  indicator position calculating portion.

7. The image processing system according to any one of claims 1 to 6, characterized in
that:
the traffic indicator includes a traffic signal.
10
8. An image processing method, characterized by comprising:
obtaining an image of a view ahead of a vehicle;
detecting a position and an orientation of the vehicle;
extracting a shape of a road aheaa of the vehicle from a road map database that
15  pre-stores a road map, based on the detected position of the vehicle;
estimating a position of a traffic indicator based on the shape of the road;
setting an image processing region over which a predetermined image processing is
performed, based on the estimated position of the traffic indicator; and
detecting the traffic indicator from the image processing region through the

20  predetermined image processing.
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