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(54)
MONITORING SYSTEM

(57) Images of vehicles traveling on a road are
sensed by a plurality of monitor cameras arranged along
the road. Video signals obtained by these monitor cam-
eras are A/D-converted into digital images. These digital
images are so corrected that the road shown in each
digital image runs in the longitudinal or lateral direction

IMAGE PROCESSING APPARATUS, IMAGE PROCESSING METHOD, AND VEHICLE

of the image. The corrected digital images are compos-
ited such that the roads shown in these images contin-
ue. This allows the whole of the road as an object of
traffic monitoring to be displayed on a single screen.
Since the entire road can be monitored without switch-
ing images to be displayed, the speed of traffic abnor-
mality detection increases.
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Description
Technical Field

[0001] The present invention relates to an image
processing apparatus, image processing method, and
vehicle monitoring system used for, e.g., monitoring of
vehicles.

Background Art

[0002] Generally, CCTV (Closed-Circuit TeleVision)
cameras are installed on express highways and general
highways to monitor traffic. Especially in long tunnels
and the like, a large number of cameras are installed to
avoid monitoring dead angles. Output images from
these cameras are transmitted to a highway control
center, displayed on monitors, and monitored by observ-
ers. It is usually difficult to install monitors equal in
number to cameras owing to, e.g., the installation space.
Therefore, the number of installed monitors is made
smaller than that of installed cameras, and camera im-
ages from a plurality of cameras are displayed on one
monitor. That is, a plurality of camera images are se-
quentially switched and displayed at intervals of a few
seconds.

Disclosure of Invention

[0003] Unfortunately, the above traffic monitoring
method has the problem that the detection of a traffic
abnormality is delayed. That is, since camera images
are displayed on each monitor as they are switched,
camera images which are not displayed exist. This may
delay the detection of a traffic abnormality. Also, fre-
quently switching camera images increases the fatigue
of observers and makes them overlook traffic abnormal-
ities.

[0004] To solve these problems, the introduction of
image processing technologies is being examined.
However, it is technically difficult to detect traffic abnor-
malities with perfect accuracy.

[0005] The presentinvention has been made to solve
the above problems, and has as its object to provide an
image processing apparatus, image processing meth-
od, and vehicle monitoring system capable of improving
the accuracy of traffic abnormality detection.

[0006] To achieve the above object, an image
processing apparatus according to the present inven-
tion comprises converting means for receiving a plurality
of video signals obtained by sensing images of a road,
and A/D-converting the video signals into digital images,
correcting means for correcting the digital images such
that the road runs in the longitudinal or lateral direction
of each digital image, and image compositing means for
compositing a plurality of corrected images obtained by
the correcting means, such that the roads shown in the
corrected images continue.
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[0007] The image processing apparatus according to
the present invention is characterized by further com-
prising storage means for storing the composite image
as image data.

[0008] Animage processing method according to the
present invention comprises the conversion step of re-
ceiving a plurality of video signals obtained by sensing
images of a road, and A/D-converting the video signals
into digital images, the correction step of correcting the
digital images such that the road runs in the longitudinal
direction or lateral direction of each digital image, and
the image composition step of compositing a plurality of
corrected images obtained in the correction step, such
that the roads shown in the corrected images continue.
[0009] The image processing method according to
the present invention is characterized by further com-
prising the storage step of storing the composite image
as image data.

[0010] A vehicle monitoring system according to the
presentinvention comprises a plurality of image sensing
means arranged along a road to be monitored to sense
images of vehicles traveling on the road, image process-
ing means for receiving video signals obtained by the
image sensing means, A/D-converting the video signals
into digital images, correcting the digital images such
that the road runs in the longitudinal direction or lateral
direction of each digital image, and compositing the cor-
rected digital images such that the roads shown in the
digital images continue, and display means for display-
ing the image processed by the image processing
means.

[0011] A vehicle monitoring system according to the
present invention comprises a plurality ofimage sensing
means arranged along a road to be monitored to sense
images of vehicles traveling on the road, each of the im-
age sensing means having a wide angle lens in an im-
age sensing optical system thereof, image processing
means for receiving video signals obtained by the image
sensing means, A/D-converting the video signals into
digital images, correcting distortion, caused by the wide
angle lens, of each digital image, and compositing the
corrected digital images such that the roads shown in
the digital images continue, and display means for dis-
playing the image processed by the image processing
means.

[0012] The vehicle monitoring system according to
the present invention is characterized in that the display
means is a projector having a display area long from
side to side.

[0013] Theimage processing system according to the
present invention is characterized in that the image
processing means stores the composite image as im-
age data.

[0014] Intheseinventions described above, the whole
of the road as an object of traffic monitoring can be dis-
played on a single screen. Accordingly, the entire road
can be monitored without switching images to be dis-
played. Since there is no area which cannot be moni-
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tored owing to image switching, therefore, it is possible
to prevent a delay of traffic abnormality detection and
increase the speed of traffic abnormality detection.
[0015] Also, since no image switching is performed,
traffic abnormalities can be detected on the basis of
changes in an image. This facilitates visual traffic abnor-
mality detection and reduces the monitoring load.
[0016] Additionally, since an image of a road to be
monitored is sensed sideways by using a wide angle
lens, image correction can be readily performed.
[0017] Furthermore, since corrected composited im-
age data is stored, after a traffic abnormality occurs it is
possible to analyze the abnormality by checking this
composite image.

Brief Description of Drawings
[0018]

Fig. 1 is a view for explaining a vehicle monitoring
system according to the first embodiment of the
present invention;

Fig. 2 is a flow chart showing the operation of an
image processing apparatus in the vehicle monitor-
ing system shown in Fig. 1;

Fig. 3 is a view for explaining an AlD-converted dig-
ital image;

Fig. 4 is a view for explaining a corrected image sub-
jected to a correcting process;

Fig. 5 is a view for explaining a composite image
subjected to a compositing process;

Fig. 6 is a view for explaining a vehicle monitoring
system and the like according to the second em-
bodiment;

Fig. 7 is a view for explaining an A/D-converted dig-
ital image;

Fig. 8 is a view for explaining a corrected image sub-
jected to a correcting process;

Fig. 9 is a view for explaining a composite image
subjected to a compositing process; and

Fig. 10 is a view for explaining a vehicle monitoring
system and the like according to the third embodi-
ment.

Best Mode for Carrying Out the Invention

[0019] Embodiments of the present invention will be
described below with reference to the accompanying
drawings. Note that the same reference numerals de-
note the same parts in these drawings, and a duplicate
description thereof will be omitted. Note also that the
dimensional ratio of each drawing is not necessarily
consistent with that of the explanation.

(First Embodiment)

[0020] Fig. 1 is a view for explaining a vehicle moni-
toring system. As shownin Fig. 1, this vehicle monitoring
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system monitors the state of traffic on a highway, e.g.,
detects traffic abnormalities in a tunnel 1. The vehicle
monitoring system includes a plurality of monitor cam-
eras 2.

[0021] These monitor cameras 2 are image sensing
means for sensing an image of a vehicle 11 traveling on
aroadinthetunnel 1, and are installed at predetermined
intervals in the tunnel 1. The installation interval of the
monitor cameras 2 is, e.g., about 200 m. The image
sensing direction of the monitor camera 2 is a direction
in which an image of the front or rear of the vehicle 11
traveling on a road 10 is sensed. Each monitor camera
2 is connected to a distributor 3 which is installed in an
institution 4 built near the tunnel 1. This distributor 3 re-
ceives sensed images from the monitor cameras 2 and
outputs these images to an image processing apparatus
5.

[0022] Theimage processing apparatus 5is animage
processing means for receiving images from the monitor
cameras 2, processing these images, and transmitting
the processed images to a control center 6. This image
processing apparatus 5 comprises, e.g., an A/D con-
verter, video frame memory, image processor, and sig-
nal output interface.

[0023] The A/D converter A/D-converts an input ana-
log video signal into a digital signal. For example, a vid-
eo A-D converter is used as this A/D converter. The vid-
eo frame memory stores converted digital video signals
as image data. This image data is an aggregate of pixels
having tone values at individual coordinate runs on the
x and y axes. The pixel tone has, e.g., 8-bit 256 gray
levels.

[0024] The image processor processes the image da-
ta stored in the video frame memory. The signal output
interface outputs the processed image to the outside in
accordance with a command from the image processor.
[0025] In the control center 6, the image transmitted
from the image processing apparatus is input to a mon-
itor 61, and this monitor 61 displays the image sensed
in the tunnel 1. Through this image, a supervisor can
visually monitor the traveling states of vehicles in the
tunnel 1. The monitor 61 is an image display means and
desirably has a display area long from side to side. For
example, a projector is used as this monitor 61.

[0026] The operation of the vehicle monitoring sys-
tem, the operation of the image processing apparatus,
and an image processing method will be described be-
low.

[0027] Referring to Fig. 1, the monitor cameras 2
sense images of the vehicle 11 traveling on the road 10
and input video signals to the distributor 3. The distrib-
utor 3 suitably transfers these video signals from the
monitor cameras 2 to the image processing apparatus
5. The image processing apparatus 5 processes the vid-
eo signals.

[0028] Fig. 2 is a flow chart of this image processing
performed by the image processing apparatus 5.
[0029] As shown in S100 of Fig. 2, an input video sig-
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nal to the image processing apparatus 5 is A/D-convert-
ed. This A/D conversion is the process of converting an
analog video signal into a digital video signal. The con-
verted digital image is stored as image data into the vid-
eo frame memory.

[0030] The flow advances to S200 to perform image
correction. This image correction is the process of cor-
recting the image data such that the road 10 shown in
the A/D-converted digital image runs in the longitudinal
or lateral direction of the image. By this image correc-
tion, a digital image shown in Fig. 3 is corrected into a
corrected image shown in Fig. 4. Referring to Fig. 3, the
road 10 is so displayed in a digital image 20 as to go
away from the lower right portion to the upper left por-
tion. As shown in Fig. 4, this digitalimage 20 is corrected
such that the road 10 runs in the lateral direction of the
image. This correcting process forms a corrected image
21. During the correction, the vehicle 11 traveling on the
road 10 is also processed in accordance with the cor-
rection.

[0031] The flow then advances to S300 to perform im-
age composition. This image composition is the process
of compositing corrected images subjected to the image
correction. For example, corrected images 21 pertaining
to video signals obtained by the monitor cameras 2 at
the same time are composited into one image. This
compositing process is performed such that the roads
11 shown in the individual corrected images 21 contin-
ue. Also, the composition is so performed that more than
one image of the same vehicle 11 will not be displayed.
Fig. 5 shows a composite image 22 subjected to the
compositing process.

[0032] After this image compositing process is com-
pleted, the composite image 22 is transmitted to the con-
trol center 6. The whole of this composite image 22 is
displayed on the monitor 61 in the control center 6.
[0033] Asdescribed above, the image processing ap-
paratus, image processing method, and vehicle moni-
toring system according to this embodiment can display,
on a single screen, the whole of the road 10 as an object
of traffic monitoring. Accordingly, the entire road can be
monitored without switching images to be displayed.
[0034] Since there is no area which cannot be moni-
tored owing to image switching, therefore, it is possible
to prevent a delay of traffic abnormality detection and
increase the speed of traffic abnormality detection. Also,
since no image switching is performed, traffic abnormal-
ities can be detected on the basis of changes in an im-
age. This facilitates visual traffic abnormality detection
and reduces the monitoring load.

[0035] In the image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to this embodiment, the composite image 22 is
transmitted to the control center 6. However, the image
processing apparatus, image processing method, and
vehicle monitoring system according to the present in-
vention are not limited to this embodiment. For example,
it is also possible to transmit a plurality of corrected im-
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ages 21 to the control center 6 and composite these im-
ages in the control center 6. The control center 6 can
also perform all the image processing operations (A/D
conversion, image correction, and image composition).
[0036] Furthermore, the image processing apparatus,
image processing method, and vehicle monitoring sys-
tem according to this embodiment relate to vehicle mon-
itoring on a road in the tunnel 1. However, the image
processing apparatus, image processing method, and
vehicle monitoring system according to the present in-
vention are not restricted to this embodiment. For ex-
ample, the image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to the present invention can also be used for
vehicle monitoring on roads in other places.

(Second Embodiment)

[0037] An image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to the second embodiment will be described be-
low.

[0038] The image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to this embodiment have the same configura-
tions as the image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to the first embodiment, except that a monitor
camera 2 as an image sensing means includes an im-
age sensing optical system having a wide angle lens,
and that an image processing apparatus 5 as an image
processing means corrects image distortion caused by
this wide angle lens.

[0039] Fig. 6is a view for explaining the monitor cam-
eras in the image processing apparatus, image process-
ing method, and vehicle monitoring system according to
this embodiment. As shown in Fig. 6, the monitor cam-
eras 2 are so arranged as to sense images of vehicles
11 traveling on a road 10 from the side of the road 10.
Each monitor camera 2 has a wide angle lens in its im-
age sensing optical system and can sense images over
a wide view angle. As this wide angle lens, a fish-eye
lens is preferably used. A "wide angle lens" herein men-
tioned means a lens having a view angle wider than that
of a standard lens, e.g., a view angle of 60° or more.
[0040] The operation of the vehicle monitoring sys-
tem, the operation of the image processing apparatus,
and the image processing method will be described be-
low. Similar to the vehicle monitoring system according
to the first embodiment, the monitor cameras 2 sense
images of the vehicles 11 traveling on the road 10 and
input video signals to a distributor 3. This distributor 3
properly inputs these video signals from the monitor
cameras 2 to the image processing apparatus 5. The
image processing apparatus 5 processes these video
signals.

[0041] As this image processing in the image
processing apparatus 5, A/D conversion is performed
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as in the first embodiment. In subsequent image correc-
tion, correction for removing distortion of the image
sensed through the wide angle lens is performed. As
shown in Fig. 7, an A/D-converted digital image 30 has
barrel-shaped form distortion because the image is
sensed through the wide angle lens. By correcting this
barrel form distortion of the digital image 30, as shown
in Fig. 8, a corrected image 31 from which the distortion
is removed is obtained.

[0042] Subsequently, an image compositing process
composites the corrected images 31 pertaining to the
video signals obtained at the same time by the monitor
cameras 2 into a single composite image 32. As in the
first embodiment, this image compositing process is
performed such that the roads 10 shown in the individual
corrected images 21 continue. Also, the composition is
so performed that more than one image of the same ve-
hicle 11 will not be displayed. Fig. 9 shows a composite
image 32 subjected to the compositing process.
[0043] After the image compositing process is com-
pleted, the composite image 32 is transmitted to a con-
trol center 6. The whole of this composite image 32 is
displayed on a monitor 61 in the control center 6.
[0044] As described above, the image processing ap-
paratus, image processing method, and vehicle moni-
toring system according to this embodiment can display,
on a single screen, the whole of the road 10 as an object
of traffic monitoring, similar to the image processing ap-
paratus, image processing method, and vehicle moni-
toring system according to the first embodiment. Ac-
cordingly, the entire road can be monitored without
switching images to be displayed. Since there is no area
which cannot be monitored owing to image switching,
therefore, it is possible to prevent a delay of traffic ab-
normality detection and increase the speed of traffic ab-
normality detection. Also, since no image switching is
performed, traffic abnormalities can be detected on the
basis of changes in an image. This facilitates visual traf-
fic abnormality detection and reduces the monitoring
load.

[0045] Additionally, since an image of a road to be
monitored is sensed sideways by using a wide angle
lens, image correction can be readily performed.
[0046] Furthermore, a wide angle lens is used in the
image sensing optical system of the monitor camera 2.
Since this allows each monitor camera 2 to monitor a
wide range, the number of the monitor cameras 2 to be
installed can be reduced.

(Third Embodiment)

[0047] An image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to the third embodiment will be described below.
[0048] The image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to this embodiment have the same configura-
tions as the image processing apparatuses, image
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processing methods, and vehicle monitoring systems
according to the first and second embodiments, except
that image storage is performed after image composi-
tion in an image processing means and in an image
processing step.

[0049] Fig. 10is a flow chart of image processing per-
formed in the image processing apparatus, image
processing method, and vehicle monitoring system ac-
cording to this embodiment.

[0050] A/D conversion in S100, image correction in
S200, and image composition in S300 of Fig. 10 are the
same as explained in the first embodiment, so a detailed
description thereof will be omitted. In S400, image stor-
age is performed. This image storage is done by storing
a composite image 22 or 32 subjected to image compo-
sition into a storage device such as a memory. Since the
composite image 22 or 32 is thus stored, after a traffic
abnormality occurs it is possible to analyze the abnor-
mality by checking this composite image.

[0051] Inthe presentinvention as has been described
above, the whole of a road as an object of traffic moni-
toring can be displayed on a single screen. Accordingly,
the entire road can be monitored without switching im-
ages to be displayed. Since there is no area which can-
not be monitored owing to image switching, therefore, it
is possible to prevent a delay of traffic abnormality de-
tection and increase the speed of traffic abnormality de-
tection.

[0052] Also, since no image switching is performed,
traffic abnormalities can be detected on the basis of
changes in animage. This facilitates visual traffic abnor-
mality detection and reduces the monitoring load.
[0053] Additionally, since an image of a road to be
monitored is sensed sideways by using a wide angle
lens, image correction can be readily performed.
[0054] Furthermore, since corrected composited im-
age data is stored, after a traffic abnormality occurs it is
possible to analyze the abnormality by checking this
composite image.

Industrial Applicability

[0055] The image processing apparatus, image
processing method, and vehicle monitoring system of
the present invention are useful in monitoring traffic of
vehicles traveling on a road.

Claims
1. Animage processing apparatus comprising:

converting means for receiving a plurality of
video signals obtained by sensing images of a
road, and A/D-converting the video signals into
digital images;

correcting means for correcting the digital im-
ages such that the road runs in the longitudinal
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or lateral direction of each digital image; and
image compositing means for compositing a
plurality of corrected images obtained by said
correcting means, such that the roads shown
in the corrected images continue.

An apparatus according to claim 1, characterized
by further comprising storage means for storing the
composite image as image data.

An image processing method comprising:

the conversion step of receiving a plurality of
video signals obtained by sensing images of a
road, and A/D-converting the video signals into
digital images;

the correction step of correcting the digital im-
ages such that the road runs in the longitudinal
or lateral direction of each digital image; and
the image composition step of compositing a
plurality of corrected images obtained in the
correction step, such that the roads shown in
the corrected images continue.

A method according to claim 3, characterized by
further comprising the storage step of storing the
composite image as image data.

A vehicle monitoring system comprising:

a plurality of image sensing means arranged
along a road to be monitored to sense images
of vehicles traveling on the road;

image processing means for receiving video
signals obtained by said image sensing means,
A/D-converting the video signals into digital im-
ages, correcting the digitalimages such thatthe
road runs in the longitudinal or lateral direction
of each digital image, and compositing the cor-
rected digital images such that the roads shown
in the digital images continue; and

display means for displaying the image proc-
essed by said image processing means.

6. A vehicle monitoring system comprising:

a plurality of image sensing means arranged
along a road to be monitored to sense images
of vehicles traveling on the road, each of said
image sensing means having a wide angle lens
in an image sensing optical system thereof;

image processing means for receiving video
signals obtained by said image sensing means,
AlD-converting the video signals into digital im-
ages, correcting distortion, caused by said wide
angle lens, of each digital image, and compos-
iting the corrected digital images such that the
roads shown in the digital images continue; and
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display means for displaying the image proc-
essed by said image processing means.

A system according to claim 5 or 6, characterized
in that said display means is a projector having a
display area long from side to side.

A system according to any one of claims 5 to 7,
characterized in that said image processing
means stores the composite image as image data.
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