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The present invention relates to nmethod and apparatus for measuring a state

of traffic congestion on a road on the basis of brightness |evels of
sanpl e points which are set in a notion picture representing the road
and vehicles com ng and going on the road. The present invention also

rel ates to image processing nmet hodgpReTREEATIONS for 10 setting sanple

points in an_| i g TH

PNVENTI ON - TRAFFIC %&%ﬁsﬁamgﬁgﬁ&megpypo‘géﬁK %ﬁ?i éﬁp of
systens for IVPAGERRQCESSING MEEHODAND APPARATR®ISyest i on for the purpose of
snoothing traffic on roads. Such traffic 15 congestion neasuring systens

i nclude two well known neasuring systens, one of the two neasuring

systens BBei rRiEHD OETHE INKENE and the other of the two neasuring
o The present invention relates to method and apparatus for measuring a state of

traffic congestion on a road on the basis of brightness levels of sample points which are

set in a motion picture representing the road and vehicles coming and going on the

road. The present invention also relates to image processing method and apparatus for
10 setting sample points in an image and processing the image.

BACKGROUND OF THE INVENTION

There have so far been proposed a wide variety of systems for measuring a

state of traffic congestion for the purpose of smoothing traffic on roads. Such traffic

15  congestion measuring systems include two well known measuring systems, one of the
two measuring systems being of a supersoﬁic type and the other of the two measuring
systems being of a loop-coil type. The former supersonic type of traffic congestion
measuring system adopts a supersonic sensor as means for sensing the presence and
movement of vehicles, while the latter loop-coil type of traffic congestion measuring

20 system adopts a loop-coil as means for sensing the presence and the movement of the
vehicles.

The supersonic type of traffic congestion measuring system intends the
supersonic sensor, which is positioned above the road at a predetermined height, to
detect the presence and the velocity of the vehicle passing under the supersonic sensor.

25  Based on results of the detection by the supersonic sensor, the state of traffic congestion
is measured. On the other hand, the loop-coil type of traffic congestion measuring
system intends the loop-coil, which is buried under the road, to detect the presence and
the velocity of the vehicle passing above the loop-coil on the basis of the variation in
magnetism above the loop-coil caused by the passing vehicle. Based on results of the

30  detection by the loop-coil, the state of traffic congestion is measured.

In the supersonic sensor type and loop-coil type of traffic congestion
measuring systems thus designed, the supersonic sensor and the loop-coil are merely
operated to obtain information of only the vehicles lying directly under the supersonic
sensor and directly above the loop-coil, respectively. In point of fact, the supersonic

35 sensor type and the loop-coil type of traffic congestion measuring systems are merely
operated to indirectly measure the state of traffic congestion on the basis of the number
of the passing vehicles during a certain period or the velocities of | sampled vehicles
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15 congestion measuring systems is disclosed in “INPACTS: A New TV Image
Processing System for Monitoring Traffic Conditions,” by wootton jeffreys
CONSULTANTS or European Patent publication No. 0403193. In the disclosed
measuting system, a road represented in an image taken by a video camera is divided
into a plurality of blocks for each traffic lane. Each of the blocks has a size roughly
20 equal in length to each of vehicles represented at the same position as each of the blocks
is located in the image. By processing the image, the blocks are classified into three
different block groups consisting a first block group including blocks in each of which
no vehicle is detected, a second block group including blocks in each of which a
moving vehicle is detected, and a third block group including blocks in each of which a
25  stationary vehicle is detected. According to the arrangement of three different type
blocks, is measured the state of traffic congestion that indicates, for instance,

conditions that the vehicles are substantially stationary, that the vehicles are slowly
moving, and that the vehicles are smoothly moving.

The other of the traffic congestion measuring systems is disclosed in Kitamura

30 et al., “Traffic Congestion Measuring System Using Image Processing”, Annual

Conference sponsored by The Institute of Electrical Engineers of Japan, Industry

Application Society, 1991. The traffic congestion measuring system is operated in a

manner which comprising the steps of abstracting three different feature values

representative of the density of vehicles, the movement quantities of vehicles and the

35  brightness of a road surface, respectively, from images taken by video camera,

inputting the feature values into an input layer partially forming a neural network,

calculating an output value stepwise varied between *0” and *1” by 0.2, and
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10 artangement pattem of the b ocks classified into three types and the state of traffic
congestion in each of measurement points is required to be previously leamed. In
addition, the former prior-art traffic congestion measuring system is further required to
perform a process of dividing each of the traffic lanes into the blocks. For this reason,
the traffic congestion occurring over two or more traffic lanes cannot be detected and,

15 as a result, the state of traffic congestion cannot be measured with accuracy.
Furthermore, the size of the vehicle represented in the image becomes smaller as a
distance from the video camera to the vehicle becomes larger. The block size is,
therefore, adjusted with difficulty to the size of vehicle spaced apart from the video
camera at a long distance and, consequently, the former traffic congestion measuring

20  system adopting the video camera cannot measure the state of traffic congestion over a
long distance.

In the latter prior-art traffic congestion measuring system adopting the video
camera, since the neural network is utilized, the traffic congestion measuring system is
required to previously form the neural network based on a large amount of data for the

25  sake of learning. The process of previously forming the neural network takes a much
time and labor and is a difficult task. In addition, the neural network is required to be
newly formed whenever road circumstances are changed. Furthermore, the whole
image is processed in the lump in order to measure the state of traffic congestion, so
that detailed traffic information for each part of the image cannot be detected. The

30 detailed traffic information includes, for instance, information pertain to traffic queue
length expressed as “there is a traffic congestion of y meter length extending from point
X1 to point X2 on the road”.

The former and latter traffic congestion measuring systems adopting the video
cameras encounter the foregoing drawbacks and, for this reason, are put to practical use

35 with difficulty. In the view of the foregoing surroundings, the present invention is
made and has an object of providing traffic congestion measuring method and
apparatus capable of reducing the previous learning, detecting the traffic congestion
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SUMMARY OF THE INVENTION

In accordance with a first aspect of the present invention, there is provided a
traffic congestion measuring method of measuring a state of traffic congestion on the
basis of a motion picture which represents a road and vehicles coming and going on the
road and is formed by a series of images taken by a video camera, comprising the steps
(a) of setting a plurality of sample points in the motion picture, each of the sample
points having a brightness level; (b) of detecting, as presence sample points, the sample
points which are situated in one of the series of images taken at a predetermined time
and at each of which the vehicle is expected to be present; (c) of detecting, as
movement sample points, the sample points which are situated in the image taken at the
predetermined time and at each of which the vehicle in motion is expected to be
present; (d) of detecting movement blocks each formed by part of the sample points
adjacent to one another and including part of the movement sample points, a ratio of the
movement sample points to all of the samplé points contained in each movement block
being larger than a predetermined level; (e) of detecting, as congestion sample points,
the presence sample points excluded from the movement blocks; (D) of detecting
congestion blocks each formed by part of the sample points adjacent to one another and
including part of the congestion sample points, a ratio of the congestion sample points
to all of the sample points contained in each congestion block being larger than a
predetermined level; and (g) of measuring the state of traffic congestion on the road at
the predetermined time on the basis of the congestion blocks.

In accordance with a second aspect of the present invention, there is provided
a traffic congestion measuring apparatus for measuring a state of traffic congestion on

The
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10  part of the sample points adjacent to one another and including part of the movement

sample points, a ratio of the movement sample points to all of the sample points
contained in each movement block being larger than a predetermined level, fifth means

for detecting, as congestion sample points, the presence sample points excluded from
the movement blocks, sixth means for detecting congestion blocks each formed by part

15 of the sample points adjacent to one another and including part of the congestion
sample points, a ratio of the congestion sample points to all of the sample points
contained in each congestion block being larger than a predetermined level, and
seventh means for measuring the state of traffic congestion on the road at the
predetermined time on the basis of the congestion blocks.

20 In accordance with a third aspect of the present invention, there is provided a
traffic congestion measuring method of measuring a state of traffic congestion on the
basis of a motion picture which represents a road and vehicles coming and going on the
road and is formed by a series of images taken by a video camera, comprising the steps
(a) of setting a plurality of sample lines in the motion picture, each of the sample lines

25 being formed by a plurality of sample points aligned on a line perpendicular to a
direction in which the road extends, and each of the sample points having a brightness
level, (b) of forming a criterion brightness image, in which no vehicle is expected to be
present, taken by the video camera, (c) of calculating a difference image indicative of a
difference in brightness between one of the series of images taken at a predetermined

30 time and the criterion brightness image by calculating brightness difference values each
indicative of a difference in brightness between each of the sample points in the image
taken at the predetermined time and each of the sample points in the criterion
brightness image corresponding in position to each other, (d) of detecting, as difference
sample lines, the sample lines which are situated in the image taken at the

35  predetermined time and each of which has a brightness level having a difference larger
than a predetermined level from each of the sample lines in the criterion brightness
image, on the basis of the brightness difference values of the sample points in the
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basis of a motion picture which represents a road and vehicles coming and going on the

15  road and is formed by a series of images taken by a video camera, comprising the steps
(a) of setting a plurality of sample lines in the motion picture, each of the sample lines
being formed by a plurality of sample points aligned on a line perpendicular to a
direction in which the road extends, and each of the sample points having a brightness
level, (b) of detecting, as presence sample lines, the sample lines, on each of which the

20  vehicle is expected to be present, on the basis of the brightness levels of the sample
points on one of the series of images taken at a predetermined time, (c) of estimating
shadow areas including shadows of the vehicles represented in the image taken at the
predetermined time, (d) of correcting the presence sample lines on the basis of the
shadow areas, and (e) of measuring the state of traffic congestion on the basis of the

25  presence sample lines corrected in the step (d).

In accordance with a fifth aspect of the present invention, there is provided a
traffic congestion measuring method of measuring a state of traffic congestion on the
basis of a motion picture which represents a road and vehicles coming and going on the
road and is formed by a series of images taken by a video camera, comprising the steps

30  (a) of setting a plurality of sample lines in the motion picture, each of the sample lines
being formed by a plurality of sample points aligned on a line perpendicular to a
direction in which the road extends, and each of the sample points having a brightness
level, (b) of detecting, as movement sample lines, the sample lines on each of which the
vehicle in motion is expected to be present, and (c) of measuring the state of traffic

356  congestion on the basis of the movement sample lines.

In accordance with a sixth aspect of the present invention, there is provided a
traffic congestion measuring method of measuring a state of traffic congestion on the
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provi ded a points in one of the series of images taken at a predetermined time, (c) of calculating a
density of the vehicles lying on the road at the predetermined time on the basis of the
10  presence sample lines, (d) of estimating a large-sized vehicle ratio indicative of a ratio
of large-sized vehicles larger than a predetermined vehicle size to all of the vehicles
fepresented in the image taken at the predetermined time, (e) of correcting the density
of the vehicles on the basis of the large-sized vehicle ratio estimated in the step (d), and
() of measuring the state of traffic congestion on the basis of the density of the vehicles
15  corrected in the step (e).

In accordance with a seventh aspect of the present invention, there is provided
a traffic congestion measuring method of measuring a state of traffic congestion on the
basis of a motion picture which represents a road and vehicles coming and going on the
road and is formed by a series of images taken by a video camera, comprising the steps
20 () of setting a plurality of sample lines in the motion picture, each of the sample lines
being formed by a plurality of sample points aligned on a line perpendicular to a
direction in which the road extends, and each of the sample points having a brightness
level, (b) of calculating mean brightness levels each indicative of a mean of brightness
levels of the sample points situated on each of the sample lines in the image taken at
25 time t, (c) of calculating mean brightness levels each indicative of a mean of brightness
levels of the sample points contained in each of the sample lines in the image taken at
time t+y, ¥ being a positive time interval, (d) of detecting, as movement sample lines,
the sample lines which are included in the image taken at the time t and in each of
which the vehicle in motion is expected to be present, (e) of detecting, as prospective
30 post-movement sample lines, the sample lines which are included in the image taken at
the time t+y and to each of which each of the movement sample lines in the image taken
at the time t is expected to be transferred, (f) of calculating line velocities each
indicative of a velocity of the movement sample line based on the positive time interval
Y and an actual route distance between two locations on the road respectively
35  corresponding to each of the movement sample lines and each of the post-movement*
sample lines, and (g) of measuring the state of traffic congestion on the road on the

basis of the line velocities of the movement sample lihes calculated in the step (f).
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rightness image which is utilized for detecting the vehicles represented in the image

taken at the time t,, By, is a brightness level of each of picture elements forming the

criterion brightness image which is utilized for detecting the vehicles represented in the

image taken at time t,.4, each of the predetermined regular intervals is equal to €,;-t,,

and 1) is a variable coefficient decreased in proportion as Ix,-B,] becomes large and as a
20 level of the traffic congestion on the road is increased.

In accordance with a ninth aspect of the present invention, there is provided a
traffic congestion measuring method of measuring a state of traffic congestion on the
basis of a motion picture which represents a road and vehicles coming and going on the
road and is formed by a series of images taken by a video camera, comprising the steps

25  (a) of calculating spatial velocities each indicative of a mean of velocities of the
vehicles represented in each of mesh sections into which the road represented in image
taken at a predetermined time is divided, (b) of detecting, on the basis of the spatial
velocities, a traffic congestion range occupied by the mesh sections in each of which
the traffic congestion occurs, and (c) of detecting a tail position of the traffic congestion

30  range.

In accordance with a tenth aspect of the present invention, there is provided a
traffic congestion measuring apparatus for measuring a state of traffic congestion on
the basis of a motion picture which represents a road and vehicles coming and going on
the road and is formed by a series of images taken by a video camera, comprising,

35 means for setting a plurality of sample lines in the motion picture, each of the sample
lines being formed by a plurality of sample points aligned on a line perpendicular to a
direction in which the road extends, and each of the sample points having a brightness
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criterion bnghtness 1mage, on the basis of the brightness difference values of the
sample points in the difference image, means for spatially differentiating the difference
image to calculate differentiation values respectively belonging to the sample points in
the difference image, means for detecting, as edge sample lines, the sample lines which
15  are situated in the image taken at the predetermined time and each of which has a
brightness level having a difference larger than a predetermined level from one of two
sample lines in the direct neighborhood of each of the sample lines, on the basis of the
differentiation values of the sample points in the spatially differentiated difference
image, means for detecting, as presence sample lines on each of which the vehicle is
20 expected to be present, the difference sample lines and the edge sample lines, and
means for measuring the state of traffic congestion on the basis of the presence sample
lines.
In accordance with an eleventh aspect of the present invention, there is
provided a traffic congestion measuring apparatus for measuring a state of traffic
25  congestion on the basis of a motion picture which represents a road and vehicles
coming and going on the road and is formed by a series of images taken by a video
camera, comprising means for setting a plurality of sample lines in the motion picture,
each of the sample lines being formed by a plurality of sample points aligned on a line
perpendicular to a direction in which the road extends, and each of the sample points
30 having a brightness level, mean for detecting, as movement sample lines, the sample
lines on each of which the vehicle in motion is expected to be present in the image taken
at a predetermined time, and means for measuring the state of traffic congestion on the
basis of the movement sample lines.
In accordance with a twelfth aspect of the present invention, there is provided
35 atraffic congestion measuring apparatus for measuring a state of traffic congestion on
the basis of a motion picture which represents a road and vehicles coming and going on
the road and is formed by a series of images taken by a video camera, comprising means
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and seventh neans for neasuring the state of traffic congestion on the
road at the predeterm ned tine on the basis of the congestion bl ocks.
20 I n accordance with a third asp @Ct of the present invention,
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camera, comprising means for setting a plurality of sample lines in the motion picture,
each of the sample lines being formed by a plurality of sample points aligned on a line
perpendicular to a direction in which the road extends, and each of the sample points
having a brightness level, means for calculating mean brightness levels each indicative
20  of a mean of brightness levels of the sample points situated on each of the sample lines
in the image taken at time t, means for calculating mean brightness levels each
indicative of a mean of brightness levels of the sample points situated on each of the
sample lines in the image taken at time t+y, y being a positive time interval, means for
detecting, as movement sample lines, the safnple lines which are included in the image
25  taken at the time t and in each of which the vehicle in motion is expected to be present,
means for detecting, as prospective post-movement sample lines, the sample lines
which are included in the image taken at the time t+y and to each of which each of the
movement sample lines in the image taken at the time t is expected to be transferred,
means for calculating line velocities each indicative of a \}elocity of the movement
30 sample line based on the positive time interval y and an actual route distance between
two locations on the road respectively corresponding to each of the movement sample
lines and each of the post-movement sample lines, and means for measuring the state of
traffic congestion on the road on the basis of the line velocities of the movement sample
lines.
35 In accordance with a fourteenth aspect of the present invention, there is
provided an image processing method of processing an image taken by a camera and
representing an object and a background, comprising the steps of forming a criterion
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d1fference image indicative of a difference in brightness between an image at time t and
another image at time t-ot, o being a predetermined positive time interval, and the
image at the time t and another image at the time t-a being contained in a series of
images taken by a video camera, binarizing the first difference image with a first
predetermined threshold Ievel to form a first feature abstractive image containing only
15  picture elements each having a level of 0~ or »1~, calculating a second difference
image indicative of a difference in brightness between the image at the time t and a
further image at time t+f, B being a predetermined positive time interval, and the
further image at the time t+§ being contained in the series of images, binarizing the
second difference image with a second predetermined threshold level to form a second
20 character abstractive image containing only picture elements each having a level of
»0~ or “1~, calculating a product of the first feature abstractive image and the second
feature abstractive image to form a product image, varying o and f, which are utilized
for discriminating each of picture elements among the series of images, in accordance
with an actual distance from the video camera to an actual location corresponding to a
25  position of each of the picture elements in the image taken at the time t.

In accordance with a sixteenth aspect of the present invention, there is
provided an image processing method comprising the steps of separating picture
elements included in an image taken by a camera into two picture element groups on
the basis of brightness levels of the picture elements, one of the picture element groups

30 consisting of a plurality of first picture elements, and the other of the picture element
groups consisting of a plurality of second picture elements, calculating first picture
element ratios each indicative of a ratio of the first picture elements to all of the picture
elements contained in each of candidate blocks which partially forms the image,
detecting the candidate blocks each having the first picture element ratio larger than a

35  predetermined level, and varying the predetermined level, which is utilized for judging
each of the candidate blocks, in accordance with an actual distance from the camera to

- an actual location corresponding to a position of each of the candidate blocks in the
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representing an object and a background, comprising means for forming a criterion

brightness image representing only the background, means for calculating a difference

image indicative of a difference in brightness between the image and the criterion

brightness image, means for judging whether a brightness level of each of picture

20 elements forming the difference image is larger than a predetermined level or not, and

means for varying the predetermined level, which is utilized for judging each of the

picture elements, in accordance with an actual distance from the camera to an actual
location corresponding to a position of each of the picture elements in the image.

In accordance with a nineteenth aspect of the present invention, there is

d of

25 provided an image processing apparatus comprising means for calculating a first
difference image indicative of a difference in brightness between an image at time t and
another image at time t-of, o being a predetermined positive time interval, and the
image at the time t and another image at the time t-¢ being included in a series of
images taken by a video camera, means for binarizing the first difference image with a

30 first predetermined threshold level to form a first feature abstractive image containing
only picture elements each having a level of ~0” or “1~, means for calculating a
second difference image indicative of a difference in brightness between the image at
the time t and a further image at time t+f, B being a predetermined positive time
interval, and the further image at the time t+B being included in the séries of images,

35 means for binarizing the second difference image with a second predetermined
threshold level to form a second feature abstractive image containing only picture
elements each having a level of 0~ or »1~, means for calculating a product of the first
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10  consisting of a plurality of first picture elements, and the other of the picture element
groups consisting of a plurality of second picture elements, means for calculating first
picture element ratios each indicative of a ratio of the first picture elements to all of the
picture elements contained in each of candidate blocks which partially forms the
image, means for detecting the candidate blocks each having the first picture element
15  ratio larger than a predetermined level, and means for varying the predetermined level,
which is utilized for judging each of the candidate blocks, in accordance with an actual
distance from the camera to an actual location corresponding to a position of each of

the candidate blocks in the image.
In accordance with a twenty-first aspect of the present invention, there is

cle

20 provided an image processing apparatus comprising means for separating picture
elements included in an image taken by a camera into two picture element groups on
the basis of brightness levels of the picture elements, one of the picture element groups
consisting of a plurality of first picture elements, and the other of the picture element
groups consisting of a plurality of second picture elements, means for calculating first

25  picture element ratios each indicative of a ratio of the first picture elements to all of the
picture elements contained in each of candidate blocks which partially forms the
image, means for detecting the candidate blocks each having the first picture element
ratio larger than a predetermined level, and means for varying, in size, each of the
candidate blocks in accordance with an actual distance from the camera to an actual

30 location corresponding to a position of each of the candidate blocks in the image.

BRIEF DESCRIPTION OF THE DRAWINGS
The above and other objects, features and advantages of the present invention
will be apparent from the following detailed description of the preferred embodiments
35 of the invention in conjunction with the accompanying drawings, in which:
Fig. 1 is a schematic view showing a first preferred embodiment of a traffic
control system utilizing traffic congestion measuring method and apparatus according
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(f). flowchart shown in Fig. 4;

Fig. 10 is a flowchart showing detailed steps as a whole defining the step S3 of
the flowchart shown in Fig. 4; '

20 Fig. 11 is a view showing relationships between images formed in the steps
S3a through S3k of the flowchart shown in Fig. 10;

Fig. 12 is a view showing relationships between first and second feature
abstractive images formed in the steps S3J and S3k, respectively, of the flowchart
shown in Fig. 10 and a product image formed in the step S3I of the flowchart shown in

25 Fig. 10; '

Fig. 13 is a flowchart showing detailed steps as a whole forming the step S4 of
the flowchart shown in Fig. 4;

Fig. 14 is a view showing movement blocks detected in the step S4 of the
flowchart shown in Fig. 10; _

30 Fig. 15 is a view illustrated for explaining a manner in which congestion
sample points are detected in the step S5 of the flowchart shown in Fig. 4;

Fig. 16isa flowchart showing detailed steps as a whole forming the step S6 of
the flowchart shown in Fig. 4; |

Fig. 17 is a view showing congestion blocks detected in the step S6 of the

35 flowchart shown in Fig. 4;

Fig. 18 is a flowchart showing the detailed steps as a whole defining the step

S7 of the flowchart shown in Fig. 4; : '
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step (c) by aaccﬂdﬁng'ftd)ﬂi%pimﬁnbaihm fol | ows: Bl[err] = B[err]
+lerr] x (Xerr] Fig. [Z‘irl ]a)v1ew showing relationships between a spatial measurement area
and a traffic flow measurement area which are measured by the traffic congestion
measuring apparatus shown in Fig. 20;
10 Fig. 22 is a flowchart showing steps of measuring spatial densities in the
traffic congestion measuring system shown in Fig. 20;
Fig. 23 is a view showing relationships between results of the calculation and
the detection obtained in the steps of the flowchart shown in Fig. 22;
Fig. 24 is a view showing relationships between a sample point image formed
15  in the step P1 of the flowchart shown in Fig. 22 and sample lines set in the same step;
Fig. 25 is a flowchart showing a first example of detailed steps as a whole
defining the step P4 of the flowchart shown in Fig. 22;
Fig. 26 is a flowchart showing a second example of detailed steps as a whole
defining the step P4 of the flowchart shown in Fig. 22;
20 Fig. 27 is a flowchart showing a first example of detailed steps as a whole
defining the step P5 of the flowchart shown in Fig. 22;
Fig. 28 is a flowchart showing a second example of detailed steps as a whole
defining the step P5 of the flowchart shown in Fig. 22;
Fig. 29 is a flowchart showing detailed steps as a whole defining the step P7 of
25  the flowchart shown in Fig. 22;
Fig.30isa view showing the changes of presence sample lines before, while
and after the presence sample lines are corrected in the step P7 of the flowchart shown
in Fig. 22;
Fig. 31 is a flowchart showing detailed steps as a whole defining the step P8 of
30 the flowchart shown in Fig. 22;
Fig. 32 is a flowchart showing detailed steps as a whole defining the steps P9
of the flowchart shown in Fig. 22;
Fig. 33 is a flowchart showing detailed steps as whole defining the step P10 of
the flowchart shown in Fig. 22;
35 Fig. 34 is a view showing the changes of presence sample lines before and
after the presence sample lines are corrected in the step P 10 of the flowchart shown in
Fig. 22;
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state of traffic cpy Eﬂs'aoﬂ Wi3howing relhfiénshf 'bétv&é%n%n?@ehﬁﬁhﬁhﬁﬁ&%& WbCh
represents a road and veh L Cles conen oi n oad an
formed bip a Ample lingyimmediatel Ytb&mﬂﬁg&f@fwwev%ﬁ%ﬁwple a@spe.ffsve
means for sepdstdghvemehtiraas ihto whick tiEthevenenesaniple lihederedtedin the step Q] ofach
e flowchart shown in Fig. 40 and the two sample lines are expected to be respectively
of the sanpl & flowchart shown in Fig. 40 and th ple li d to be respectivel
transferred; |
Fig. 42 is a flowchart showing a first example of steps of measuring the tail
20 position of a traffic congestion range detected by the traffic congestion measuring
apparatus shown in Fig. 20; |
Fig. 43 is a flowchart showing a second example of steps of measuring the tail

b‘

position of the traffic congestion range detected by the traffic congestion measuring
apparatus shown in Fig. 20;
25 Fig. 44 is a view showing relationships between results of the calculation and
the detection obtained in the steps of the flowcharts shown in Figs. 42 and 43; and
Fig. 45 is a view the tail position of the traffic congestion range measured in
accordance with the steps of the flowchart shown in Fig. 42.

30 DESCRIPTION OF THE PREFERRED EMBODIMENTS
<First Embodiment>
Referring to Figs. 1 to 19 of the drawings, a first preferred embodiment of a
traffic control system adopting traffic congestion measuring method and apparatus
according to the present invention will be described in detail bereinafter. -
35 The traffic control system is shown in Fig. 1 as comprising video cameras 11
to 14, traffic congestion measuring units 21 to 24, traffic signals 31 to 34, signal control
units 41 to 44 and a repeating installation unit 50. All of these units and devices are



ki nes being formed by a plurality of sanple points aligned on a line
perpendi cular to a direction in which the road extends, and each of

t he sanpl e points having a brightness ,

-9- level, means for formng a criyerion brightness inmage, in which
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the differ enﬁﬁe&tgﬁiﬂﬁvarm%s&é‘imﬁﬁébf@Ac'h%f@ﬁéctfoﬁﬂﬁm lating the difference
10 The traffic congestion measuring units 21 to 24 are designed to measure not
only traffic quantity but also traffic congestion ranges or traffic queue lengths on the
basis of the number, the velocities and the types of vehicles that are approaching the
intersection IS. Each of the traffic congestion measuring units 21 to 24 is shown in Fig.
3 as comprising a CPU 2, an image memory 3, an input device 4, a display unit 5, a data
15  storage unit 6, a transmitting unit 7, a RAM (Random Access Memory) 8 and a ROM
(Read-only Memory) 9.

When each of the video cameras 11 to 14 are operated to obtain image data,
the image data are transmitted to the CPU 2 of each of the traffic congestion measuring
units 21 to 24. The image data are further transmitted from the CPU 2 to and stored in

20 the image memory 3. The ROM 9 previously stores various programs that is to be read
out and executed by the CPU 2. When the programs are executed by the CPU 2, the
RAM 8 serves as a work area. The execution of the programs causes the required image
data to be read out from the image memory 3. Based on the required image data,
various calculations are carried out and, finally, the following measurement results

25  pertinent to the state of traffic congestion are calculated. The calculation values
produced during the execution of the programs are temporarily stored in the image
memory 3. The measurement results pertinent to the state of traffic congestion are
transmitted to the display unit 5, the data storage unit 6 and the transmitting unit 7. The
display unit 5 is operated to display the inputted measurement results pertinent to the

30  state of traffic congestion on its own screen. The data storage unit 6 is operated to store
therein the inputted measurement results pertinent to the state of traffic congestion.
The transmitting unit 7 is operated to transmit the inputted measurement results
pertinent to the state of traffic congestion to the central control unit 60 in the traffic
contro] center shown in Fig. 1 by way of the repeating installation unit 50. The input

35 device 4 serves as input means for allowing set values and threshold values to be
inputted therein and allowing the present values to be replaced with new values.

Returning back to Fig. 1 of the drawings, the central control unit 60 in the
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taken by the v1deo camera. Assuming that the video camera takes an image 71 shown
in Fig. 6, the sample points are denoted by "~ in Fig. 6. In the step S2, the sample

points, which are set in the image taken at time t, and at each of which the vehicle is

expected to be present, are detected as presence sample points. In the step S3, the

20 sample points, which are set in the image taken at the time t,, and at each of which the

vehicle in motion is expected to be present, are detected as movement sample points. In

the step S4, rectangular blocks each formed by the sample points adjacent to one

another are detected as movement blocks. Each of the detected movement blocks

includes the movement sample points. A ratio of the movement sample points to all of

26 the sample points contained in each of the movement blocks is larger than a

predetermined level. In the step S5, the presence sample points which are excluded

from the movement blocks are detected as congestion sample points. In the step S6,

rectangular blocks each formed by the sample points adjacent to one another are

detected as congestion blocks. Each of the detected congestion blocks includes the

30 congestion sample points. A ratio of the congestion sample points to all of the sample

points contained in each of the congestion blocks is larger than a predetermined level.

In the step S7, the state of traffic congestion in the measurement area at the time t, is

measured depending lipon the congestion blocks. In the step S8, n is replaced n+1 and

the control is returned from the step S8 to the step S2. Note that n is a positive integer

35 and that Iit,.-t,] is constant. The steps S2 through S7 are repeated at regular time
intervals.

Fig. 5 summarily shows relationships between results of the calculation and
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than a predeterm ned vehi cl e.to 10 aIJg L ﬁyveqxdcl es r preﬁegt ed in

the i mage taRBF Fd FIPLCIGRLE e cles s Tecangles shawn hy solid lines. © As wi
understood from Fig. 6, the sample points on each line perpendicular to a direction in

which the road represented in the image extends are positioned in the image so as to
10  correspond to actual locations, respectively, aligned at regular actual space intervals on

the road. The reason why the sample points are thus positioned is that distortions in

each line perpendicular to the direction in which the road extends is small and that a

distance in the image between two sample points aligned on the line perpendicular to

the direction in which the road represented in the image extends can be transformed
15  into an actual distance with ease.

On the other hand, the sample points on each line parallel to the direction in
which the road represented in the image extends are aligned at space intervals. The
space interval between two adjoining sample points aligned on each line parallel to the
direction becomes smaller as two actual locations on the road respectively

20 corresponding to the two adjoining sample points are more remote from the video
camera. The reason why the sample points on each line parallel to the direction in
which the road represented in the image extends are thus aligned is described below. In
an image area corresponding to an actual area near to the video camera, the image of the
vehicle is large. For this reason, the travel condition of the vehicle can be detected with

25  ease even if the sample points are sparsely arranged. On the contrary, in an image area
corresponding to an actual area remote from the video camera, the image of the vehicle
is small. For this reason, the travel condition of the vehicle is detected with difficulty if
sample points are sparsely arranged. For example, in a faraway image area
corresponding to an area most remote from the video camera, the space interval

30 between two samplé points aligned in a direction in which the vehicle is traveling is

| corresponding to that between two adjoining picture elements in the image. In the
image areas nearer to the video camera, as two actual locations corresponding to the
two sample points are nearer to the video camera, the space interval between the two
sample points becomes larger to the extent that the travel condition of the vehicle can

35 be detected. In this case, the space intervals of the sample points may be determined
depending upon a predetermine limit value indicative of the total number of the sample
points. By determining the space intervals of the sample points in this way, not only
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In the step S2a, threshold levels TH1 each utilized for binarizing brightness
level of each of the sample points in the following binarization manner are respectively
20 determined in accordance with distance values each indicative of an actual route
distance from the video camera to an actual location on the road corresponding to a
position of each of the sample points in the image. In the step S2b, is formed a sample
point image represented by only picture elements corresponding to the sample points,
respectively. Fig. 8 shows an example of the sample point image. As will be
25  understood from Fig. 8, the sample point image is formed by mapping the sample
points in the image at the time t, into a rectangular coordinate system. The sample
points forming the sample point image are stored in the form of a two-dimensional data
format corresponding to the arrangement of the sample points shown in Fig. 8. Each of
the brightness levels of the picture elements corresponding to the sample points is
30  represented in the form of 8 bit data format.

The step S2b leads to the step S2c in which a difference image is calculated by
calculating brightness difference values each indicative of a difference in brightness
level between each of the sample points in the sample point image and each of the
sample points in a criterion brightness image corresponding in position to each other.

35  The criterion brightness image used in the initial control flow in the flowchart shown in
Fig. 7 may represent a background with respect to the vehicles and be taken by the
video camera on the same condition as the measurement is started on. Most preferably,
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is represented by only picture elements corresponding to the sample points,

respectively.

10 In the step S2d, the criterion brightness image which is utilized for calculating
the difference image with respect to the sample point image at time t,,, is renewed by
the following equation on the basis of the difference image calculated in the step S2c.

By = By + 1 X (XyBy) )
15
wherein X, is a brightness level of each of sample points forming the sample point
image taken at time t,, B, is a brightness level of each of sample points forming the
criterion brightness image which is utilized for calculating the difference image with
respect to the sample point image taken at time t,, B, is a brightness level which is
20 utilized for calculating the difference image with respect to the sample point image
taken at time t,.4, 1] is a variable coefficient decreased in proportion as IX,,-B,} becomes
large and as traffic congestion level on the road is increased. The reason why 7 is
decreased in proportion to increase in IX,-B,| is that a possibility that the vehicle is
present is increased in proportion as the variation in brightness is increased. In this
25 case, 1 is set for each of the sample points. On the other hand, in order that the
brightness level of the vehicle caught by the traffic congestion is prevented from being
inputted into the system, 1 is decreased in proportion to the increase in the traffic
congestion level on the road. In this case, 1] is set for each of the traffic lanes or each of
predetermined areas in the image. The traffic congestion level is determined depending
30  upon traffic congestion ranges described below.

Since the criterion brightness image is renewed in accordance with the
equation (i) described hereinbefore, the criterion brightness image can be automatically
varied in accordance with the variation in weather and the variation of the sunlight due
to elapsed-time. In addition, since the criterion brightness image is renewed in

35 accordance with the equation (i), “X,-B,” calculated in the step S2c can be
appropriated for the renewal of the criterion brightness image, thereby making it
possible to reduce the calculations in quantity. If the calculation can be allowed to
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o ol o i TH S AR Ol ol sty Attt o
feat ur e abstsc’i’éfpﬂgaﬁoﬁ%g Pét?Pog i gﬁm tbx"ﬁ%g%t?p %‘w r@m‘ah &Ach pEthy |
whi ch are utdiffereatiation valudsosf the sampls peititsrig thadiffertntpitet differerice imags imnmong

the series GJi?M%ﬂ or tk%réiixloi’q%‘&%ﬁ?&%ﬁ of the thre‘éﬁ%lﬁ 1&‘%!safﬁ&! %tegfnﬁlte&% ﬂ:efsft&“ the
video canera to an actual locatlon corresponding to a posI tion of each
of the pilct ¥2a, & hatthe sampleteints inthe differentiated difierengerignage each has alevelof |
accor gagc e W({hoE 5, Xn@RO§tBp Sﬁg’,:tﬁé r(sj@;iplé b&pﬁﬂﬁ$ﬁg{@ﬁh& I%Vﬁrﬁfi“q]['haré hété@t?d s
provi ded an jmage processin 3t ho i .sing the steps of. separatin
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picture el e%pfe [tuﬁnés‘lblecgrfnest s%lf%{' g &l &ctual route distance from the video camera to a
location on the road corresponding to a position of each: of the sample points in the
image becomes larger. The reason why the threshold levels TH1 are thus set is that the

20 image representing an actual area remote from the video camera grows dimmer in

comparison with that representing an actual area in the neighborhood of the video
camera and accordingly that a difference in brightness between the vehicles and the
background is decreased. Since each of the threshold levels is set for each of the sample
points in accordance with the actual route distance from the video camera to the actual

25 location on the road corresponding to the position of each of the sample points, the
presence sample points in any position can be detected on an accurate level with one
another. _

The process of detecting the movement sample points performed in the step S3
shown in Fig. 4 is described in detail hereinlater with reference to Fig. 10 showing a

30  flowchart formed by the steps S3a through S3m. The process will be understood with
ease, provided that Figs. 11 and 12 are referred to in each step.

In the step S3a, the sample point image is divided into a plurality of image
zones the number of which is designated by "M~. In the present embodiment, the
sample point image is divided into three different image zones consisting of a faraway

35 1image zone which corresponds to an actual area remote from the video camera, a
neighboring image zone which corresponds to an actual area near to the video camera,
an intermediate image zone located between the faraway image zone and the
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in an image zone correspondmg to an actual area remote from the video camera. For

this reason, in the image zone near to the video camera, the velocity of the vehicle can
10  be detected with easy by comparing the sample point images taken at different times
between which there is a short time interval. Consequently, the time intervals o, and
Bm used for selecting the sample points in the neighboring image zone corresponding to
the actual area near to the video camera may be short. On the other hand, in the faraway
zone corresponding to the actual area remote from the video camera, the velocity of the
15  vehicle can be scarcely detected by comparing the sample point images taken at
different times between which there is a short time interval. Consequently, the time
intervals o, and B, use for selecting the sample points in the faraway image zone
corresponding to the actual area remote from the video camera may be long. The time
intervals o, and B,, may be different from each other however, the time intervals oy,

20  and B, are preferably equal to each other.

In the step S3c following the step S3b, the sample point images are formed
from the images taken at times t,, t,-0, and t;+f,,. In the step S3d, is calculated a first
difference image zone indicative of a difference in brightness between the mth image
zone of the sample point image taken at the time ¢, and the mth image zone of the

25 sample point image taken at the time t,-o, The first difference image zone is
binarized with the threshold level TH1 determined in the step S3b to calculate a first |
feature abstractive image zone in the step S3e. This results in the fact that each of the
sample points in the first feature abstractive image zone has a level of 07 or *1.

In the step S3f, is calculated a second difference image zone indicative of a

30  difference in brightness between the mth image zone of the sample point image taken at
the time t, and the mth image zone of the sample point image taken at the time t,+f,.
The step S3f leads to the step S3g in which the second difference image zone is
binarized with the threshold level TH2 determined in the step S3b to calculate a second
feature abstractive image zone. This means that each of the sample points in the second

35 feature abstractive image zone has a level of ~0~ or *1.

By virtue of the steps S3h and S3i followmg the step S3g, the steps S3b
through S3g are repeated until m is equal to M. Accordingly, three first feature
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the feature abstractive image as will be understood from the first or second feature
abstractive image shown in Fig. 12. This means that the movement sample points
cannot be detected on the basis of only one of the first and second feature abstractive

20  images.

If the time intervals o, and B, are appropriately controlled in the process of
detecting the movement sample points, it is possible that the sample points indicative
of the low speed moving vehicle, which is moving at 20 km/h or lower, are prevented
from being detected as the movement sample points. The present embodiment,

25  therefore, can be applied to measurement for the traffic congestion caused by the low
speed vehicles by appropriately controlling the time intervals o, and By,.

The process of detecting the movement blocks in the step S4 shown in Fig. 4 is
described in detail hereinlater with reference to Fig. 13 showing a flowchart formed by
the steps S4a through S4j.

30 In the step S4a, a calculation start point is set to the sample point located at the
top left-hand comer of the sample point image. It is assumed that candidate blocks
which might be detected as the movement blocks are rectangular blocks each partially
forming the sample point image and formed by a plurality of sample points adjacent to
one another and arranged in the form of a matrix atray. In the step S4b, the size of each

35  of the candidate blocks and a threshold level TH1 utilized for binarizing the sample
points in each of the candidate blocks are determined in accordance with an actual
route distance from the video camera to an actual location on the road corresponding to
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pi cture in the step S4b is in the negative “NO7, the step S4d leads to the step S4f. By virtue of
the steps S4f and S4g, the steps S4c through S4e are repeated until judgments whether
10  all of the candidate blocks aligned in a row by one sample point pitch are movement
blocks or not are finished.

The step S4f is followed by the step S4h in which the calculation start point is
shifted to the left side end in the sample point image. By virtue of the steps S4i and S4j,
the steps S4b through S4h are repeated. In the other hand, the calculation point is

15  shifted to a lower side of the sample point image (the downstream side toward which
the vehicles run) in the detecting process for the candidate blocks aligned in a row and
the process is repeated. This results in the fact that the judgments whether all of the
candidate blocks aligned in a row are movement blocks or not are repeated all over the
rows, thereby making it possible to detect all of the movement blocks included in the

20 sample point image. |

Fig. 14 shows, by way of example, two detected movement blocks overlapping
with each other. Each of the movement blocks shown in Fig. 14 is formed by five
columns of three sample points. The movement sample points are denoted by *©~
and the sample points except the movement sample points are denoted by *O~. The

25  ratio of the movement sample points to all of the sample points contained in each of the
movement blocks shown in Fig. 14 is 60%. In this case, the threshold level TH1 used
for judging the candidate block is 55%. As shown in Fig. 14, the movement sample
points excluded from the movement blocks are eliminated as noises.

In the aforesaid step S4b, the size of each of the candidate blocks i.e., the total

30 number of the sample points contained in each of the candidate blocks, and the
threshold level TH1 may be determined as follows. Each of the candidate blocks may
be substantially equal in size to an average vehicle represented in the image and,
accordingly, roughly indicative of the outline of one vehicle in the sample point image.
In the faraway image zone corresponding to the actual area remote from the video

35 camera, the candidate block becomes smaller because of the fact that the vehicle image
becomes smaller. In the neighboring image zone corresponding to the actual area near
to the video camera, the candidate block becomes larger because of the fact that the
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bllocks in thg B0 described in detail hereinlater with reference to Fig. 16 showing a flowchart
formed by the steps S6a through S6;j.

In the step S6a, a calculation start point is set to the sample point located at the

20  top left-hand corner of the sample point image. It is assumed that candidate blocks

which might be detected as the congestion blocks are rectangular blocks each partially

forming the sample point image and formed by a plurality of sample points adjacent to
one another and arranged in the form of a matrix array. In the step S6b, the size of each
of the candidate blocks and a threshold level TH1 utilized for judging the sample points
25  in each of the candidate blocks are determined in accordance with an actual route
distance from the video camera to a location on the road corresponding to a position of
each of the candidate blocks.
In the step S6c, is calculated a ratio of the congestion sample points included
in the candidate block to all of the sample points included in the same candidate block.
30 In the step S6d, a judgment is made upon whether the ratio of the congestion sample
points to all of the sample points in the candidate block is larger than the threshold level
TH]1 determined in the step S6b. If the answer in the step S6d is in the affirmative
“YES~, the step S6d leads to the step S6e in which the candidate block is detected as
the congestion block. If the answer in the step S6b is in the negative *NO~, the step
35 S6d leads to the step S6f.
By virtue of the steps S6f and S6g, the steps S6c¢ through S6f are repeated until
judgments whether all of the candidate blocks aligned in a row by one sample point
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BRKEF DESCRI PTI ON OF THE DRAW NGS The above and ot her

" objects, features and advantages of the present invention w il be
apparent fromthe follow ng detail ed description of the preferred
enbodi nents 35 of the invention in canppnction with the acconpanying
drawi ngs, in which: Fig. 1 1s a schematic view showi ng a
first preferred enbodi nent of a traffic control systemutilizing
traffic congpith &8 comgestion blockedhmd arerfthishedar at us accor di ng

- 14 - tot hﬁ},&{¢§€§§f is T&Yo%#&r}h%ste%%h in which the éaﬁ:ufl]ﬁxohsstﬁ‘t pointis

perspect ive view s alrea s e0 canera g
shifted fojthe le§ sids endfin &@wampl&@pmmmwmnwﬁthastﬁpt%@ng 86k i on

][nleasual ng aﬁﬂférs@éﬁdss@f %hr&réhv‘é%ﬁ BreMfePeatdd. In the other hand, thE 'cﬁlcuﬂmbﬁ pdint is
_ owehar t5 SN hedto a fower side of the éaltr?p e S&%ts Pnrlé.gré thset (Fcpwnsg'eam sn{mtowax}c/l which
the vehicles run) in the detecting process for the candidate blocks aligned in a row and
the process is repeated. This results in the fact that the judgments whether all of the
candidate blocks aligned in a row are congestion blocks or not are repeated all over the
rows, thereby making it possible to detect all of the congestion blocks included in the

10  sample point image.

Fig. 17 shows, by way of example, two detected congestion blocks
overlapping with each other. Each of the congestion blocks shown in Figs 17 is formed
by five columns of three sample points. The congestion sample points are denoted by
"%~ and the sample points except the congestion sample points are denoted by »Q .

15  In this case, the threshold level TH1 used for judging the congestion blocks is 45%.
The ratio of the congestion sample points of all of the sample points contained in each
of the congestion blocks shown in Fig. 17 is 47%. As shown in Fig. 17, the congestion
sample points excluded from the congestion blocks are eliminated as noises.

In the step S6b, the size of each of the candidate blocks i.e., the total number of

20 the sample points contained in each of the candidate blocks, and the threshold level
TH1 may be determined as follows. Each of the candidate blocks may be substantially
equal in size to an average vehicle represented in the image and, accordingly, roughly
indicative of the outline of one vehicle in the sample point image. In the faraway image
zone corresponding to the actual area remote from the video camera, the candidate

25  block becomes smaller because of the fact that the vehicle image becomes smaller. In
the neighboring image zone corresponding to the actual area near to the video camera,

- the candidate block becomes larger because of the fact that the vehicle image becomes
larger. In the meantime, the threshold level TH1 used for judging the candidate block
in the faraway image zone remote from the video camera is decreased because of the

30 fact that a difference in brightness between the adjoining picture elements in the
candidate block is small. Conversely, the threshold level TH1 used for judging the
candidate blocks in the neighboring image zone near to the video camera is increased.
If the size of the candidate block and the threshold level TH1 are thus determined, the
congestion blocks in the whole image can be detected with the same accuracy

35 independently of an actual route distance between the video camera and a location on
the road corresponding to a position of each of the candidate blocks.

The process of measuring the state of traffic congestion in the step S7 shown
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In the step S7c, the abrupt variations of the traffic congestion ranges in position are
eliminated as noises on the basis of a profile indicating the positions of past traffic
congestion. At the same time, the positions of the current traffic congestion are

15  cormrected through smoothing process. As a result, the traffic congestion ranges are
corrected and outputted as conclusive measurement results.

According to the aforesaid embodiment, not all of the picture elements
contained in the image but the sample points corresponding to part of the picture
elements contained in the image are processed, so that data produced in the calculation

20 process can be extremely decreased in quantity. Hence, the traffic congestion
measuring apparatus can be simplified in hardware and reduced in cost. In addition,
the traffic congestion measuring apparatus can process the image at high speed and,
accordingly, measure the state of traffic congestion in real time. More specifically, the
measurement result can be outputted within one or two seconds, i.e., (the longest time

25 interval)+(processing time). The present invention is, therefore, extremely suitable for
the present embodiment of the traffic control system designed to control the green or
yellow light of the traffic signals. As will be appreciated from the foregoing description
of the embodiment, it is possible that the traffic congestion measuring apparatus starts
to measure the state of the traffic congestion without the previously learning and with

30 accuracy immediately after the setup of the apparatus is completed. In addition, the
traffic congestion measuring apparatus can be stably operated to measure the state of
the traffic congestion independently of the variations in circumstances such as
locations, time, weather and traffic densities. The traffic congestion measuring
apparatus can also measure the traffic queue length with ease.

35 Each of the various parameters serving as criterion levels in the various
judgments is varied in accordance with an actual route distance from the video camera
to a location on the road corresponding to a position of each of the sample points, so
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etdtted as a vehicle caught up in the traffic congestion, so that the traffic
congestion measuring apparatus is stably operated to measure the state of the traffic
congestion. Based on the detected movement sample points and the detected
10  congestion sample points, a moving vehicle and a vehicle caught up in the traffic
congestion are detected as the movement block and the congestion block, respectively.
Hence, the movement sample point and the congestion sample point respectively

excluded from the movement block and the congestion block are eliminated as noises
with facility. When a plurality of video cameras and a plurality of traffic congestion
15  measuring units are arranged along the road and when the adjoining video cameras
spaced apart from each other at a distance covered by the video camera, the traffic
control system can be operated to measure the state of traffic congestion over a long
distance range. In the present embodiment, the state of traffic congestion in the whole
measurement area is not estimated from measurement results in a local part of the
20 measurement area but directly measured, thereby enabling the traffic control system to
quickly detect various accidents such as traffic accidents or vehicular accidents.

As will be appreciated from the foregoing description, the present
embodiment is also a preferred embodiment of the image processing method and
apparatus according to the present invention.

25 The aforesaid traffic congestion measuring units were set at two locations in
Tokyo and Osaka, respectively, in 1995 and are operated practically. The measurement
results of the field test will be described hereinafter.

(Measurement Results of Field Test in Tokyo)
30 (A) Measurement condition
Location: Uchisaiwai-cho Intersection in Tokyo
Environment: The field test was carried out under six different measurement
conditions in view of various possible environments such as the
weather (fine, cloudy and rainy), measurement time (daytime,
35 twilight and night), traffic quantity (light traffic and heavy traffic).

(1) August 2nd, 15:00-17:00 (daytime, cloudy to rainy, heavy traffic)



Fig. 21 is a view showi ng rel ati onshi ps between a spatial neasurenent area
and a traffic flow neasurenent area which are neasured by the traffic
congesti on measuri ng apparatus shown in Fig. 20; 10 Fig. 22
is a flowhart show ng steps of neasurin 0spatial densities in the

traffic congesti on neasuring system sho in Fig. 20; kg 23
Is a view showi ng rel ati onshi ps between results of the cal cul ation and

t he detection obtai pads : | ' 22;

g 24 s aviow sk 3 IBM0ER0 itk GUERARL ciPdely Bl 22
15 in the step P1 €3) Awgnst Brgndhddtl ytime,Hing, heavyarfifiddanpl e 1ines set
in the sanme step; ¢ B020: 3P(twilight PR Fine, P ey f 1 r st
exanpl e of detail ed(i)t%%gsusagmélggggamﬁl_ e iidlili ng éﬁg ?{bﬁw P4 o? t he
flowchart shown in ffugnst Sth, 15:00-17:00 (daytpme, clongy; hart showing a
second exgnpl e of despAdhgMt StheP8:30-20e80/Ewilight and night, cloudy lighetraffiep P4 of
the flowhart shown in Fig. 22; 20 Fig. 27 is a flowhart
showing a first exanple of detailed steps as a whole defining the step
P5 of the fl owhar (BxMeasuremertiMetha®; Fig. 28 is a flowhart

showi ng & second, exfRlEndly fEk 2k £l 3658 ¥ Trathlafes and BAIRIL Dlehgnl S

step P5 of the flo own 'in H

flowchart showi ng det ai | 50 metqrs fram tgéwmit’i@_l elevhich the video eamegpa feplaged25  t he
f I owchar tl? shown i nyfddnent &f Fafﬁc cog%efstion: Veficlks in fovr Spedd Yidtidn SROWnIRiefde.

changes of presence sanple |1nes ore, while . and after the presence
sanple lines are correct &dbq YP“E‘H%S W@Wﬁcl"ﬂ%gﬂlmhart ~shown in
Fig. 22; Fi g. 31wWhenpaftlof diiahicldiaugtitbydrd @afficdopisdtion RS a

whol e defining the step E)n%v?ﬁcg and when traffic quene following the moving vehicles is

stationary, the position of the traffic congestion most remote from the
15 intersection is judged to be a tail position of the traffic congestion;
The tail position of the traffic congestion is outputted every
second and the average of peaks of the traffic queue lengths
calculated every 5 minutes is considered as an average of peaks of the
: measurement values.
20
(C) Standard Evaluation of Measurement Results
The precision of the traffic congestion measurement results of are
calculated by the following equation. Note that the following average of peaks
of true value is an average of peaks of traffic queue lengths calculated every 5
25 minutes, the traffic queue lengths being calculated in simultaneous
relationship to signal cycle.
[Traffic Congestion Measurement Precision (%)]
= [{Average of Peaks of Measured Traffic Queue Length (meter)}
+ {Average of Peaks of True Values of Traffic queue length (meter)}]
30 %100 ... (iii)

(D) Evaluation of Precision
The precisioh' of the traffic congestion measurement results under the
aforementioned conditions (1)-(6) are described as follows:
35 (1):95.4% (2):96.4% (3):98.6%
(4):95.5% (5):98.2% (6):95.7%



30~ the flowchart shown in Fig. 22; Fig. 32 is a flowchart

showi ng detailed steps as a whol e defining the steps P9 of the

fl omchart shown in Fig. 22; Fig. 33 is a flowhart show ng
detail ed steps as whol e defining the steg Pl O of the flowhart shown
in Fig. 22; 35 Fig. 34 is a vPbW showi ng the changes of presence

sanple lines before and after the presence sanple lines are corrected

in the step P 10 of the.ﬂi%%%&mﬁﬂé?m:é traffic con g's[tio%%bgtoxim?te to the frue
- 16 - _ Fig. I's"a view show ng séalal ensitres or mesh
sections obtai ned valve ¢am be measgred unfarevety qonditions\wEheipeaks nbthe trafficqueue 22

Fig. 36 is a view jehiiHak HeSHedsRfenfhP é’g{giﬁqﬁﬁ&mgﬂat the spati al
e

- density is required to be correc ependi ng upon a ratio of
| ar ge-si zed vehicles to all of the 5 vehicles in the step P15 of the

f I owchar ts shQweasufentent Residés of Field Test in Osakdyl §. 37 is a f I.owchart show ng
steps of neasuri ng(As)q&'éﬁilsiilIren[\l/e(;:-llt g():li1 tiigns in the
Location: Deyashiki-minami Intersection on JP Route 1 in Hirakata
Environment: The field test was carried out under five different measurement
conditions in view of various possible environments such as the
10 weather (fine and rainy), measurement time (daytime, twilight and
night). '
(1) August 30th, 20:45-21:15 (night, rainy)
(2) August 31st, 10:20-10:50 (daytime, rainy)
(3) September 4th, 11:00-11:30 (daytime, fine)
15 (4) September 4th, 18:20-18:50 (twilight, fine)
' (5) September 4th, 19:30-20:00 (night, fine)

(B) Measurement Method
Measurement area: An area covering two traffic lanes and having a length of
20 100 meters from the position at which the video camera is placed.
Judgment of traffic congestion: Vehicles in low speed motion are considered
to be a vehicle caught by traffic congestion.
When part of the vehicles caught by the traffic congestion is
moving and when traffic queue following the moving vehicles is
25 stationary, the position of the traffic congestion most remote from the
' intersection is judged to be a tail position of the traffic congestion;
Position of Traffic Congestion:  One of two head positions of two traffic
queues on the two traffic lanes nearer to the video camera is detected
as the head position of the traffic congestion. One of two tail
30 positions of two traffic queues on two traffic lanes more remote from
the video camera is detected as the tail position of the traffic
congestion.
The head and tail positions of traffic congestion are replaced
with any of several output values described below, in accordance
35 with a route distance from the video camera to the position of the
traffic congestion.



twaffic congestion neasuring systemshown in Fig. 20; Fig. 38
Is a view showi ng rel ati onshi ps between results of the cal cul ati on and

the detection obtained in the steps of the flowhart shown in Fig. 37; 10
Fig. 39 is a flowhart showing a first e%rple of detailed steps as a whole
defining the step Q4 of the flowhart sho¥n™in Fig. 37 Fi g.
40 is a flowhart showi ng a second exanple of detailed steps as a whole
defining the step 4 of th t own in Fig. 37 _ Fig.
41 is a view show ng rel at ?%Iﬁtsaﬁ?%g ef{év\'gen a novenent sanple line, tw 15
sanpl e lines i mediately befunera®ositioht er t he novenent OvtpupNaluei(meter) and
prospective post - novenent Oaii?lﬁ)s into which the novenentyganple |ine
detected in the step Q4J of { he flowchart shown in Fig._40 and the two
sanple lines are expected to bégf%’ﬁectively transferretd

Fig. 42 ig a flowhart show ng2e<iq3pst exanpl e of steps of nggsuring the
tail 20 position of a traffic @g@(&stion range detected by /idle traffic
congestion measuring appa? shown in Fig. 20; Fig. 43
is a flowhart show ng a second0<xdipl e of steps of neasuringpthe tail
position of the traffic congesgé)%%@ange detected by the traédic congestion

nmeasuri ng apparatus shown I'g. 20; 25 Fig. 44 is a view
showi ng rel ationshi ps between 6@&xd7s of the cal cul ati on and?$ t he
det ectionpobtai ned in the stepgsgfcipfhe flowcharts shown in Fgs. 42 and 43;
and Fig. 45 is a viewthe tail position of the traffic
congestion range neasured in The headanddaih pesitipnsiofithetraffic gonggstion are
flowchart shown in Fig. 42. outputted every second.
(C) Measurement of True Value f
15 In August 30th and 31st, true values indicative of head and tail

positions of the traffic congestion indicated by any of distances of 10, 20, 30,
40, 50, 60 and 100 meters are measured with the eye from the image taken by
the video camera.
In September 4th, true values indicative of head and tail positions of
20 the traffic congestion are measured by measurement staff members stood at
the locations of the route distances 50, 75 and 100 meters, respectively. The
true head and tail positions of the traffic congestion indicated by any of
distances of 10, 20, 30, 40 and 60 meters are measured with the eye from the
image taken by the video camera. '
25
(D) Standard Evaluation of Measurement Results
~ Based on the measurement results obtained through the traffic
congestion measuring method according to the present invention, a measured
total stagnating period is calculated depending upon upper one of two
30 equations described below. Based on the true values of the head and tail
positions of the traffic congestion, a true total stagnating period is calculated
depending upon the upper equation. A ratio of the measured total stagnating
period to the true total stagnating period is calculated depending upon lower
one of the two equations. .
35 [Total Stagnating Period (meter-sec)]
= [Traffic Queue Length (meter)] x [Time(sec)]



30+ DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS ~<First Enbodi nent >
Referring to Figs. 1 to 19 of the drawings, a first preferred enbodi nent of

a traffic control system adopting traffic congestion nmeasuring nethod
and appar at us according to the preseat _invention will be described in
detail hereinafter. 35 The traffic control systemis shown in
Fig. 1 as conprising video caneras 11 to 14, traffic congestion
neasuring units 21 to 24,—{{1’%?1“1’0@1&&1%@%&53@052%3& (ﬁbﬂfﬁ' {F1_Ad P&dition of
units 41 to 44 and a repea installation_unrt of these units and

devices are Traffic ongestion (meter)}] x [tlme(sec)] - 17 -
|l ocated in the neighborhood of an intersection IS. The traffi.cigontrol

system furt her i ses nt ral tr.al 60 that is located in
atraffic control é’gﬁégmqspoqﬁfasummpgﬂ%m z%ﬁced rel ationship to the
i ntersectbon | S. As showr[{Measured Yahtlmﬁ'mtadisugnatmgRmmdr(meteﬂecbb—:—ﬂ'nmre

spaced apart froma road ef&ﬁfm’*ﬁt&,@?ﬂﬂgi’&gﬁﬁf@eg%dse§ *1% 5

intersection 1S, for exanp s to shoot a road
area Y covering three traffic lanes and each extending fr®n a certain
position in the nei ghborhood of the

(E) Evaluation of Precision

10 The results of the measured value of the total stagnating duration (a),
the true value of the total stagnating duration (b) and the traffic congestion
measurement precision (c) under the aforementioned conditions (1)-(5) are
described as follows:

(8) (msec) (b (m-sec) (©) (%)

1) 42350 43775 96.7
¥A)] 36620 37135 98.6
3) 38755 39030 99.3
@) 45940 46695 98.4
(5) 44690 46465 96.2

_ This means that the state of traffic congestion approximate to the true
15 value can be measured under every conditions. The total stagnating duration
has the measurement precision higher than 96%. |

Resulting from the evaluation of precision described above, the stable
measurement of the traffic congestion queue length and the head and tail of the traffic
20 congestion can be performed without respect to the measurement position,
measurement time, the weather and the traffic quantity.

<Second Embodiment>
Referring to Figs. 20 to 45 of the drawings, a second preferred embodiment of
25  a traffic control system adopting traffic congestion measuring method and apparatus
according to the present invention will be described in detail hereinafter.

The second embodiment of the traffic control system is shown in Fig. 20 as
comprising video cameras 81, traffic congestion measuring units 82, an information
display board 91, a display control unit 92 and a central control unit 100 that is located

30 in a traffic control center. The video cameras 81 are positioned above a highway in
spaced relationship to each other at a certain distance. As shown in Fig. 21, each of the



ilsntersection over a distance of 150 neters. In the present enbodi nent, each

of the video caneras 11 to 14 is positioned on the downstream side of
each of the roads and directed toward the upstream side of each of the
roads. 10 - The traffic congestégn measuring units 21 to 24 are
desi gned to neasure not only traffi¢ quantity but also traffic
congestion ranges or traffic queue |lengths on the basis of the nunber,
the velocitig I g t
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measurement of the present embodiment differ from those used for the measurement of

the first embodiment. Each of the traffic congestion measuring units 82 is designed to

measure the state of the traffic congestion in both of a spatial measurement area E and
a traffic flow measurement area F shown in Fig. 21. The traffic flow measurement area
20 F extends over a distance of 30 meters from a line spaced apart from the video camera
81 at 10 meters and covers four traffic lanes. In the traffic flow measurement area F, the
traffic congestion measuring unit is operated not only to detect the vehicles which are
present in the area F but also to detect the number, the velocities, the lengths and the
types of the vehicles which crosses a sense line DL. The measurement method in the
26  traffic flow measurement area F is disclosed in detail in Japanese Patent Laid-open
Publication No. 5-307695 and, for this reason, the description of the measurement
method is omitted herein. '
In the meantime, the spatial measurement area E extends over a distance of
200 meters from a line spaced apart from the video camera at 10 meters and covers two
30 traffic lanes. In the spatial measurement area E, are measured spatial densities, spatial
velocities and tail positions of traffic congestion. The manner of calculating these
values will be apparent as the description proceeds. _
The results of the measurement by the traffic congestion measuring units 82
are transmitted to the central control unit 100 in the traffic control center. The central
35 control unit 100 is designed to produce traffic information, that is useful to drivers
driving on the highway, on the basis of the received measurement resuits. The traffic
information is transmitted from the central control unit 100 to the display control unit



30. state of traffic congestion on its own screen. The data storage unit 6

I's operated to store therein the inputted neasurenent results
pertinent to the state of traffic congestion. The transmitting unit 7
Is operated to transmt the inputted nmeasyrenent results pertinent to
the state of traffic congestion to the céntral control unit 60 in the
traffic control center shown in Fig. 1 by way of the repeating
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Ret ur ni ng bacbnge:m&m meashring mheSZdhmanglsuctedmlbmmnmhamiyrdbsowibedlhemmMen n
t he :
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ot L e LR AR SAAL e O Bty S5l o W
i mge data ‘aforesaidifitsh embodiamnt; dreedeseripitioncofdhd Madedret farniing tei samplengpéstt | on
ranges respe %ﬁélﬁs Yoditdd Kifein with the intention of avoiding the repeated description. Each of
10 the sample lines is formed by a plurality of sample points aligned on a line
perpendicular to a direction in which the road extends. Fig. 24 shows relationships
between the sample points and the sample lines in the sample point image.

The step P1 is followed by the steps P2 and P3 which are similar to the steps

S2c¢ and S2d, respectively, shown in Fig. 7. The description of the steps P2 and P3 is
15 omitted herein with the intention of avoiding the repeated description.

In the steps P4 and PS5, difference sample lines and edge sample lines,
respectively, are detected on the basis of the difference image. In the step P6, presence
sample lines are detected depending upon the difference sample lines and the edge
sample lines detected in the steps P4 and PS5, respectively. The step P6 leads to the step

20  P7 in which the presence sample points are corrected on the basis of the arrangement of
the presence sample lines. In the step P8, the presence sample lines are further
corrected on the basis of the arrangement of the difference sample lines detected in the
step P4.

In the step P9, movement sample lines are detected depending upon three

25  sample images respectively taken at time t,, time t -0, and time t,+B,,. In the step
P10, the presence sample lines are further corrected on the basis of arrangement of the
movement sample lines. '

In the step P11, the measurement area is divide into a plurality of mesh
sections. In the step P12, the spatial density in each of the mesh sections at the time t,

30  is calculated depending upon the presence sample line corrected in the step P10.

In the step P13, is calculated a ratio of large-sized vehicles of all of the vehicles
which are present in the measurement area at the time t,. In the step P14, is calculated
inter vehicle gap of vehicles which are present in the measurement area at the time t,,.
In the step P15, the spatial density in each of the mesh sections is corrected depending

35 upon the calculated large-sized vehicle ratio and the calculated inter vehicle gap.

In the step P16, n is replaced-with n+1 and the control is returned from the step

P16 to the step P1. Note that n is a positive integer and that lt;,;-t,| is constant. The
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the step P2 shown in Fig. 22. _
If the answer in the step P4b is in the affirmative “YES~, the step P4b leads to
the step PAd. If the answer in the step P4b is in the negative *NO~, the step P4b leads
to the step P4c. In the step P4c, a judgment is made upon whether the brightness
20 difference value of the mth sample point on the kth sample line is smaller than the
negative threshold level TH2 or not. If the answer in the step P4c is in the affirmative
“YES~, the step P4c leads to the step P4d. If the answer in the step P4c is in the
negative *NO”, the step P4c leads to the step P4{.
In the step P4d, a'ﬂag relevant to the mth sample point on the kth sample line
25  is set to ~“ON~ condition and, subsequently, the control proceeds to the step P4e. By
virtue of the steps P4e and P4f, the steps P4b through P4d are repeated until m is equal
to M. The repetition of the steps P4b through P4d has the effect of judging whether the
brightness difference values of all of the sample points on the kth sample line are larger
than the positive level TH1 or not and smaller than the negative level TH2 or not. '
30 In the step P4g, a judgment is made upon whether the number of the flags set
to “ON~ condition exceeds the positive integer threshold level TH3 or not. If the
answer in the step P4g is in the affirmative *YES~, the step P4g leads to step P4h in
which the kth sample line is detected as the difference sample line. If the answer in the
step P4g is in the negative “NO~, the step P4g leads to the step P4j in which m is
35 replaced with *1~ and k is replaced with k+1. By virtue of the steps P4i and P4j, the
steps P4a through P4h are repeated until k is equal to K. Note that K is indicative of the
number of all of the sample lines contained in one traffic lane within the measurement
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detected as congestion bl ocks. Each of the detected congestion bl ocks
includes the 30 congestion sanple points. Aratio of the congestion sanple

points to all of the sanple "~ points contained in each of the congestion
bl ocks is larger than a predeterm ned Iegil. In the step S7, the state
of traffic congestion in the measurenent-area at the time t[err] is

nmeasur ed dependi ng upon the congestion blocks. In the step S8, nis

repl aced n+l1 d . I b3, step
52" Note tnatieh The sopeliih GAbisRps bl bl B b pltferr BBottthe 41l o e
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t he det edd i olingsibecompessnambler Slantactualirputeslistafidedrons thel viideosfamefato@addaatiomon on
and the det eghi
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larger. Reversely, the negative threshold value TH2 used for judging each of the

sample lines becomes larger as the actual route distance from the video camera to the
location on the road corresponding to a position of each of the sample lines in the image
10  becomes larger. The reason why the positive threshold value TH1 and the negative
threshold value TH2 are thus determined is that an image area corresponding to an
actual area remote from the video camera grows dimmer in comparison with that near
to the video camera and, consequently, that a difference in brightness between the
vehicle and the background represented in the image is decreased. Since the positive
15  and negative threshold values TH1 and TH2 utilized for judging each of the sample
lines are determined in accordance with the actual route distance from the video camera
to the location on the road corresponding to the position of each of the sample lines in
the image, all of the presence sample lines can be detected on an accuracy level with
one another. The positive integer threshold level TH3 may be determined in the step
20  P4a as described below. The positive integer threshold value TH3 used for judging
each of the sample lines becomes smaller as the actual route distance from the video
camera to the location on the road corresponding to the position of each of the sample
lines becomes larger, i.e., as a difference in brightness between the adjoining sample
points on the sample line becomes smaller. Reversely, the positive integer threshold
95  value TH3 becomes larger as the actual route distance from the video camera to the
location on the road corresponding to the position of each of the sample lines becomes
smaller, i.e., as the difference in brightness between the adjoining sample points on the
sample line becomes larger. By determining the jpositive integer threshold level TH3 in
this way, the difference sample lines in any position can be detected on an accuracy
30 level with one another.

- A second example of the process of detecting the difference sample lines
performed in the step P4 shown in Fig. 22 will be described in detail hereinlater with
reference to Fig. 26 showing a flowchart formed by the steps P4A through P4H.

In the step P4A, first and second positive threshold levels TH1 and TH2 and

35 first and second negative threshold levels TH3 and TH4 are determined in accordance
with an actual route distance from the video camera to a location on the road
corresponding to the position of the kth sample line. Note that
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with 25 leeaskthspmple lneand eachpf whighisarser thandhe fiese positiye thrrgheld leyel THH.
contrary, i ninahe stepPdCaisaraiculated a mean value NM indicative of a mean of the brightness
difference values which belong to the sample points, respectively, on the kth sample
line and each of which is smaller than the first negative threshold level TH3.
The step P4C leads to the step P4D in which a judgment is made upon whether
20  the mean value PM exceeds the second positive threshold level TH2 or not. If the
answer in the step P4D is in the affirmative » YES~, the step P4D leads to the step P4F.
If the answer in the step P4D is in the negative *NO~, the step P4D leads to the step
P4E in which a judgment is made upon whether the mean value NM is smaller than the
second negative threshold level TH4 or not. If the answer in the step PAE is in the
25  affirmative “YES~, the step PAE leads to the step PAF in which the kth sample line is
detected as the difference sample line. If the answer in the step P4E is in the negative
*NO~, the step P4E leads to the step P4H in which k is replaced with k+1. By virtue of
the steps P4G and P4H, the steps P4A through P4F are repeated until k is equal to K.
The repetition of the steps P4A through P4F has the effect of detecting all of the
30 difference sample lines included in one traffic lane within the measurement area.
. The first positive threshold levels TH1 and TH2 may be determined in the
step P4A as described below. The first and second positive threshold levels TH1 and
TH2 used for judging each of the sample lines may become smaller as an actual route
distance from the video camera to a location on the road corfesponding to a position of
35  each of the sample lines in the image becomes larger. Reversely, the first and second
negative threshold levels TH3 and TH4 used for judging each of the sample lines may
become larger as the actual route distance from the video camera to the location on the
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reduced. W]e{]s spaée alim&i?férent Sted’, tth Sobe Sblf)glea%rs to calculate the spatial differentiation
10  values belonging to the sample points, respectively. In the step PSb, a positive

threshold level TH1, a negative threshold level TH2 and a positive integer threshold

‘level TH3 are determined in accordance with an actual route distance from the video

camera to a location on the road corresponding to a position of the kth sample line.
The step P5b is followed by the step P5c in which a judgment is made upon

15 whether the spatial differentiation value of the mth sample point on the kth sample line
exceeds the positive threshold level TH1 or not. If the answer in the step PSc is in the
affirmative “YES~, the step P5c leads to the step P5e. If the answer in the step P5c is
in the negative “NO~, the step P5c leads to the step P5d. In the step P5d, a judgment is
made upon whether the spatial differentiation value of the mth sample point on the kth

20  sample line is smaller than the negative threshold level TH2 or not. If the answer in the
step P5d is in the affirmative ~YES~, the step P5d leads to the step PSe. If the answer
in the step P5d is in the negative "NQ~, the step P5d leads to the step P5g.

The step P5c or P5d leads to the step PSe in which a flag relevant to the mth
sample point on the kth sample line is set to “ON~ condition and, subsequently, the

25 control proceeds to the step P5f. By virtue of the steps P5f and P5g, the steps PSc
through P5e are repeated until m is equal to M. The repetition of the steps P5c through
P5e has the effect of judging whether the spatial differentiation values of all of the
sample points on the kth sample line are larger than the positive threshold level TH1 or
not and smaller than the negative threshold level TH2 or not.

30 When the step P5f leads to the step P5h, a judgment is made upon whether the
number of the flags set to *ON~ condition exceeds the positive integer threshold level
THS3. If the answer in the step P5h is in the affirmative “YES~, the step P5h leads to
step P5i in which the kth sample line is detected as the edge sample line. If the answer
in the step P5h is in the negative "NO7, the step P5h leads to the step P5k in which m

35 isreplaced with 1~ and ks replaced with k+1. By virtue of the steps P5j and PSk, the
steps P5b through P5i are repeated until k is equal to K. The repetition of the steps p5b
through p5i has the effect of detecting all of the edge sample lines included in one
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sanpl e Ionger, i.e., as a difference in brightness between the adjoining sample points on each
of the sample lines becomes smaller. Reversely, the positive integer threshold value
TH3 may become larger as the actual route distance from the video camera to the
location on the road corresponding to the position of each of the sample lines becomes

20  smaller, i.e., as the difference in brightness between the adjoining sample points on the
sample line becomes larger. By determining the positive integer threshold level TH3 in
this way, the edge sample lines in any position can be detected on an accuracy level
with one another. .

A second example of the process of detecting the edge sample lines performed

25  in the step P5 shown in Fig. 22 will be described in detail hereinlater with reference to
Fig. 28 showing a flowchart formed by the steps: PSA through PSL

In the step PSA, the difference image calculated in the step P2 shown in Fig.
22 is spatially differentiated with Sobel operators to calculate the spatial differentiation
values belonging to the sample points, respectively.

30 In the step P5B, first and second positive threshold levels TH1 and TH2 and
first and second negative threshold levels TH3 and TH4 are determined in accordance
with an actual route distance from the video camera to a location on the road
corresponding to a position of the kth sample line in the image. Note that
THA<TH3<0<TH1<TH2. The reason why both of the positive threshold levels and

35 the negative threshold levels are required to be thus prepared is described as follows.
There is a possibility that part of the spatial differentiation values of the sample points
on each of the sample lines assume positive levels and the remains of the spatial
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criterion bright negshi BREPSE2%s Pculated a mean value PM indicative of a mean of the

10  spatial differentiation values which belong to the sample points, respectively, on the
kth sample line and each of which exceeds the first positive threshold level TH1. In the
step P5D, is calculated a mean value NM indicative of a mean of the spatial
differentiation values which belong to the sample points on the kth sample line and
each of which is smaller than the first negative threshold level TH3.

15 The step P5D leads to the step PSE in which a judgment is made upon whether
the mean value PM exceeds the second threshold level TH2 or not. If the answer in the
step P5E is in the affirmative »YES 7, the step PSE leads to the step P5G. If the answer
in the step PSE is in the negative *"NO~, the step PSE leads to the step PSF in which a
judgment is made upon whether the mean value NM is smaller than the second

20  negative threshold level TH4 or not. If the answer in the step PSF is in the affirmative

- “YES~, the step P5F leads to the step P5G in which the kth sample line is detected as
the difference sample line. If the answer in the step P5SF is in the negative *NO~, the
step PSF leads to the step P51 in which k is replaced with k+1. By virtue of the steps
PSH and PSI, the steps P5SB through P5G are repeated until k is equal to K. The

25  repetition of the steps P5B thfough P5G has the effect of detecting all of the edge
sample lines included in one traffic lane within the measurement area.

In the step P5B, the first and second positive threshold levels TH1 and TH2
may be determined as described below. The first and second positive threshold levels
TH1 and TH2 used for judging each of the sample lines may become smaller as an

30 actual route distance from the video camera to a location on the road corresponding to
a position of each of the sample lines becomes larger. Reversely, the first and second
negative threshold levels TH3 and TH4 used for judging each of the sample lines may
become larger as the actual route distance from the video camera to the location on the

{

road corresponding to the position of each of the sample lines becomes larger. If the

35  threshold levels TH1 to TH4 are determined in accordance with the foregoing actual
route distance from the video camera, the edge sample lines in ény position can be
detected on an accuracy level with one another. ‘
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a possi bi | i thodyhabe toagectehi cle is present is increased in proportion
as the variation 'H tﬂé k&{)%ﬁ? 3 tﬂr@sﬂo’fﬁzfe@asfﬁl i '&e{eﬂhﬁled in accordance with an
15  actual route distance from the video camera to locations on the road respectively
corresponding to positions of the kth and (k+1)th presence sample lines. In the step
P7b, the sample lines between the kth and (k+1)th presence sample lines are counted.
The step P7b is followed by the step P7c in which a determination is made
upon whether the counted number of the sample lines is smaller than the threshold level
20 TH1 or not. If the answer in the step P7c is in the affirmative *YES~, the step P7c
leads to the step P7d in which the sample lines between the kth and (k+1)th presence
sample lines are detected as the presence sample lines and added to the previously

detected the presence sample lines. If the answer in the step P7c is in the negative

“NO~, the step P7c leads to the step P7f in which k is replaced with k+1. By virtue of

25  the steps P7e and P7f, the steps P7a through P7d are repeated until k is equal to K. The

repetition of the steps P7a through P7d has the effect of correcting all of the presence

sample lines which are included in one of the traffic lanes on the basis of the
arrangement of the presence sample lines detected in the step P6 shown in FIG. 22.

If the presence sample lines detected in the step P6 are positioned as shown in

30  Fig. 30(a), the number of the sample lines between the kth and (k+1)th presence sample

lines is as follows. Between the first presence sample line or the uppermost presence

sample line in Fig. 30(a) and the second presence sample line, there, and between the

second and third presence sample lines, there is no sample line. Between the third and

fourth presence sample lines, there are two sample lines in a range L1. Between the

35 fourth and fifth presence sample lines, there is no sample line. Between the fifth and

sixth presence sample lines, there are five sample lines in a range L2. Between the sixth

. and seventh presence sample lines, there are seven sample lines. Between the seventh
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Each of the line groups contains a series of presencé sample lines and never idclude
other types of sample lines. In the step P7h, the threshold level TH2 utilized for judging
each of the line groups is determined in accordance with an actual route distance from
the video camera to a location on the road corresponding to a position of each of the line
groups. In the step P7i, the presence sample lines contained in the rth line group are
counted.

The step P71 leads to the step P7j in which a judgment is made upon whether
the counted number of the presence sample lines is smaller than the threshold level TH2
or not. If the answer in the step P7j is in the affirmative “YES~, the step P7j leads to
the step P7k in which all of the presence sample lines contained in the rth line group are
eliminated. If the answer in the step P7j is in the negative *NO~, the step P7j leads to
the step P7m in which r is replaced with r+1. By virtue of the steps P71 and P7m, the
steps P7g through P7k are repeated until r is equal to R. Note that R is the total number
of the line groups contained in one of the traffic lanes within the measurement area.
The repetition of the steps P7g through P7k has the effect of further correcting all of the
presence sample lines included in one of the traffic lanes on the basis of the
arrangement of the presence sample lines corrected in the step P7d.

If the presence sample lines detected after the step P7d are positioned as shown
in Fig. 30(b), the number of the presence sample lines of the rth line group is as follows.
In the first line group denoted by L4, there are seven presence sample lines. In the
second line group denoted by LS5, there is one presence sample line. In the third line
group denoted by L6, there are three presence sample lines. When, therefore, the
threshold level TH2 is determined to be equal to 3 and constant, the presence sample
lines of the second line group denoted by L5 are canceled as shown in Figs. 30(b) and
30(c) .
The threshold levels TH1 and TH2 determined in the steps P7a and P7h may
be equal to the number of the sample lines corresponding to quarter of the length of an
average vehicle represented in the image. As a result, the threshold levels TH1 and
TH2 for judging each of the line groups may become smaller as an actual route distance
from the video camera to a location on the road corresponding to a position of each of
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Fig. 22, will be described in detail hereinafter with reference to Fig. 31 showing a
16  flowchart formed by steps P8a through P8i. The correction process based on the
arrangement of the difference sample lines is intended to eliminating the presence

ol

sample lines which are detected by mistaking shadows of the vehicles and buildings for
the vehicles. More specifically, the difference sample lines are simply detected
depending upon a difference in brightness between the sample point image taken at the
20 time t, and the criterion brightness image, so that image areas representing the shadows
of the vehicles and the shadows of the buildings suddenly produced due to a sharp
variation of sunlight are liable to be detected as the presence sample lines. For this
reason, the presence sample lines mistakenly detected owing to the shadows of the
vehicles and buildings are required to be corrected on the basis of the arrangement of
25  the difference sample lines.

In the step P8a, are detected line groups each formed by a series of difference
sample lines and including no edge sample line. The reason why the line groups
including no edge sample line are required to be detected is described below. In
general, edges in the image areas representing shadows can be scarcely detected. In

30 addition, brightness levels of the sample points positioned in the image areas
representing shadows are relatively small. As a result, no edge sample line is usually
detected in the image areas representing shadows. This means that the image area
including edge sample lines may be thought to represent no shadow. In the step P8b,
the threshold levels TH1 and TH2 used for judging the kth line group are determined

35 depending upon an actual route distance from the video camera to a location on the
road corresponding to a position of the kth line group. In the step P8c, the difference
sample lines contained in kth line group are counted.
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- 23 - leads to 8i in which k is replaced with k+1.

The step P8e leads to the step P8f in which a judgment is made upon whether
10  the mean value BM is smaller than the threshold level TH2. If the answer in the step
P8f is in the affirmative “YES~, the step P8f leads to the step P8g in which the
presence sample lines corresponding in position to the difference sample lines,
respectively, contained in the kth line group are eliminated. If the answer in the step
P8f is in the negative "NO~, the step P8f leads to the step P8i in which k is replaced
15  with k+1. By virtue of the steps P8h and P8i, the steps P8b through P8g are repeated
until k is equal to K. The repetition of the steps P8b through P8i has the effect of
correcting all of the presence sample lines contained in one of the traffic lanes within

the measurement area, on the basis of the arrangement of the difference sample lines.
The threshold level TH1 determined in the step P8b may be equal to the
20 number of the sample lines corresponding to quarter of the length of an average vehicle
represented in the image. As a result, the threshold level TH1 for judging each of the
line groups may become smaller as an actual route distance from the video camera to a
location on the road corresponding to a position of each of the line groups in the image
becomes larger. The reason is that the vehicle represented in the image becomes
25  smaller as an actual route distance from the video camera to the vehicle becomes larger.
While, the threshold level TH1 may become larger as the actual route distance from the
video camera to the location on the road corresponding to the position of each of the
line groups in the image becomes smaller. The reason is that the vehicle represented in
the image becomes larger as the actual route distance from the video camera to the
30  vehicle becomes smaller. The threshold level TH2 in the step P8b may be determined
as follows. The threshold level TH2 used for judging the kth line group may become
smaller as the actual route distance from the video camera to the location on the road
corresponding to the position of each of the line groups in the image becomes larger.
The reason why the threshold level TH2 may be thus determined is that the image area
35 representing an actual area remote from the video camera grows dimmer in comparison
with that near to the video camera and, accordingly, that a difference in brightness
between the vehicles and the background is decreased. If the threshold levels TH1 and
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the step S3b, esarrp ol.nt .1 mages a fromthe i mges
taken at 1%i rres t [ edh¢ stepdPpjis followpd by dhe EtéP PPHF%Wh}Ch % indgpentsis apade yipon; s
cal cul at ed awhethei the countedl hirdbezrufethe Mpemean sanplelipoiits esceeds thecthfesksldnce
in brightnes fevléﬁi‘i‘-ﬁe& ntoP.e]frﬁlQ afls@yeg f the step P9d is in the affirmative “YES~, the step
P9d leads to the step P9e in which the kth sample line is detected as the movement
sample line. If the answer in the step P9d is in the negative *"NO~, the step P9d leads to
20 the step P9g in which k is replaced with k+1. The steps P9f and P9g cause the steps
P9b through P9e to be repeated until k is equal to K. The repetition of the steps P9b
through P9e has the effect of detectmg all of the movement sample lines contained in
one of the traffic lanes within the measurement area.
The threshold level TH1 in the step P9b may be determined as follows. The
25  threshold level TH1 for judging each of the sample lines may become smaller as an
actual route distance from the video camera to a location on the road corresponding to .
a position of each of the sample lines becomes larger. If the threshold level TH1 is thus
varied in accordance with the position of each sample line, the movement sample lines
in any position can be detected on an accurate level with one another independently of
30 the actual route distance from the video camera to the location on the road
corresponding to the position of each of the sample lines.
An example of the process of correcting the presence sample lines performed
in the step P10 shown in Fig. 22 in accordance with the arrangement of the movement
sample lines will be described in detail hereinafter with reference to Fig. 33 showing a
35  flowchart formed by steps P10a through P10g. The correction process based on the
arrangement of the movement sample lines is performed with the intention of
compensating the presence sample lines which are omitted in the steps P7a through P7f
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movement sample lines.

10 In the step P10a, threshold levels TH1 and TH2 for judging the kth and
(k+1)th presence sample lines are determined depending upon at least one of two actual
route distances, one of the two actual route distances being from the video camerato a
location on the road corresponding to a position of the kth presence sample line in the
image, and the other of the two actual route distances being from the video camera to a

15  location on the road corresponding to a position of the (k+1)th presence sample line in
the image. Note that TH1<TH2 and that the threshold level TH1 in the step P10a may
be equal to that in step P7a shown in Fig. 29. If both the threshold levels TH1 are equal
to each other, an object of the compensation through steps P10a to P10g can be limited
to the omitted presence sample lines which cannot be compensated through the steps

20 P7a to P7f, thereby making it posSible to prevent useless correction processes from
being performed and prevent essential correction processes from being omitted.

In the step P10b, are counted the sample lines between the kth and (k+1)th
presence sample lines. In the step P10c, a judgment is made upon whether the counted
number of the sample lines is equal to or larger than the threshold level TH1 or not and

25  smaller than the threshold level TH2 or not. If the answer in the step P10c is in the
affirmative “YES”, the step P10c leads to the step P10d. If the answer in the step P10c
is in the negative “NO~, the step P10c leads to the step P10g.

. The step P10c leads to the step P10d in which a judgment is made upon
whether there is at least one movement sample line between the kth and (k+1)th

30 presence sample lines or not. If the answer in the step P10d is in the affirmative
"YES~, the step P10d leads to the step P10e. In the step P10e, the sample lines
interposed between the kth and (k+1)th presence sample lines and comprising the
movement sample line are newly detected as the presence sample lines and added to the
previously detected presence sample lines. If the answer in the step P10d is in the

35 negative "NO~, the step P10d leads to the step P10g in which k is replaced with k+1.
By virtue of the steps P10f and P10g, the steps P10a through P10Qe are repeated until k
is equal to K. The repetition of the steps P10a through P10e has the effect of correcting
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abstractive i mage zones and three second feature abstractive i nage zones
are calculated. In the step S3j, all of the first feature abstractive
I mage zones are conbi ned to forma first feature abstractive inmage.

Li kewi se, in the step S3k, all of the seggnd feature abstractive inmage
zones are conbined to forn1a second feature abstractive 5 I mage.
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g 15 is deternn to be equal to 3 anr? be constant and threshold level TH2 is determined to
be equal to 5 and be constant, the sample lines in the range L7 are newly detected as the
presence sample lines as shown in Figs. 34(a) and 34(b).
In the step P10a, the threshold levels TH1 and TH2 may be determined to be

equal to the number of the sample lines corresponding to a quarter and a half,

20 respectively, of the length of an average vehicle represented in the image. As a result,
the threshold levels TH1 and TH2 used for judging the sample lines between the kth
and (k+1)th presence sample lines may become smaller as an actual route distance from
the video camera to a location on the road corresponding to a position of the kth or
(k+1)th of the presence sample line becomes larger. The reason is that the vehicle

25  represented in the image becomes smaller as an actual route distance from the video
camera to the vehicle becomes larger. While, the threshold levels TH1 and TH2 may
become larger as the actual route distance from the video camera to the location on the
road corresponding to the position of the kth or (k+1)th of the presence sample line
becomes smaller. The reason is that the vehicle represented in the image becomes

30 larger as the actual route distance from the video camera to the vehicle becomes
smaller. If the threshold levels TH1 and TH2 are determined in this way, the omitted
presence sample lines can be newly detected on an accuracy level with one another
independently of the actual route distance from the video camera.

Fig. 35 shows the mesh sections into which the measurement area divided in

35 the step P11 shown in Fig. 22. Each of the mesh sections may become larger in
longitudinal length as an actual route distance from the video camera to a location on
the road corresponding to a position of each of the mesh sections in the image becomes
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correspondi ng to D(m)=PSL(m)/ TSL(m) o (vi) - 25 -

10  wherein D(m) is a spatial density of the mth mesh section, PSL is the number of the
presence sample lines included in the mth mesh section, TSL(m) is the total number of
the sample lines contained in the mth mesh section. If the presence sample lines are
positioned as shown in Fig. 35, the spatial density of each of the mesh sections are as

. follows. The spatial density of the mesh section denoted by M1 is 33%, the spatial

15  densities of the mesh sections respectively denoted by M2, M3 and M4 are 100%, the
spatial density of the mesh section denoted by M5 is 75%, the spatial density of the
mesh section denoted by M6 is 0% and the spatial density of the mesh section denoted
by M7 is 80%.

In the step P13 shown in Fig. 22, the ratio of the large-sized vehicles to all of

20 the vehicles is calculated in a manner described below.

By the following equation, is firstly calculated a ratio Rt of the large-sized
vehicles to all of the vehicles which are lying in the traffic flow measurement area F
shown in Fig. 21 for a predetermined time such as 5 or 10 minutes.

25 Rt= NL /NT . (Vli)

wherein Ny, is the number of the large-sized vehicles passing over the sense line DL

shown in Fig. 21, and Ny is the number of all of the vehicles passing over the sense line

DL. In the traffic flow measurement area F shown in Fig. 21, not only the number of

30  vehicles passing over the are F is detected but also the vehicles passing over the area F

are judged to be large-sized or average-sized. - The ratio Rt is calculated depending
upon the results of the detection and the judgment.

In the step P14 shown in Fig. 22, the inter vehicle gaps of the vehicles are

calculated as follows. The inter vehicle gaps of the vehicles can be scarcely measured

35  directly depending upon the image information from the video camera. For this reason,

in practice the velocities of the vehicles or the number of the passing vehicles per

predetermined time are substituted for the inter vehicle gaps because of the fact that the
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bl ocks s lhsownoﬁ+< %n@ﬁg Eés@%?iv@ﬂ:f which (#%&ﬁ?lﬁﬁt%&] b¥ te&ﬂtrongagfhé& asfOffowd

ha = Rt x h;, + (1-Rt) X hg ... (viii)

la=Rtxl, +(1-Rt) xlg ... (ix)

wherein hy, is the height of the large-sized vehicle, hg is the height of the average-sized
20 vehicle, by, is the length of the large-sized vehicle, and lg is the length of the average-
sized vehicle.
As shown in Fig. 36, the vehicle represented by the hatched area makes a
hiding area Ih defined by the following equation.

25 Th =ha x L / (H-ha) . (X)

wherein H is a height from a road surface to the video camera and L is a distance from
the video camera to the forward end of the large-sized vehicle.
By the following equation with lh and la, is calculated a correction coefficient
30 Re which are used for correcting the seeming vehicle presence space to the actual
vehicle presence space. -

Re =1la/ (latlh) .. (xi)
35 The number, the types such as large-sized type and average-sized type, and the

lengths of the passing’vehicles can be measured in the traffic flow measurement area F
--shown in Fig. 21 as described hereinbefore. Based on the results of the measurement in
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colums of three sanple points. The novenent sanple points are denoted by
“lerr]" and the sanpl e points except the novenment sanple points are
denoted by "Q'. The 25 ratio of the m)vement s o) of the
sanpl e points contained in each of the ,léds Fa.&‘ sﬁ%ﬂ] in Fig.
14 is 60% In this case, the threshold’l el THj usedic ‘J‘-Por j ublgi ng the
candi date bl ock is 55% As shown in Fig. 14, the novenent sanple

'n the S?Slﬁ‘ﬁaﬁa‘*@@é’%&%@"ﬁ%ﬁ%ﬁ B B Raop L “S@? e

the total 302ddifign,&he earrectian sogficientRe @%&M@my rsprr?%@g

?a{‘f" dat eEbI me:ks&ren@éiﬁh réshg né ?rt of ki bﬁﬂchlé@u&begfﬂreﬁmhbﬁd&e?llﬁfhpmdhas

(0] OWS. ach e _candai e |

size to an a W B Re 'é“l’rg%ght%cfﬂg#aﬁceﬂ? méalé ?e%:?ema% lys%%g Mgl y,

roughly isndi bagth\né each individual Nﬁlnele@ﬂn be direeshy mmurqd ﬂmmmnecqsﬁimnts mage.

I'n the farawgyy bg@ﬂguﬁ&ﬁ%lc&@ﬁmﬂagﬂ%hkgthe actual area renote fromthe
vi deo 35 camera .candi |1 er because .of fhe fact

that the vehicle i ter vehi g‘@@&%@"’%‘f"& argen GHOTeEth Q“ti & zone
cor respondi nige tisedt dveit ds.t G lhowveee, thesinter vehicleogdpieary irelatively smanl, i.¢.hif the

candi date bl oGk 1@ &Bﬁ&twfngtﬁé nggfeatﬂl?&l &I the Vdeoameld 'Rb o%ﬁappmg with one

10  another, the correction coefficient Re calculated by the equation (xi) is required to be
increased. Specifically, the correction coefficient Re may be set more approximately to
the value calculated by the equation (xi) as the inter vehicle gaps become larger. In
addition, the correction coefficient Re may be set more approximately to *1~ as the
inter vehicle gaps become smaller.

15 In the spatial measurement area E, the traffic congestion measuring unit
cannot derive traffic data from sensing devices except the video camera. If, therefore,
the inter vehicle gaps are relatively small, i.e., if the vehicles represented in the image
taken by the video camera are overlapping with one another, the traffic congestion
measuring unit cannot detect the inter vehicle gaps. For this reason, other measurement

20 values varied in proportion to the inter vehicle gaps may be substituted for the inter
vehicle gaps. The other measurement values include, for example, the following spatial
velocities and the number of the passing vehicles per predetermined time detected in
the traffic flow measurement area F. Specifically, the correction coefficient Re may be
set more approximately to the value calculated by the equation (xi) as the spatial

25  velocity becomes larger. As the spatial velocity becomes smaller, the coefficient Re
may be set more approximately to ~17. On the other hand, the correction coefficient
Re may be set more approximately to the value calculated by the equation (xi) as the
number of the passing vehicles becomes smaller. As the number of the passing vehicles
becomes larger, the correction coefficient Re may be set more approximately to 1.

30 In the step P15 shown in Fig. 22, the spatial density is corrected by multiplying
the spatial density of each mesh section by the correction coefficient Re calculated and
corrected in the foregoing manner.

The process of calculating the spatial velocities performed by the traffic
congestion measuring units 82 and 84 will be summarily described with reference to

35  Fig. 37 showing a flowchart formed by steps Q1 through Q15.

In the step Ql, the sample point images are formed from two images
respectively taken at time t, and time t,+y. In the step Q2, is calculated, line brightness
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~ 26 - vehi cl e i mage becones larger. In the nmeantine, the threshold

l.evel TH1l used for judgi ng the candi date bl ocks in the faraway i mage
zone renote fromthe video canera i s decreaged bc\,,mi_a? @FEQ fact
that a difference in brightness between _t adj o} TiSgSHEE HA rgq el enents

in the candidate block is small. Conversely, thelthrestfl&CEbvel THL 5
used for judging the candi date blocks in the nei ghtborthg | nage zone near to

the video  mefrAfied ehéh indicdaBdS6fh mbhn bf'Be BrigRmeds 1bWids SRS bAAYIS pbindCdn and
the threshold | ev TH1 etermned, the novenent blocks in -

| re t hus
the whol e i mefJeR € Weﬁema@tlm&fwh Wﬂﬂ%mm“m%gfrre accuracy i ndependentl|y
of an actual rout e Idith¢ stepaQahvwearent kemple dines asndetectedh from the samplecpdinbn on

t he road corr, ' | by . (e=TaTe Moo} :10
In the step égﬁgg@ eggﬁtgev\gﬁ%?% g%g%ﬁ%eﬁggfg?fg%ﬁé]ﬁlg pr esenggafgglrgrpq@s l%i nts
excl uded fr orshewe bothenferrgoingotinucharteshosmein Big- 43, sthat dhe) description ofthe
points. Fig. detectiodPprodesyill BY opfited hereiowith ¢he inténtivhOsTadidiig GRl RpédtaDd t he
congesti on sg&gl e points. The presence sanple points are denoted by
"[err]", th %&8‘85‘??&3 except the presence sanpl e points are
denoted by "O' and Ihie stepQésire detectediqs postmonemerd sample tines; thelsample lifesin ] " .
The process ' (TIE i Qh{eﬁgﬁﬁ' :
shown [ %E?gﬁéj%g&éescr@g&%ﬁhﬁg%wﬁ@f gﬁlﬁ_at r 'Wlé’tgkll§ %}@fe gl%gg%%@t o]
Fig. 16 stowitespestively wansferred from the impagejtakem at dhefmedsy Innths sigp Q3 are
: n thedst ep ﬁﬁ&:;éﬁe&%@it}fﬁsidgﬁhﬁ fovemBY fanpls lifnéd ort lchetllm_isswm_ hieh [ple lﬁbst—_'

ocated at the op left-hand gorper o nple point image. It is
assumned t hat ‘8%%‘?%‘&? %IF&‘,‘% resPe&l‘W&’S?‘i“%?é}%%t%g detected as the
congestion bl ocks dndhe step Qfytheasanple pint image taken atghe fime ¢, is divided intoa

' plurality of mesh sections. In the step Q7, is calculated, mean velocities each indicative

15  of a mean of the velocities of the movement sample lines included in each of the mesh
section. In the step Q8, is calculated a ratio of the movement sample lines to all of the
sample lines contained in the kth mesh section. At this time, objects of the ratio
calculations are not all of the movement sample lines but only the movement sample
lines on the basis of which the post-movement sample lines, respectively, can be

20  detected.

The step Q8 is followed by the step Q9 in which a judgment is made upon
whether the calculated ratio of the movement sample lines included in the kth mesh
section is larger than a predetermined threshold level or not. If the answer in the step
QO is in the affirmative “YES”, the step Q9 leads to the step Q10 in which the mean

25 velocity of the movement sample lines included in the kth mesh section is detected as
the spatial velocity in the kth mesh section. If the answer in the step P9 is in the
negative “NO~, the step Q9 leads to the step Q11 in which the spatial velocity in the
kth mesh section is set to Okm/h.

‘When the step Q9 leads to the step Q12, the spatial velocity in the kth mesh

30 section is smoothed through exponential smoothing techniques. By vittue of the steps
Q13 and Q14, the steps Q7 through Q12 are repeated until k is equal to K. The
repetition of the steps Q7 through Q12 has the effect of calculating the spatial velocities
of all of the mesh sections in the sample point image taken at the time t,.

The steps Q1 through Q15 are repeated at regular intervals. Fig. 38 summarily

35 shows relationships between the results of the detection and the calculation in the steps
Q1 through Q15.

A first example of the process of detecting the post-movement sample lines
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f.form'ng the sanple point imge and formed by a plurality of sanple points

adj acent to one anot her and arranged in the formof a_matrix array. In
the step S6b, the size of each of the ca thk—qg{geam a threshol d
| evel TH1 utilized forjudging the sanple 0| n’t-‘af =1, gaeh tthe
candi date bl ocks are determ ned in accor ance vmm.,an. acLu te

di stance fromthe video camera to a location on the road corresponding to a
position of perfornRAGH thY stéf©4GRHWH SR FR. BY Afli be descnbedmdetml heﬂeﬁﬂitbﬁwﬁhep _
S6c, is cal culfat ed a atlohof theﬂco es i on 6 ntF QR g)a(t) | uded in
the candi dat EFfEfERRaLoFig- 39 shgyingp.flaw ofBed Py steRi R toush same

candi dat e bl ock. 3 thbltepI@asapmsﬁ&dxve@opmMthmnndmsapmﬁepmmtihmget he
ratio of the, gﬂ@

t he candi dat e&g€@8| S Ig Ger%cﬁlated(ﬁgél?j %{;Igmﬁhéflevems’ﬁ? e@%l%ﬁ ned
in the step Sbiekitymoyrmentsamyle fin samaple peigt image taken at the fimertet Thedkth
"YES', the Sh@l@eﬁ&ﬁ shfplistideds em;c@ae@b&&mfmmm mm@wpblﬂm@ btarek i s

detected as ngestion block, |f th ans he .st.ep S |S|n
Che eant fyeathpsimetty id HEpro@ictie oS mokemelt Y He falipld il il
virtue of thet the ¢ipe G6¥. Imﬂlesap Q4thds saleqdatesﬁd)sbhte)bmhme differenceprahtes d

gnt i)lne sa JI gﬂﬂnﬁﬁféu*?@%’f b fbolite vdlle bPe ARBLhAPHELALMAES GetwenCile nd " OW
Y rrp movement sample line in the sample point image taken at the time t, and each of the

sample lines contained in the prospective post-movement area in the sample point
image taken at the time tnty.

The step Q4b is followed by the step Q4c in which a judgment is made upon
whether the smallest one of the absolute brightness difference values is smaller than a

15  predetermined threshold level or not. If the answer in the step Q4c is in the affirmative
“YES", the step Q4c leads to the step Q4d in which the sample line in the prospective
post-movement area taking part in a production of the smallest absolute brightness
difference value is detected as the post-movement sample line to which the kth
movement sample line is expected to be transferred. If the answer in the step Q4d is in

20 the negative *NO~, the step Q4d leads to the step Q4e in which a decision that there is
no post-movement sample point to which the kth movement sample line is expected to
be transferred is made. By virtue of the steps Q4f and Q4g following the steps Q4d and
Qde, the steps Q4a through Q4e are repeated until k is equal to K. The repetition of the
steps Q4a through Q4e has the effect of making judgments whether or not there is a

25  post-movement sample line to which each of all the movement sample lines is expected
to be transferred and detecting the position of the post-movement sample line.

A second example of the process of detecting the post-movement sample lines
performed in the step Q4 shown in Fig. 37 will be described in detail hereinlater with
reference to Fig. 40 showing a flowchart formed by steps Q4A through Q4M.

30 In the step Q4A, a first prospective post-movement area in the sample point
image taken at the time ¢,+y is calculated depending upon the time interval y and the
position of the kth movement 'sample line in the sample point image taken at the time €,
The kth movement sample line is expected to be transferred from the sample point
image taken at the time t, into the first prospective post-movement area in the sample -

35  point image taken at the time t,+y. In the step Q4B, second and third prospective
post-movement areas are determined. The second prospective post-movement area
partially forms the sample point image taken at the time t+y and is deviated upstream
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-~ 27 - pitch are congestion blocks or not are finished.
The step S6f is followed by the step S6h in which the cal cul ation start

point is shifted to the left S|de endlnt hge. By
virtue of the steps S6i and S6j, 4steps @‘K df@ﬁ%ﬁ%ﬁ? e
repeated. In the other hand, the cal cuI atlon poilnt is PfLe.d_J o a |l ower
side of the sanple point image (the downstream side toward which t he
vehi cl esdr Unpy bx'tibhf‘i WEpitkRlfRsTh tHRGrBY (26 uf'%(\):-hﬁvéﬁ&?' eI‘Hé'tH?df écﬁ@@?hl n
a row an e process is I S sults iin e ac e
udgnent's whEeSEvEEn t&reatwmfffgme%tﬁa sashie poie ERagedrkeak e cric et
congest i on bedided downsiteanr feom dipecfitseprospéctior postithevement anemhgs oné hm ph;h

making 1t Possi bl ep ek elacsd oRbunlif £PROB RighloBh Sty Uathel U1 e

10 sanple point ima exarrp t wo

det ect ed Tonipdigatiyeo glute valumi@rdlﬁp@nmm/qnghﬂ@atwtww@%e khrapvesment e
congest i on béﬁﬁ?_é 1i%B Gi{fhé &r@l@%oﬂl? ﬂnﬁgé fkaRdt the ums!,, myexecmtwm@whné hree

S her s ant e oned e bt ptorpR AR portRo ke Blea It eisamole ppintjmagt et o 2"

15 In this maheuntertght.hreshol d l'evel THL used for judging the congestlon
bl ocks is 45% bR G, U chibafed" P Sbdoile SRR HERIHR vafl 0B { N

sanpl e points cont al ne cks shovvn I'n Fig.
17 is 4788 Aindigatiye of an absylutwaluser@ acdiffgrenes ahbnghtness betyreen Shg sanaple Jige uded

fromthe conm&mmlwhqamt @cs Qn& Ipbﬁusﬁéde&l aﬁe ISt s1de of the kth movenhéht t he
step S6b, the si.z candi h{cks | t he .t ot al unber

of 5o the. Smns Tsiin 8 Shshhie iy SRR LB f i e gy Shile Rag 11 1o
t hreshol d | eingluded in thé{seqonyd prespeetiver posl:—mbvamentoaﬂe@m theEam:hplofpoumenmage

candi dat e bl &j&gﬁaﬁﬁ¥tilaﬁwa antially
15 In the step Q4E, is calculated an absolute brightness difference value U3
indicative of an absolute value of a difference in brightness between the sample line
immediately adjacent to and positioned on the downstream side of the kth movement

sample line in the sample point image taken at the time t, and the mth sample line
included in the third prospective post-movement area in the sample point image taken
20 atthe time t,+y.
In the step Q4F, the absolute brightness difference values U1, U2 and U3 are
added to calculate a sum U,. Owing to the steps Q4G and Q4H, the steps Q4C through
QA4F are repeated until m is equal to M. The repetition of the steps Q4C through Q4F
has the effect of calculating all of the absolute brightness difference values U1 resulting
25 from the movement sample line and all of the sample lines contained in the first
prospective post-movement area, all of the absolute brightness difference values U2
resulting from the sample line upstream adjoining the movement sample line and all of
the sample lines contained in the second prospective post-movement area, and all of the
absolute brightness difference values U3 resulting from the sample line downstream
30 adjoining the movement sample line and all of the sample lines contained in the third
prospective post-movement area. The repetition further has the effect of calculating all -
. of the sums each indicative of a sum of each absolute brightness difference value Ul,
U2 and U3.
In the step Q4I, a judgment is made upon whether the smallest one of the sums
35 Uy is smaller than a predetermined threshold level or not. If the answer in the step Q41
is in the affirmative “ YES ”, the step Q41 leads to the step Q47 in which the mth sample
line in the first prospective post-movement area taking part in a production of the
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equal* in size to an average vehicle represented in the i nage and,

accordi ngly, roughly I ndi cative of the outline of one vehicle in the
sanpl e point inage. In the faraway inage Vire) to the
actual area renote fromthe video carrer_a55t_he caﬂﬂﬁoﬂ#evg,%ygfz@gb becones
smal | er because of the fact that the vehicle inage b8& Dmiidr. In

t he nei ghboring i mage zone corresponding to the actual area near to the

vi deo caner asmallest skieU aildleﬁb%tdd & ﬂﬁ:kp&elﬁﬁi%ﬁlehﬁﬁﬁﬂple eeawswhich thBdkth act
that the vehicle E

t.he hol d
el Trn ol RnrsgR e smesiod B B¥fsrakR. TP e RN e QISR 10
zone renote thecmgathe W@édheammliﬁgdﬂwdheasaﬁl%@m& ddecisien that thereds t hat
a di fferencenbgaﬂe@egaﬁgeﬁﬁtéaqm iBRedfib tp bféxﬂgn?s @%ﬂmmmé he

candi dat e_ bl oc nversely, esho ve ed for
j udgi ng the cgmﬂrﬂ’&tqf%ﬁ Iﬁ“{dr@ﬁ\‘; HES"B?Qa tﬁW&é@ Frosted o ¢ he

;“h deohciagelr auntil k RequabedC. The repehubﬂefshezseepszzmmmagMQdm Jeaslthe effect o E Ee
whol o 1 mage SaFeE e nt Bt ap e el Aiote it i che P BS L BRadt BTG, ' 00
actual rout etydigoarhich the mavementrampleline io shesampiepoiat lmagatak@n abihe tlme tat he

road corresp%@kng&té@toqr&gﬁhg&on of each of the candidate bl ocks
The process of urin e state of t%fflc congestlon J 4e teﬁ S7
shown one ovement sample line MVd is positioned as shown in l(g) rst

post-movement area PAl into which the movement sample line is expected to be
transferred positions as shown in Fig. 41(b). At the same time, second and third post-
movement areas PA2 and PA3 are positioned as shown in Fig. 41(b). If three sample
lines located at positions b, b-1 and b+1, respectively, in the sample point image taken
15 at the time t,+y shown in Fig. 4(b), take part in a production of the smallest one of the
sums calculated in the step Q4F, the sample line located at the position b is

representative of a post-movement sample line to which the movement sample line
MVa is expected to be transferred.
In the step Q5 shown in Fig. 37, the velocity Vk of each of the movement
20  sample lines is calculated in accordance with an equation described below.

= (Lb-La)/y .. (Xii)

wherein La is indicative of a coordinate of each of the sample lines in an axis which is
25  formed on sample point image at the time t, and which extends along the road, and Lb
is indicative of a coordinate of each of locations, to which each of the movement
sample lines is expected to be transferred, in an axis formed on sample point image at
the time t,+y and extending along the road.
In the step Q12 shown in Fig. 37, the exponential smoothing process for the
30 spatial velocity is performed in accordance with an equation described below.

V(m,t,) = (1-8) x V(m,t, 1) + 0 x V(m,t,)
... (xiii)

35 wherein V(m,t,) is a spatial velocity in the mth mesh section at the time t,, V(m,t,.,) is
a spatial velocity in the mth mesh section at the time t,,, and 0 is an exponential
coefficient and defined 0<0<1. By performing the exponential smoothing process,
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~ 28 - in Fig. 4 is described in detail hereinlater with reference
to Fig. 18 showing a flowhart formed by the steps S7a through S7c.
In the step S7a, the congestion blocks in each of the traffic lanes is
detected as traffic congestion ranggg -per traffic lane. Each of the
traffic congestion ranges contains 5 a single congestion block or a
plurality of congestion bl ocks connected to or overl apping wth one
anot her. Fi gnoidés cahbeelimiyatsthy of exanpl e, a neasurenent area

| ud h f ion b ded
P hch"dy M COORHE PR 7 nb hrddOBL Bt BBl B8R oaflg el gl uce
bl ock bel ongeongestismeragge tpesformed fbycthe traffic gongestion measging yndt §2rwidhbe of

the congesti &é&cﬁb&ﬁ'ﬁ deid?] hereinlater with refarén€ tookig P Btdwihd £ flbwohdrt foredBst i on
ranges per traf#f M transforned to actual traffic queue |lengths

on the road SR to the foregoing distance table. In the
step S7c, the abr ulntthe step &l thlesspatialwblecmyaﬁéaichnmshgmmhumcalaﬂyed;mmther

position ar e ¢ ?fmﬂ%m{??‘ﬂ‘:ﬂ&u&{) TRY -]y the basis of a profile indicating

t he p05|t|onso congestion. At the sane tinme, the
positions of the ch eﬁﬂxetcmphnenmg@m waresented by theflovechad shown s Big-

snoot hi ng pregess. As aresult, the traffic congestion ranges are
corrected and out ed as | usi v neasurenen results.. . .
Accordind to the S &18 % gyéwfano?}o{na%qrs,o tﬂ’é‘ﬁﬁf SPIOFlY Nhsh 8
cont ai ned i ncaltlﬂatedﬂge the tfolidwing agquiatiorp ais ising: dhe spatial ddengity cajpalatedfint he
pi cture | ' I ta
‘%e & d it A el sﬂo&ﬂﬁli‘lg‘i&eacanr@tﬁeﬂiﬂi@ﬁg?ﬁﬂ& msdrBdt tﬂg

produced in t Fatho [0cess e extre ecreased
quantity. Henffis, q“h@e@suaqmwaeea Fig. 21.

15 V(m,t) = (q(ty) xla)/dm,t) ... (ix)

wherein q(t,) is traffic quantity per predetermined time in the spatial measurement area
at the time ¢, la is an average length of the vehicles lying in the spatial measurement
area at the time t,,, and d(m,t,) is a spatial density of the mth mesh section.

20 In order to eliminate noises, the spatial velocity V(m,t,) is smoothed through
exponential smoothing techniques according to an equation described below.

V(m,ty) = (1) X Vnytyg) + p X V(m,t,)
o (XV)
25
wherein pt is an exponential coefficient and defined by O<u<1.
In the step Z2, an averaged spatial velocity is calculated by the following
equation in order to eliminate noises and an influence of the distribution of the traffic
congestion. "

30
m+M/2

Mv(m) = (1/M) x ZV(x, £ ... (xvi

x=m-M/2

wherein Mv(m) is averaged spatial velocity in the mth mesh section, and M is the total
number of the mesh sections. '

35 In the step Z3, the mesh sections each having Mv(m) smaller than Cv are
detected as a traffic congestion range. Note that Cv is a predetermined velocity. If the



reasuri ng apparatus can be sinplified in hardware and reduced in cost. In

addi tion, the traffic congestion neasuring.apparatus can process the

i mage at high speed and, accordingly, neapUHE SHEEBHASBEEN {traffic
congestion in real time. Mre specificalgy,. the Rmﬁgmerrent result can
be outputted within one or two seconds, 1.e., {he Horgest—time—25

I nterval ) +(processing tine). The present invention is, therefore, extrenely
sui t abl e f orroad shot b} éhepvidsrdaimepinis @diighandy, G is .J:eetd:tmdtﬁ/hclfcthmoradlshamm

dest aned, L0 A0 Cilerk 5y MGETCPL et to 2MGUROM il 21, chd il 1 SH0 o

As will be a‘ﬂrec Or €gol ng des E
enbodi ment , traffic songestiorbrange iredetactad asratnfl pesition g theiteatfiereongestiony Bgpdt at us

starts &ng?aﬁﬁérﬁhiﬁa%eﬁ&&h%ﬁne%ﬁ' Sedtions, | trFfi6 @@ﬁb&ﬁx&etm%e tdie
previ ousl Iearnl an ﬁ . accuracy i medi at y after the setup of

t he apparat LROS{tO COPWSH%l tion, the traffic congestion
measuri ng appar at us secmndmampbbdfytheweesm deteatingthe @il positidraoftheftraffic  t he

e oonashbdin tRRBERRAA b AL b ARELALh MislchaTinitE 8IBAARE G BoICN 25

| ocati ons, |es conges |on
reasuring  describsdAn detail hepinlater, withseferenee torfig t4r3aahpwen&qmﬂ%<=h

ease. 35 steps Z1 thiwigh Zif- .t he various paranmeters serving as cr | t er | on
R SUREF T £ o R REAE R e e WER R T
cor r espondi riyetnoesh seotionsi oln the st @20f atnevesnend densgityi Mrém) ds calculated by
dividing the counted number of the movement sample points included in each mesh
section by the total number of the sample points contained in each mesh section.
In the step Z3 ’, the mesh sections each having the spatial density D(m) larger
15  than a predetermined threshold level C1 and the movement density Mr(m) smaller than
a predetermined threshold level C2 are detected as a traffic congestion range. In the
step Z4 , the upstream end of the traffic congestion range is detected as a tail position

of the traffic congestion.
The steps Z1 through Z4 shown in FIG. 42 and the steps Z1’ through Z4
20 shown in FIG. 43 are repeated at regular intervals. Fig. 44 summarily shows
relationships between the required image data, and the results of the detection and the
calculation in the steps Z1 through Z4 and Z1 * through Z4 .
The traffic congestion measuring units 82 shown in Fig. 20 are operated to
transmit, to thé central control unit 100 in the traffic control center, the spatial densities
25 measured in accordance with the flowchart shown in Fig. 22, the spatial velocities
measured in accordance with the flowchart shown in Fig. 37, the-tail position of the
traffic congestion measured in accordance with the flowchart shown in Fig. 42 or 43,
and the various measurement results derived from the traffic flow measurement area F
shown in Fig. 21. The central control unit 100 is operated to produce traffic
30 information useful to vehicle drivers who are driving on the highway shot by the video
cameras 81 and transmit the traffic information to the display control unit 92. The
information display board 91 is controlled by the d1splay control unit 92 to display the
traffic information on its own screen. i
According to the second embodiment, not all of the picture elements contained
35 in the image but the sample points corresponding to part of the picture elements
contained in the image are processed, so that data produced during the calculation
processes can be extremely decreased in quantity. Hence, the traffic congestion
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traffic conthelstabe/6f Bi¥ traffic congestion without the previously leaning and with accuracy
16 immediately after the setup of the apparatus is completed. In addition, the traffic
congestion measuring apparatus can be stably operated to measure the state of the

traffic congestion independently of the variations in circumstances such as locations,
time, weather and traffic densities. The traffic congestion measuring apparatus can
also measure the traffic queue length with ease..

20 Each of the various parameters serving as criterion levels in the various
judgments is varied ih accordance with an actual route distance from the video camera
to a location on the road corresponding to a position of each of the sample points, so
that the results of the measurement is enhanced in accuracy. Since the various
parameters are automatically determined in accordance with the actual route distance

25  from the video camera to the location on the road corresponding to the position of each
of the sample points, the traffic control system is managed with great facility.

If a large number of video cameras and traffic congestion measuring
apparatuses are arranged along the road at regular space intervals each corresponding to
the length of the measurement area of each video camera, the state of traffic congestion

30 can be measured over long distance. In the present embodiment, the state of traffic
congestion in the whole measurement area is not estimated from measurement results

“in a local part of the measurement area but directly measured, thereby enabling the
traffic control system to quickly detect various accidents such as traffic accidents or
vehicular accidents.
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descrii nt enbodi ment is also a preferred enbodi nent of
the i mage pr OCESSI ng met hod and appgpat us according to the present

I nventi on. The aforesaid tfaffic congestion measuri ng units
were set at tvvo | ocations in Tokyo and Osaka, respectively, in 1995
and are operated practically. The nmeasgrgmws results of the field
test will be described hereinafter. (Measurenent Results of Field
Test in Tokyo) 30 (A) Measurenent condition

Location: Uchi sai WAi traffic congestier trhensuring Dodthod of measuring a stalfe\of rwaffient :

. The field tegf, ?ﬂ thé %aﬁytof %“HJS{)?G p)l(ctgfef Which r%gx@?éﬁ%#ﬁ%&?%nd vehicles

conditions in vari ous envi ronnen
weat her (§i neommgcandﬁomjon amﬂyty andois fpmnadrhy & peries (of dpagesdakepcby a video

twi | ight andcghéf}dom oﬁﬂgﬂ{éﬂh@ s@psof:i ty (light traffic and heavy traf f | c)

~ (1) August 2nd, 15( 3) settmé da &r&lﬂ? of%lau%lf)ijey p(;u?ts ruél1 said mot?gﬁ/ \Iglctturgf each
said sample points having a brightness level;

(b) detecting, as presence sample points, the sample points which are

10  situated in one of said series of images taken at a predetermined time and at each of
which the vehicle is expected to be present;

(c) detecting, as movement sample pomts the sample points which are
situated in the image taken at said predetermined time and at each of which the vehicle
in motion is expected to be present;

16 @ detecting movement blocks each formed by part of the sample points
adjacent to one another and including part of the movement sample points, a ratio of the
movement sample points to all of the sample points contained in each movement block
being larger than a predetermined level;

© detecting, as congestion sample points, the presence sample points
20 excluded from said movement blocks;
® detecting congestion blocks each formed by part of the sample points

adjacent to one another and including part of the congestion sample points, a ratio of
the congestion sample points to all of the sample points contained in each congestion
block being larger than a predetermined level; and

25 ® measuring the state of traffic. congestion on said road at said
predetermined time on the basis of said congestion blocks.

2. A traffic congestion measuring method as set forth in claim 1, in which the
sample points on a line perpendicular to a direction in which said road represented in
30 the image extends are positioned in the image so as to correspond to actual locations,
respectively, aligned at regular actual space intervals on said road,
the sample points on a line parallel to said direction are aligned at space
intervals, and the space interval between two adjoining sample points aligned on the
line parallel to said direction becoming smaller as two actual locations on said road
35 respectively corresponding to said two adjoining sample points are more remote from
said video camera.
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predetermined time; and
(b3)  detecting said presence sample points on the basis of said sample .
10  point image and said criterion brightness image.

4. A traffic congestion measuring method as set forth in claim 3, in which said
steps (b) through (g) are repeated at regular time intervals,
said step (b) comprising the step of forming the criterion bnghtness image,
15  which is utilized for detecting said presence sample points in the sample point image
taken at time t1 corresponding to said predetermined time, on the basis of the sample
point image taken at said time t1 and said criterion brightness image utilized for
detecting said presence sample points in said sample point image taken at time t0 prior
to said time t1 by one regular time interval.
20
5. A traffic congestion measuring method as set forth in claim 1, in which said
step (b) comprises the steps of:
_ (b1)  forming a criterion brightness image in which no vehicle is expected
to be present and which is taken by said video camera;
25 (b2)  calculating a difference image indicative of a difference in brightness
between the image at said predetermined time and said criterion brightness image;
®3) spatially differentiating said difference image;
®4) detecting, as the presence sample points, the sample points each
having a differentiation value larger than a predetermined threshold level in the
30 spatially differentiated difference image, and
(bS)  varying said threshold level, which is utilized for judging each of the
sample points, in accordance with an actual route distance from said video camera to an
actual location on said road corresponding to a position of each of the sample points in
the image.
35
6. A traffic congestion measuring method as set forth in claim 1, in which said
step (c) comprises the steps of:
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(1):95. 4% (2) : 68) 49, formifqesg sayaplg@pint image represented only by Plc(“!? elgments,
(5):98.2%  cotrdspofiding %6 the sample points in the image taken at time t+B, B being a pos1t1ve
time interval; and
10 (c4) detecting the movement sample points on the basis of said three

sample point images respectively formed in said steps (c1), (c2) and (c3).

7. A traffic congestion measuring method as set forth in claim 1, in which said
step {(c) comprises the steps of:
15 (c1)  calculating a first difference image mdlcauve of a difference in

brightness between the image taken at time t corresponding to said predetermined time
and the image taken at time t-o, o, being a positive time interval,
(c2) binarizing said first difference image with a first predetermined
threshold level to form a first feature abstractive image containing only picture
20  elements each having a level of 0~ or ~1~;
(c3) calculating a second difference image indicative of a difference in
brightness between the image taken at the time t and the image taken at time t+p, B
being a positive time interval;
(c4) binarizing said second difference image with a second predetermined
25  threshold level to form a second feature abstractive image containing only picture
elements each having a level of “0~” or “17;
(c5) calculating a product of said first feature abstractive image and said
second feature abstractive image to form a product image;
(c6) detecting, as the movement sample points, the sample points
30 corresponding to picture elements each having the level of *1~ in said product image;
and |
(c7)  varying the first and second predetermined threshold levels, which
are utilized for judging each of the sample points, in accordance with an actual route
distance from said video camera and an actual location on said road corresponding to a
35 position of each of the sample points in the image.

8. A traffic congestion measuring method as set forth in claim 1, in which said
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5 (d2)  detecting, as said movement blocks, the candidate blocks each having the
calculated movement sample point ratio larger than a predetermined level.

9. A traffic congestion measuring method as set forth in claim 8, in which said
step (d) comprises the step (d3) of varying, in size, each of said candidate blocks in
10  accordance with an actual route distance from said video camera to an actual location
on said road corresponding to a position of each of said candidate blocks in the image.

10. A traffic congestion measuring method as set forth in claim 8, in which said
step (d) comprises the step (d3) of varying said predetermined level, which is utilized

15 for judging each of said candidate blocks, in accordance with an actual route distance
between said video camera to an actual location on said road corresponding to a
position of each of said candidate blocks in the image.

11. A traffic congestion measuring method as set forth in claim 8, in which said step (d)
20  comprises the step (d3) of removing, as noise, the movement sample points excluded
from said movement blocks.

12. A traffic congestion measuring method as set forth in claim 1, in which said
step (f) comprises the steps of:
25 (f1) calculating congestion sample point ratios indicative of a ratio of the

congestion sample points to all of said sample points contained in each of candidate
blocks which partially forms the image taken at said predetermined time; and

(f2) detecting, as said congestion blocks, the candidate blocks each
having the calculated congestion sample point ratio larger than a pfedetennined level.

30
13. A traffic congestion measuring method as set forth in claim 12, in which said
step (f) comprises the step (f3) of varying, in size, each of said candidate blocks in
accordance with an actual route distance from said video camera to an actual location
on said road corresponding to a position of each of said candidate blocks in the image.
35

14, A traffic congestion measuring method as set forth in claim 12, in which said
step (f) comprises the step (f3) of varying said predetermined level, which is utilized for
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said road at said predetermined time.

17. A traffic congestion measuring apparatus for measuring a state of traffic
congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising:

first means for setting a plurality of sample points in said motion picture, each
of said sample points having a brightness level;

second means fordetecting, as presence sample points, the sample points
which are situated in one of said series of images taken at a predetermined time and at
each of which the vehicle is expected to be present;

third means for detecting, as movement sample points, the sample points
which are situated in the image taken at said predetermined time and at each of which
the vehicle in motion is expected to be present;

fourth means for detecting movement blocks each formed by part of the
sample points adjacent to one another and including part of the movement sample
points, a ratio of the movement sample points to all of the sample points contained in
each movement block being larger than a predetermined level;

fifth means for detecting, as congestion sample points, the presence sample
points excluded from said movement blocks;

sixth means for detecting congestion blocks each formed by part of the sample
points adjacent to one another and including part of the congestion sample points, a
ratio of the congestion sample points to all of the sample points contained in each
congestion block being larger than a predetermined level; and

seventh means for measuring the state of traffic congestion on said road at said
predetermined time on the basis of said congestion blocks.
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50<x<60 18. A traffic congestion measuring agpgratus as set forth in claim 17, in which
60<x<75 said second means comprises: 75 10

' ﬁ:xﬁégg and tail p05| i %rng rmfm% hec P i C é‘one(ﬁsesl ' Whlch no vehicle is
5 expected to be present and which is taken by said video camera,
means for calculating a difference image indicative of a difference in
brightness between the image taken at said predetermined time and said criterion
brightness image;
means for spatially differentiating said difference image; and

10 means for detecting, as the presence sample points, the sample points each
having a differentiation value larger than a predetermined threshold level in the
spatially differentiated difference image,

said third means comprising:
means for calculating a first difference image indicative of a difference in

15  brightness between the image taken at time t corresponding to said predetermined time
and the image taken at time t-¢t, ¢ being a positive time interval;

* means for binarizing said first difference image with a first predetermined
threshold level to form a first feature abstractive image containing only picture
elements each having a level of ~0~ or ~1~;

20 means for calculating a second difference image indicative of a difference in
brightness between the image taken at the time t and the image taken at time t+§, B
being a positive time interval; .

means for binarizing said second difference image with a second
predetermined threshold level to form a second feature abstractive image containing

25  only picture elements each having a level of ~0~ or ~17;

means for calculating a product of said first feature abstractive image and said
second feature abstractive image to form a product image; and

means for detecting, as the movement sample points, the sample points
respectively corresponding to picture elements each having the level of 1~ in said

30 product image,

said fourth means comprising:

means for calculating movement sample point ratios each indicative of a ratio
of the movement sample points to all of the sample points contained in each of
candidate movement blocks which partially forms the image taken at said

35 predetermined time; and

means for detecting, as said movement blocks, the candidate movement
blocks each having the movement sample point ratio larger than said predetermined
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19. A traffic congestion measuring method of measuring a state of traffic
15  congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising the steps of:
(a) setting a plurality of sample lines in said motion picture, each of said
sample lines being formed by a plurality of sample points aligned on a line
20  perpendicular to a direction in which said road extends, and each of said sample points
having a brightness level; |
b) forming a criterion brightness image, in which no vehicle is expected
to be present, taken by said video camera;
(c) calculating a difference imége indicative of a difference in brightness
25 between one of said series of images taken at a predetermined time and said criterion
brightness image by calculating brightness difference values each indicative of a
difference in brightness between each of the sample points in the image taken at said
predetermined time and each of the sample points in said criterion brightness image
corresponding in position to each other; |
30 @ detecting, as difference sample lines, the sample lines which are
situated in the image taken at said predetermined time and each of which has a
brightness level having a difference larger than a predetermined level from each of the
sample lines in said criterion brightness image, on the basis of the brightness difference
values of the sample points in said difference image;
35 (e) spatially differentiating said difference image to calculate
differentiation values respectively belonging to the sample points in said difference
image;
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having a difference larger than a predetermined level from one of two sample lines in
the direct neighborhood of each of the sample lines, on the basis of the differentiation
values of the sample points in said spatially differentiated difference image;

® detecting, as presence sample lines on each of which the vehicle is
expected to be present, the difference sample lines detected in said step (d) and the edge
sample lines detected in said step (f); and

(b) measuring the state of traffic congestion on the basis of said presence
sample lines. '
20. A traffic congestion measuring method as set forth in claim 19, in which said

sample lines set in said step (a) are aligned at space intervals in the image, the space
interval between two adjoining sample lines becoming smaller as two actual locations
on said road respectively corresponding to said two adjoining sample lines are more
remote from said video camera.

21. A traffic congestion measuring method as set forth in claim 19, in which said
steps (b) through (h) are repeated at regular time intervals,

said step (b) comprising the step of forming the criterion brightness image
which is utilized for detecting said presence sample points in the sample point image
taken at time t1 corresponding to said predetermined time, on the basis of the sample
point image taken at said time t1 and said criterion brightness image utilized for
detecting said presence sample points in said sample point image taken at time 0 prior
to said time t1 by one regular time interval.

22. A traffic congestion measuring method as set forth in claim 19, in which said
step (d) comprises the steps of:

(d1)  detecting the sample points having the positive brightness difference
values each of which is larger than a positive predetermined level;

(d2)  detecting the sample points having the negative brightness difference
values each of which is smaller than a negative predetermined level; and

(d3)  detecting, as said difference sample lines, the sample lines each
including part of the sample points detected in said steps (d1) and (d2), a ratio of the
sample points detected in said steps (d1) and (d2) to all of the sample points contained
in each of the difference sample lines being larger than a predetermined level.
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st ag | l | I HI b) and the traffic congestfig S SH T WAS BEEN

nmeasu# enent. pmecissi en (c) under the af org:}renticr;@'ﬁ c%g%{iggns %1 -(5) are
- - '.,‘_( (L N

described as foll ows: ( (b)
E(921 ieC) (c) (9 (1) 42350 43775
. » . » . . . 6

(3) 3827355 A traffic cogé%%yg measum"x;gGﬁl%gm.og as set forth imdlaiiw 22, in which %ﬁd
45940 step (D) ®oomprises the stepgd4)yof varying said positive and negat(ige) predetermingd 9
46465 1evél$ -which are utilized for judging each of MeSsaippointspin dcberdadicet witiphn

traffic congestion approximte tao.the true: 15 ;

measur ed und@tual,\fapte ‘Eiéﬁﬂ?et%ﬁé .smﬁlhgg?%tcapegat 0, A AcH! A%?aé?#(t)bﬁl S48 6
has the reastorespoding e positionifghelr of the sar@plepoints in the image. Resul ti ng
fromthe evaluation of precision described above, the stable
measurenent of the traffic congestion queye |en nd the_ head a

I t d tail of
the traffic 20 cohgasfie mggswnaequmgmdm@%ﬂﬁﬂ%slﬁ%tlgt18 "t’lﬂaﬂ said  °
nmeasur ement {as(d)icomprises the BRPSHF: ement time, the weather and the traffic

4570f the drawi ngstId scEIAIEGER: brsgs fiffespod el bl ifiepaffor £ 10
syst em attppt inean of the brightnessyliffeience valussiofithgsampltpointsrrontainadrineach of the
according t Osatrﬁ}ﬁe gh&sent i nvention will be described in detail hereinafter.
(d2)  detecting, as said difference sample lines, the sample lines having the
positive mean brightness difference values each of which is larger than a positive
predetermined level; and
15 (d3) detecting, as said difference sample lines, the sample lines having the
negative mean brightness difference values each of which is smaller than a negative
predetermined level. | '

25. A traffic congestion measuring method as set forth in claim 24, in which said

20  step (d) comprises the step (d4) of varying said positive and negative predetermined
levels, which are utilized for judging each of the sample lines, in accordance with an
actual route distance from said video camera to an actual location on said road
corresponding to a position of each of the sample lines in the image.

25  26. A traffic congestion measuring method as set forth in claim 19, comprising the
step (i) of adding, when there are two presence sample lines sandwiching no presence
sample line and sandwiching at least one sample line therebetween and when said two
presence sample lines are spaced apart from each other at a distance in the image
corresponding to an actual route distance along said road larger than a predefermined

30 distance level, the sample lines between said two presence sample lines as new presence
sample lines to the previously detected presénce samplé lines in said step (g).

27. A traffic congestion measuring method as set forth in claim 19, comprising the
step (i) of eliminating, when there is a line group containing a series of presence sample
35  lines which have no sample line interposed therebetween and when both end presence
sample lines of said line group are spaced apart from each other at a distance in the
image corresponding to an actual route distance along said road smaller than a
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The second enbodi nent of the traffic control systemis shown in Fig. 20 as

: ' , traff t t 82,

ot or ot IINURCEGEVEV R Sose o520 S GPopr oy Compotosmisamary 2 cont ra
control tnit 100 % ha&t i*s located 30 in g,traf ﬁ”ﬂéc%rﬁ*—hldp\% . The video
caneras 81 are positioned above a hi ghwa??8 SBB.CGE{:*IJel ati onship to

each other at a certain distance. As shown in Fig 21, "each of the

- 34 - i h .
i ey t ovie PP Efnea Wlieiive, haftl Idieh 8 prdsBile gt Bhi Rl e Boupf®
each of the Wab@e@mwbmewpresemmlaéaem P(gé-ar si de portions

of the vehicles. Since the video caneras are thus flxed I n the present
enbodi nment , e traffig control systemis Iet e tail,
cosit1on of Phe ¢ r Artrachic Edbnion Biaepik oS scedolB BFHR 19 PoBiting e | he

traffic cent sep (i) of elimjreting) when thierenid adlmcgronqnmmmnmlg@nheaslerps:of presencef t he
traffic conggshhlines c'hif? no samlé Gtk %%&Js@& m&é&w&ﬁ gac t 8fthe

directed fro Smst ream s| de t ownar, upstream
side of the AiffeRce sample lines,when hath MP‘@%yarB@eflméaf 8§y d@et&soup are

spaced apart from each other at a distance in the image corresponding to an actual route
distance along said road larger than a predetermined distance level, and when a mean of
10  brightness levels of said series of presence sample lines of said line group is smaller

than a predetermined level, said series of presence sample lines of said line group from
the previously detected presence sample lines in said step (g).

29. A traffic congestion measuring method as set forth in claim 19, comprising the
156  steps of:

)] detecting, as movement sample lines, the sample lines on each of
which the moving vehicle is expected to be present in the image taken at said
predetermined time; and

6)) adding, when there are two presence sample lines sandwiching no

20 presence sample line and sandwiching at least one sample line therebetween, when said
two presence sample lines are spaced apart from each other at a distance in the image
corresponding to an actual route distance along said road smaller than a predetermined
distance level, and when there is at least one movement sample line between said two
presence sample lines, the sample lines including the movement sample line interposed

25 between said two presence sample lines as new presence sample lines to the previously
detected presence sample lines in said step (g).

30. A traffic congestion measuring method as set forth in claim 29, comprising the

step (k) of varying said predetermined distance level, which is utilized for judging said
30 two sample lines, in accordance with at least one of two actual route distance along said

road, one of said two actual route distances being between said video camera to an

actual location on said road corresponding to a position of one of said two sample lines

in the image, and the other of said two actual route distances being between said video

camera to an actual location on said road corresponding to position of the other of said
35 two sample lines in the image.

31. A traffic congestion measuring method of measuring a state of traffic

This Sheet Has Been Re, eplac

LT



shoot’ front side portions of the vehicles. 10 The information

display b H “ oned above the hi ghway on the “upstream si de
of the Ieﬁm Imm luimﬂum canera 81 shown in Fig. 20 and directed toward
the upstremSide d&f tthe*hi ghway. Each of .the traffic congestion neasuring

units 82 is designed sim.larly totf traffic congestion units 21 to
24 of the first enbodi nent shown in Fig. 3. Although the repeated

description g, rgtgﬁ t&?ftﬁét Baﬁé’%?%%bﬁ&h Pretird rdvﬁk%g]r?%rékl{ﬁ# % 194d afid Yhicle§

various progtans and ef't measur ement

of the presemmmmdumomsadmadfmtfm hysa gerieg of imagardalean yhe pidea f
the first enpaférafddimprisafgthebtepsiof:t raffic congestion neasuri ng units 82 is

designed to sure he s a of .the. tr ffIC 0 .est h.of a
spatial neasur ement® ar ed® trality ty of sample k Wﬁr‘i‘&’g Bé’i shown
in Fig. 2. Sdmsple rlafefsiheiﬁg dformeh xyr enp.lnralmyeﬁ' mnplerc&meaicgnedvm aa line

di stance of A geg?]

81 at 10 net &g %otéer oJl’Jdrﬁﬁ}ng‘? r%ﬁ%&{eng rafsglﬁ?:&I a@f@\}?&ﬁs
measur enent F ngh‘é‘eSSIG"el,trafflc congestion measuring unit is operated
not only to det ect (hhe vadedting Sa&'\/?rd‘sbno%rﬁmple linBd, b€ Bhmple fil&, oh Gack ofut

I to det t I

of the veh i%gch%ﬁ? R CRE  JUT  T  L R C
the 25 10 af §anplé pointsweener afiseidiseriewef images tkarcatasprddéterminedifime; n Japanese
Patent Lai d-open c%eapuékhh&ﬂh 5 OBhdidw %ﬁéag"i?éuﬁﬂ lgéqngsh'oﬁ {25 Rhiclek e

description of the sur enent is om erein. :
In the rreantW@seﬂtﬁ‘é“’s‘&&ﬂm&ge%%ﬁrsé%@ﬁdﬁ?@&n@'é‘?(lPends over a distance of

200 neters from a (d)ne s¢uieetingpaidiprésence tdigpleilihes onahe basiglof sAidehadsw and
covers two 3%6 traﬁéf'c | anes. In the spatial neasurenent area E, are
nmeasur ed spa Al nsities, spatial vel ocities and tail positions of
traffic tongestion(e) The measuning dfe state ofitrafficrngngestion on the basis of the presence

sample lines corrected in said step (d).

32. A traffic congestion measuring method of measuring a state of traffic
congestion on the basis of a motion picture which represents a road and vehicles

20 coming and going on said road and is formed by a series of images taken by a video
camera, comprising the steps of:

(a) setting a plurality of sample lines in said motion picture, each of said
sample lines being formed by a plurality of sample points aligned on a line
perpendicular to a direction in which said road extends, and each of said sample points

25 having a brightness level; :
(b) detecting, as movement sample lines, the sample lines on each of

which the vehicle in motion is expected to be present; and
(c) measuring the state of traffic congestion on the basis of said

movement sample lines.
30
33. A traffic congestion measuring method as set forth in claim 32, in which said
step (b) comprises the steps of: _
(bl1) calculating a first difference image indicative of a difference in
brightness between the image taken at time t corresponding to said predetermined time
35 and the image taken at time t-oi, ¢ being a positive time interval;
®2) binarizing said first difference image with a first predetermined
threshold level to form a first feature abstractive image containing only picture



val ues wil |

be a arent as the description proceeds. The

resul ts omﬂmm "H by the traffic congestion measuring units 82
are trans traI control unit 100 in the traffic control

center. Thé
i nformati on,

centtal” control unit 1090|s designed to produce traffic
that is useful to drivers driving on the highway, on the

basis of the recei ved neasurenment results. The traffic information is

transmtted
- 35 -
board 91.

iﬂfm'?ﬂ f@)r §tNigt». 100 to the -di splay control unit
élé’% |sp gﬁlﬁg%nmft he ési.cr eén of_ the informatjon, display
lating 2 sacopd differenge-imagg indigative0f 3y diffesencein e

per f or med bybﬁﬂ‘mnéss %Ethdén the imageqakeSati the tifieatsandi the inagd talen attige t+p, B
construct ed w, 1@ rrﬁa t¥ ra.Ens?crl bed hereinl ater with reference to
Fig. 22 shomﬁ"ﬂ’@gﬁp?"f Ve HBe oAl | by the steps P1 through P16. .5

In the stéep
tlerr]

sanpl e poi nt
enbodi ment i
enmbodi nent ,
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35

P1, a @dhpl ebipwizing said seeond differencd imamithssema@preﬂaﬂeanin_ad tine
th?é%ﬂoldslé 68 UoRN  secBpl 'fuﬁtaie' &asuaéuv%am 8 O;mﬁgromf Blcnird the

I nce e pol nt present

he <a
%lelpﬁ?‘ W&aﬂeyelt‘lf O Ar o‘f 't he aforesaid first
t he de@bﬁ)l pt ¢atdulftingt protiadtvf saidffirbtofeatufdatistigctb@ ilage ped sdid

second feature abstractive image to form a product image;

(b6) detecting, as movement sample points, the sample points
corresponding to picture elements each having the level of ™1~ in said product image;
and

b7) detecting, as said movement sample lines, the sample lines each
including part of the movemeént sample points, a ratio of the movement sample points to

_all of the sample points on each movement sample line being larger than a

predetermined level.

34. A traffic congestion measuring method as set forth in claim 33, further
comprising the steps of:

(b8)  varying said first and second predetermine threshold levels, which
are utilized for judging each of the picture elements in said first and second difference
images in said steps (b2) and (b4), respectively, in accordance with an actual route
distance from said video camera to an actual location on said road corresponding to a
position of each of the picture elements in the image; and

®9) varying said predetermined level, which is utilized for judging each
of the sample lines in said step (b7), in accordance with an actual route distance from
said video camera to an actual location on said road éorresponding to a position of each
of the sample lines in the image.

35. A traffic congestion measuring method of measuring a state of traffic
congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising the steps of:

(a) setting a plurality of sample lines in said motion picture, each of saxd
sample lines being formed by a plurality of sample points aligned on a line
perpendicular to a direction in which said road extends, and each of said sample points
having a brightness level;



Jrmage is omtted herein with the intention of avoiding the repeated
description. Each of 10 the sanple lines is forned by a plurality of

the road AL ovs  cr o Poniips ™ ™ betueen the samie

poi nts and the& sanplfe Finks in the sanple point inage. The
step P1 is followed by the steps P2 and P3 which are simlar to the steps
S2c and S2d, respbyti VvaleectiifQeprdsendeisgmplé lintheheladiplé hildson eath déftwhieli eps P2

doscr i pt  orthe vl i ExglBlels lblededr 35 O hagid ol Biahichs Bl I e, P
and edge saqqinteinbm@t_saidseﬁesesimaestp&bwtaapmd@tetéi@edzdmp the basis of the
difference image.(jn thQiclaigrP deRéifs 8t vehicle§619ﬁgeod Isi@Sroal eatdgi@ct ed
dependi ng lrJIPOq?Fét he  dj f.fer e?i]gee sanmpl e.’] i nes and hg edge sanple lines
det ect ed i rPTEgRtcrminedtig on the basis of saidpresenes SAMPIR UneS e P | eads to the
S]E eph20 P7 in vid) C]t’l testimating arlage sivetl | vehiole ratio indieativer ofec tatid afnlatgee baﬁ i's
of the arr ' . , t
aﬁ%ﬁ% cled lafg?feth% % Pﬁ:g?treﬁﬁﬁ‘l@& 9elﬁ@1m§1 t& ﬁﬁ]ﬁﬁpﬁ gghélélgfgeﬁées%hgcg €

presence sanpl e I1Nes : o corrécted o
ar r angenentindhe irpagedakencat spid Predeigsmined;tivee; det ected in the step P4.

In the step P9, ngyeneni fheldensi§y oFiRe FeHicles Giflthd S OF Bald WiPéLsizBd ee 25
sanple jm eg.rlesafgﬁctl.vel .taken atdt_l n& t[err] time t[err]-[err] and tine
t [ err] Hler ryenigigyr @sgp@?;ﬁmsm 3tpdDi@RE presence sanple lines are further
corrected on the (fasi s méasaringthgstatewf tedffic bengestion omthe basisof thedgisity bf nes.
In the ste . '@%‘lﬁﬁﬁﬁlﬁ ais divide into a plurality of nesh
sections. ﬁrqgt%%heldgpg% , the s?}g(e?'al density in each of the nesh sections

at the time t[err] 30 is calculated depending upon the presence sanple
line correcigd i nAtthgfistcdAgedtidn measuring method ak ket H6xtis tig 1did335, further
cal cul afsed c%nip%tsin% tBIe stleg r(g%eo-f etfima invgelpl ef Lrglﬁclg fgaf;isl Af vgflic{ers] yn\l/éa erl gall foad at
said predetermined time, '
said density of the vehicles calculated in said step (c) being corrected in said

step (€) on the basis of not only said large-sized vehicle ratio estimated in said step (d)

but also said inter vehicle gaps estimated in said step (g).

20
37. A traffic congestion measuring method of measuring a state of traffic
congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising the steps of: '

25 @ setting a plurality of sample lines in said motion picture, each of said
sample lines being formed by a plurality of sample points aligned on a line
perpendicular to a direction in which said road extends, and each of said sample points
having a brightness level;

- (b) calculating mean brightness levels each indicative of a mean of

30 brightness levels of the sample points situated on each of the sample lines in the image
taken at time t;

(c) calculating mean brightness levels each indicative of a mean of

brightness levels of the sample points contained in each of the sample lines in the image
taken at time t+y, y being a positive time interval;

35 (d detecting, as movement sample lines, the sample lines which are
included in the image taken at said time t and in each of which the vehicle in motion is
expected to be present;



which are present in the measurenent area at the time t[err] In the step

P14, is i nter vehicle gap of ve‘flﬂgu_h_i_m—&&-ﬁresent in
't he meas,m mi H,MH"' he tine t[err]. NThResistEPHEI BEENHe spati al
density i*n &ach o ewesh sections is correctpd depgnghpgn35  jupon the

cal cul ated | arge-sized vehicle ratio and thé calLculated—+nter—vrehicl e gap.
In the step P16, n is replaced with n+tl and the control is returned from

{Eg . SE gfr] - Cgﬁg t(%f] . th egchSHg,PJs- progpeetiv Postinbrerfont SanbleVfinds! R Haimpl'

- 36 - lines yéhiqhare énahaded ip the image takon at said Heertay apd toeagh phwhichieach
intervals.  of the movement karfiple dihek Sn &he iRdge thkem fat lsxidSt@uitig ekpectdd RBEI PS
bet ween t he qet ef%lga,n and the calculation results in the steps P1

t hr ough P15. H&fection and the cal cul ation results wll be

appar ent forom t he (@ | owicalgubitingi limel velooities a¢dchnindidfativéeofs a eyedodity of> the

t hrough P15. : =1 : €i f hggethe
di fference sa%Yeem nlt r?gglple lift E))gé O?rﬁéﬁﬁ%o%;[tﬁ;ee %‘?eﬁﬂ%ﬁ&gﬁzavl\n@ ﬁ | %f will
be descri bed distange betweandweilacations onsaig road respectively corresponding to each of the
movement sample lines and each of the post-movement sample lines; and
(& measuring the state of traffic congestion on said road on the basis of

10  the line velocities of the movement sample lines calculated in said step (f).

38. A traffic congestion measuring method as set forth in claim 37, in which said
step (e) comprises the steps of:
(el) determining a prospective post-movement area in the image taken at
156  said time t+y, into which the movement sample line is expected to be transferred from
the image taken at said time ¢, on the basis of said positive time interval y and an actual
route distance from said video camera to an actual location on said road corresponding
to a position of the movement sample line; .
(e2) calculating sum values each indicative of a sum of absolute values of
20 differences each of which is between the mean brightness level of the movement
sample line in the image taken at said time t and the mean brightness level of each of
the sample lines contained in said prospective post-movement area in the image taken
at said time t+y;
(e3) judging whether the smallest one of said sum values calculated in
25  said step (€2) is smaller than a predetermined level; and
(ed) detecting, as said prospective post-movement sample line, the sample
line which is included in said prospective post-movement area of the image at said time
t+y and which takes part in production of the smallest one of said sum values judged to
be smaller than said predetermined level in said step (e3).
30
39. A traffic congestion measuring method as set forth in claim 37, in which said
step (b) comprises the step of calculating two mean brightness levels, one of said two
mean bﬁghtness levels being indicative of a mean of the brightness levels of the sample
points situated on the sample line which lies directly on an upstream side of each of the
35 movement sample lines in the image taken at said time t, and the other of said two mean
brightness levels being indicative of a mean of the brightness levels of the sample
points situated on the sample line which lies directly on a downstream side of each of

AW
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re erence to Fig. 25 showing a flowhart forned by the steps P4a through

”“I“w J "ullml he step P4a, a positive threshold level THL, a
negatl I TH2 10 and a positive integer threshold | evel TH3
are determinéd In accordance w th an act ual route distance fromthe

video camera to a location on the road cofresponding to kth sanpl e
line formed by Msanple points. In the step P4b, a judgnent is nade upon

whet her a br'tﬂ%ﬂ@éﬁeﬂ'sﬁ&ﬁfe@ﬁﬁ@nﬁ’ﬁh%@étak&?atrgafht%ﬁ@?':ﬁdpo' nt on the kth
sanple line is ositiye threshold | evel THL or not.

e
Note that the bri gﬁ?‘ﬂe"%& @‘f‘?"éﬂ%ﬁ% gﬁ tePyQFues bel ong to the sanple points,
respectively, in tiel)difdetenniténg aefyst prispedtive gubst-movementtdrea $i elpe RAagehown

in Fig. 22. t 24

a1 1t oo AERR gaid e shy B8 YHAC N Moveifet SBulle tiayis' GobitEd o be
in the stbp mansfemed fronh ghenimagei talsen ajcsaid timee t.tcuptlﬁlenasme@fdsnd positive timee
step PAc. | nijhdBRabf SRd E’ﬁ’fﬁctuﬁ bt AiGedtce FOMERAE vide6 RaMBAtH ah abigl IBEtHRigAESS

20 difference val | e i nt _on K sanple line is
aral Ler t han SEjdoad Corspenifing lo's Reorcntits BoePRestsapblelins |t *t he answer i n
the step P4c IS i n(¢de atdbtermiming/®second ptdéﬁ&&‘t;vetﬂmt—mbeqsm&tcarémdhe imagehe

t P4d. h

2 X :B Pac Iea éﬁﬂé@oa‘i‘{%%*ﬁeﬁ?b 'l%*\?méﬁ W abAsed %lpﬁti)ea}lpﬁ%' one ht“gg’g%ﬁ 5}6‘?11 %Yﬁ) firstt €
rel evant 0o Pﬁ@PtheMbm@V?mﬂHtanﬁn the kth sanple line 25 is set to ON'
condition and, subg Uemdbﬁérmin § QRird Pro Wt—hﬂbv&ﬁ@n@iﬁ@ ilP48e nﬁage

eyt o theghi b &%dwﬁﬁé i IR R Ao BY 30 fee e T S TR s
the effect ofprcj»spdqiwqaoahnnhanentheea, bri ght ness di fference val ues of al |
of the sanple poi m( et)On Eﬂﬁuﬂéﬁlﬁ%ﬁMtédL e?&xc@%lu'e@é&%rm catlvet

positive |evel TH1 o not _an an th negat Ive |evel not
30 15 | yalug of diffgsensebetween;themeam brighiness devel phihe iraviement samp ‘?ﬂl%’élr of
the flags sethe image taken at said time t and the mean brightness level of each of the sample lines
- contained in said first prospective post-movement area in the image taken at said time
ty;
(e5) calculating absolute difference values each indicative of an absolute
20 value of difference between the mean brightness level of the sample line which lies
directly on an upstream side of the movement sample line in the image taken at said
time t and the mean brightness level of each of the sample lines contained in said
second prospective post-movement areas in the image taken at said time t+y;
(e6) calculating absolute difference values each indicative of an absolute
25  value of difference between the mean brightness level of the sample line which lies
directly on a downstream side of the movement sample line in the image taken at said
time t and the mean brightness level of each of the sample lines contained in said third
prospective post-movement area in the image taken at said time t+y;
(C2)) calculating sum values each indicative of a sum of each of the
30 absolute values calculated in said step (e4), each of the absolute values calculated in
said step (e5) and each of the absolute values calculated in said step (e6); '
(e8)  judging whether the smallest one of said sum values calculated in
said step (¢7) is smaller than a predetermined level; and
(e9)  detecting, as the post-movement sample line, the sample line which is
35 included in said first post-movement area of the image taken at said time t+y and which
takes part in production of the smallest one of said sum values judged to be smaller than
said predetermined level in said step (e8). '



t.o."ON" condition exceeds the positive integer threshold |evel TH3 or not.

[ th the step P4g is in the affirmative "YES" the step
P4g IE“I"I mmilpmw which the kth sanple—tire— tyed as the
di ff erence sanpl esl | ne. If the answer in_the THlSt&ktEEMb"S BEEM t he
negative "NO', the step P4g leads to t he 74t ep R4i. BREVLATADe of fhe 35
steps P4i and P4j, the steps P4a through P4h areTepeated uniil k is equal
to K. Note that K is indicative of the nunber of all of the sanpl e
lines contained in one traffic lane = wthin the neasurenent

- 37 - 48+ ea. ATHaffice pengestion mepsuring methed 7/ sett forthuighclpim 3o Jurther
effect of detes hﬂg g{ést s gfhe di fference sanple lines included in one

traff I th it

threshol d Tevel Tr®my H@afﬁﬁégﬁﬁw?revﬁqswmwsstﬂ@na?sa?@ﬁ@slﬁetsed
bel ow. The pphirahtyeftmsbsembds,\aadue TH1 used forjudgi ng each of the sanple
5 lines becormes sggl | ercﬁéuﬁ@n%ﬁfeﬂﬁ"hn@ i&:ltfﬂsséa@ﬁ"iﬁd&e{tﬂi@étgfniéhﬂ%?l mer a

to a location on he roa orrespon a position each o the
sanpl e | i nes Velacitigg of thegrovsmesksample lines contamed in each of said mesh sections and

detecting, as spatial velocities of the mesh sections, the calculated mean line velocities,

respectively.

10
41. A traffic congestion measuring method as set forth in claim 40, further
comprising the step (j) of setting, to zero, the spatial velocities of the mesh sections
smaller than a predetermined level.

15 42 A traffic congestion measuring method of measuring a state of traffic

congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising the steps of:

(a) forming a criterion brightness image which is taken by said video

20 camera and in which the vehicle is expected to be absent;

) detecting the vehicles represented in one of said series of images
taken at a predetermined time on the basis of said criterion brightness image and the
image taken at said predetermined time;

(c) renewing said criterion brightness image after said step (b); and

25 (@ repeating said steps (b) and (c) at predetermined regular intervals,
said criterion brightness image being renewed in said step (c) by an equation
described as follows:

Bui1= By + 1 X (Xp- By)
wherein X, is a brightness level of each of picture elements forming the image taken at

30 time t, B, is a brightness level of each of picture elements forming the criterion
brightness image which is utilized for detecting the vehicles represented in the image
taken at said time t,, By, is a brightness level of each of picture elements forming the
criterion brightness image which is utilized for detecting the vehicles represented in the
image taken at time t,.4, each of said predetermined regular intervals is equal 0 t,.;-ty,

35  and n is a variable coefficient decreased in proportion as Ix,-B,| becomes large and as a
level of the traffic congestion on said road is increased.
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l.arger. Reversely, the negative threshold value TH2 used for judgi ng each
of the(ullll Ll MBMMMF becones | arger as the actual route distance from
t he vi deX Wi Og | ocation on the road corresponding to a

position of each of the sanple lines in thhe imge 10 becones |arger. The

reason why the positive threshold value™THl™and t he negative t hreshol d
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t hreshol d 25%val ué 11afiscepgrstion meggyring, method,ag sefj ine chaima 43 durthero my
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45. A traffic congestion measuring method as set forth in claim 43, further

20 comprising the step (d) of informing, in real time, a driver who heads the vehicle toward
the road shot by said video camera, of the tail position of the traffic congestion range
detected in said step (c).

46. A traffic congestion measuring apparatus for measuring a state of traffic
25 congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising: |
means for setting a plurality of sample lines in said motion picture, each of
said sample lines being formed by a plurality of sample points aligned on a line
30 perpendicular to a direction in which said road extends, and each of said sample points
having a brightness level; ' '
means for forming a criterion brightness image, in which no vehicle is
expected to be present, taken by said video camera;
means for calculating a difference image indicative of a difference in
35  brightness between one of said series of images taken at a predetermined time and said
criterion brightness image by calculating brightness difference values each indicative
of a difference in brightness between each of the sample points in the image taken at



30. Il'evel with one anot her. A second exanpl e of the process
[ nce sanple |ines performed in the step P4

shown “mE described in detail hereinlater with

reference to Fig" 26 showing a flowchart gornmed by the steps P4A through

P4H. In the step P4A, fi rs? and second positive threshold

| evels THL and TH2 and 35 first and second negative threshold | evels TH3

and THA are ggd predetePdlined tﬁﬁ@aﬁdeaa@of the sathple g@fhts’iﬁi Sl critdton Blighitadis e

fromthe video canera toq, a,l ocat. h e roa corresponding to the
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di fference 503 lasumet ne a.tdldv | evel s. If the brightness difference
val ues are pY%‘&eé ggemsm aid difference image;
means for spatially differentiating said difference image to calculate

differentiation values respectively belonging to the sample points in said difference
10 image;

means for detecting, as edge sample lines, the sample lines which are situated
in the image taken at said predetermined time and each of which has a brightness level
having a difference larger than a predetermined level from one of two sample lines in
the direct neighborhood of each of the sample lines, on the basis of the differentiation

15  values of the sample points in said spatially differentiated difference image;

means for detecting, as presence sample lines on each of which the vehicle is
expected to be present, said difference sample lines and said edge sample lines; and

means for measuring the state of traffic congestion on the basis of said
presence sample lines.

20
47. A traffic congestion measuring apparatus for measuring a state of traffic
congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising:

25 means for setting a plurality of sample lines in said motion picture, each of

said sample lines being formed by a plurality of sample points aligned on a line
perpendicular to a direction in which said road extends, and each of said sample points
having a brightness level;
‘mean for detecting, as movement sample lines, the sample lines on each of
30 which the vehicle in motion is expected to be present in the image taken at a
predetermined time; and
. means for measuring the state of traffic congestion on the basis of said
movement sample lines.

35 48. A traffic congestion measuring apparatus for measuring a state of traffic
congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
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49. A traffic congestion measuring apparatus for measuring a state of traffic
congestion on the basis of a motion picture which represetits a road and vehicles
coming and going on said road and is formed by a series of images taken by a video

20 camera, comprising:

means for setting a plurality of sample lines in said motion picture, each of
said sample lines being formed by a plurality of sample points aligned on a line
perpendicular to a direction in which said road extends, and each of said sample points
having a brightness level;

25 means for calculating mean brightness levels each indicative of a mean of
brightness levels of the sample points situated on each of the sample lines in the image
taken at time t;

means for calculating mean brightness levels each indicative of a mean of
brightness levels of the sample points situated on each of the sample lines in the image

30 taken at time t+y, y being a positive time interval;

means for detecting, as movement sample lines, the sample lines which are
included in the image taken at said time t and in each of which the vehicle in motion is
expected to be present;

means for detecting, as prospective post-movement sample lines, the sample

35 lines which are included in the image taken at said time t+y and to each of which each
of the movement sample lines in the image taken at said time t is expected to be
transferred;
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the video canera, the difference sanple lines in any position can be

detected on an accuracy |level with one another.
50. An image processing method of processing an image taken by a camera and

representing an object and a background, comprising the steps of:
10 forming a criterion brightness image representing only said background;
calculating a difference image indicative of a difference in brightness between
said image and said criterion brightness image;
judging whether a brightness level of each of picture elements forming said
difference image is larger than a predetermined level or not; and
15 varying said predetermined level, which is utilized for judging each of the
picture elements, in accordance with an actual distance from said camera to an actual
location corresponding to a position of each of the picture elements in said image.

51. An image processing method comprising the steps of:

20 calculating a first difference image indicative of a difference in brightness
between an image at time t and another image at time t-o, o being a predetermined
positive time interval, and the image at the time t and another image at the time t-o
being contained in a series of images taken by a video camera;

binarizing said first difference image with a first predetermined threshold level

25  to form a first feature abstractive image containing only picture elements each having a

level of =0~ or “17; |

calculating a second difference image indicative of a difference in brightness
between the image at the time t and a further image at time t+B, P being a
predetermined positive time interval, and the further image at the time t+B being

30 contained in said series of images;

binarizing said second difference image with a second predetermined
threshold level to form a second character abstractive image containing only picture
elements each having a level of *0” or »17;
calculating a product of said first feature abstractive image and said second
356  feature abstractive image to form a product image;
varying o and B, which are utilized for discriminating each of picture
elements among said series of images, in accordance with an actual distance from said



A first exa of the process of detecting the edge sanple
I1 nes perfi“mll‘unll"llllllﬁ.ﬁ'Lstep P5 shown in Fig. 22 will be described in
detail her rence to Fig. 27 showi ng a flowchart
formed by tHe §teps P5a’ through P5k. In the step P5a, the
di fference i mage calculated in the step' 3 “shown in Fi g. 22 is
spatially differentiated with Sobel operators to calculate the spati al

ci {1 erent Lat o Lnal t55 RPRGh LAriDEnARET £ pBRIoN B ekBATL bRy

the step P5b, positive &
| evel TH2 anﬂelé‘e%é‘ilfl}e\}@agﬁfagﬁ’éﬁt Aol d | evel TH3 are determined in
accordance with an actual route distance fromthe video canera to a

| ocat kt h le Ii
The step Pobobe 1 onaties POeRHBedehbs AuRfiitg Ml oRps bES TL0 5P 2 Lipon
15  whether the smmangmqmrere&mn&mhdo@uu@ nnagertekqm aeamera ifoitwe on
the kth sampRuire @l%ment ébﬁdi@oﬂﬁﬁghme\éﬁe%lé G| ﬁchﬁyabmlﬁl dife ofiO1 .

| f the answer ive

5C IS 1IN t tep
e | eade. t oSBT slepisat Eroupt FonsoRat & pluly QR pisfars demeits, ahd e
negati ve " NGbthet b€ saidepichire dlenes groups eondigingPofia plnrdht;e of tsegonidS glicture
aj udgnent i sy mide upon whether the spatial differentiation value of
the nth sanp?e p0|ht on the kth 20 sanple_ line is snmaller than the
negat i velt hr eshol dealejatingrfigst pictysstelement rafiospaghindicativepd a ratio of theyfimtd | s

inthe affir euryelem%E& to dlIn6F thé 9&uﬁééldmﬁ§camhé@nﬁéa@n ofegndilldte bikanswer
in the step psért%aﬁ]é(tthe nea%gtlve "NO', the step P5d |eads to the step

-P5f . 1038 p5d | eads to the step P5e in which a
f | ag rel evant to tﬂntecthﬂg the candidatel Wogks escholmving:thet first piqphre dlémentimstiset to

" ON! condit| ?x‘ﬁ’ﬁﬁ t control proceeds to the step P5f.
By virtue of e st %@Q@S and o gel Q&Le steps, P5c through P5e are
r epeat ed 5Unt|I m i GArging said Bremterm’eeqléqy&uwmsmlwﬂmé for gdginaseachinidhen
P5e has the edndidate Blocks, ghdtordaied With ahetuapdisiante ftbifsaidesabiedd todih achlales of
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53. An image processing method comprising the steps of:

20 separating picture elements included in an image taken by a camera into two
picture element groups on the basis of brightness levels of said picture elements, one of
said picture element groups consisting of a plurality of first picture elements, and the
other of said picture element groups consisting of a plurality of second picture
elements; _

25 calculating first picture element ratios each indicative of a ratio of the first
picture elements to all of the picture elements contained in each of the candidate blocks
which partially forms said image;

detecting the candidate blocks each having the first picture element ratio
larger than a predetermined level; and

30 varying, in size, each of the candidate blocks in accordance with an actual
distance from said camera to an actual location corresponding to a position of each of
the candidate blocks in said image.

54. An image processing apparatus for processing an image taken by a camera and
35 representing an object and a background, comprising:
means for forming a criterion brightness image representing only said
background;
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10 55 An image processing apparatus comprising:
means for calculating a first difference image indicative of a difference in
brightness between an image at time t and another image at time t-o, o being a
predetermined positive time interval, and the image at the time t and another image at
_ the time t-at being included in a series of images taken by a video camera;

15 means for binarizing said first difference image with a first predetermined
threshold level to form a first feature abstractive image containing only picture
elements each having a level of 0~ or »1~;

means for calculating a second difference image indicative of a difference in
brightness between the image at the time t and a further image at time t+, p being a

20 predetermined positive time interval, and the further image at the time t+f being

included in said series of images;

means for binarizing said second difference image with a second
predetermined threshold level to form a second feature abstractive image containing
only picture elements each having a level of “0” or »17;

25 means for calculating a product of said first feature abstractive image and said

second feature abstractive image to form a product image; and

means for varying o and B, which are utilized for discriminating each of
picture elements among said series of images, in accordance with an actual distance
from said video camera to an actual location corresponding to a position of each of the

30 picture elements in the image taken at the time t.

56. An image processing apparatus comprising:
means for separating picture elements included in an image taken by a camera
into two picture element groups on the basis of brightness levels of said picture
35 elements, one of said picture element groups consisting of a plurality of first picture
elements, and the other of said picture element groups consisting of a plurahty of
second picture elements;
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means for calculating first picture element ratios each indicative of a ratio of
the first picture elements to all of the picture elements contained in each of candidate
blocks which partially forms said image;
20 means for detecting the candidate blocks each having the first picture element
ratio larger than a predetermined level; and
means for varying, in size, each of the candidate blocks in accordance with an
actual distance from said camera to an actual location corresponding to a position of
each of the candidate blocks in said image.
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In_the step P5A, the difference image cal cul ated i-n the step P2 shown in

F g. 22 is spatially differentiated with Sobel operators to calcul ate
the spatial differentiation val ues belonging to the sanple points,
respectively. 30 In the step P5B, first and second positive
threshold |l evels TH1 and TH2 and i $%t and second negative threshold

| evel s TH3 and TH4 are determ ned in accordance wi th an actual route
di stance fromthe video canera to a I%' &en t he road correspondi ng
to a position of the kth sarrplelineAI i"mage. Not e t hat

THA<TH3<0<TH <TH2. The reason why both of the positive threshold |evels and
35 the negative tQ %M&Gf%@ﬁbﬁoﬁfﬁré&ﬂﬁ%%lﬁﬁe%Gfitﬁﬁag%mﬁcﬂ eftth roiid
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lines assunecepai imapge dtedeh of whitht the vekicki is expéctédito Beppiesetit are detected as
G e enti P ERID LR LB R PRSP By bR ok e e SR
negati ve, t hibeyehicleiinmotion isrzgegted to bepaesent are detected as movement sample points.
Based on the movement sample points, are detected, movement blocks each formed by
part of the sample points adjacent to one another and including part of the movement
10  sample points. A ratio of the movement sample points to all of the sample points
contained in each movement block is larger than a predetermined level. The presence
sample points excluded from the movement blocks are detected as congestion sample
pints. Based on the congestion sample points, are detected, congestion blocks each
formed by part of the sample points adjacent to one another and including part of the
15 congestion sample points. A ratio of the congestion sample points to all of the sample
points contained in each congestion block is larger than a predetermined level. Based
on the congestion blocks thus detected, the state of traffic congestion on the road is
measured.



differentiati on values cancel each other. In addition, the results of the

pr ocessing are | iable to include noises. The cancell ati on and noi ses
are liable to result in the fact that 5 there are produced inaccurate
measurenent results. In order to prevent such inaccurate measur enent

results from bei ng produced, the positive spatial differentiation val ues
are thresholded with the positive threshold |level, while the negative
spatial differentiation values are 24%§holded wi th the negative
threshol d | evel. In the st 5C, is calculated a nean val ue
PMindicative of a nmean of the 10 spat. al ilfferentiation val ues whi ch

bel ong to the sanple points, respecti ydl n the kth sanple |Iine and
each of which exceeds the first positive threshold level THL. In the

step P5D, is calculated a nean value NMindicative of a nean of the spatial
differentiation values which belong to the sanple points on the kth sanple

i ne and each of which is smaller than the first negative threshol d
| evel TH3. 15 The step P5D leads to the step P5E in which a
judgnment is made upon whet her t he nean val ue PM exceeds the second
threshold level TH2 or not. If the answer in the step PSE is in the

affirmative "YES', the step P5E | eads to the step P5G If the answer _
inthe step PSEis in the negative "NO', the step P5E |l eads to the step P5F
in which a judgnent is made upon whet her the nmean r
than the second 20 negative threshold level TH4A or n )ﬁéﬁﬁ %ﬁ@h@%ﬁiefn
the step P5F is in the affijmative "YES', tB86 Eﬁﬁa\é&?%nﬂ?ﬁﬁ q
step P5G in which the kth sgnple line i detected as He—eage— e

line. If the answer in the ptep PSF i ivef"NO', the step
P5F | eads to the step P5H. By virt jgfﬂ; dSEﬁBlthe st eps P5B
t hr ough P5G are repea ed unti | equ bs Coapsdli ti on of the
steps P5B t hrough P5G qS s2p the ef f"detlecti ng al | paftdrhg edge
sanple lines included im onptraffic | withijn the
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measur enent area. In the step P5B, the first and second
positive threshold | evels THL and TH2 may be determ ned as descri bed
bel ow. The first and second positive threshold |evels TH1 and TH2 used
for judging each of the sanple |lines may becone snaller as an 30 actual
route di stance fromthe video canera to a |l ocation on the road

corresponding to a position of each of the sanple |ines becones
| arger. Reversely, the first and second/44 negative threshold |evels TH3
and TH4 used for judging each of the sanple |ines may becone | arger as
t he actual route distance fromthe video canera to the | ocation on the
road corresponding to the position of each the sanple |ines becones
larger. If the 35 threshold |levels THhil are determ ned in accordance
with the foregoing actual . route distance fromthe video canera, the
edge sanple lines in any position can be detected on an accuracy |evel
wi th one anot her. - 42
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The process of detecting the presence sanple lines perforned in the step P6
shown in Fig. 22 will be described as follows. Both of the difference
sanple lines detected in the step P4 and the edge sanple |ines
detected in the step P5 are detected as the presence sanple lines. 5
The process of correcting the presence sanple lines on the basis of the
arrangenent of thereof perforned in the step P7 showmn in Fig. 22 will be
described in detail hereinlater 3yaq reference to Fig. 29 showing a
flowchart fornmed by the steps P7a through P7m The first half of the
correction process formed by the steps P7a through P7e intends the
unnoti ced presence sanple lines caused within i mage zones 10 respectively
representing vehicle bodies to be corrected. The second half of the
correction process fornmed by the stepsiéy ;Egough P7m intends the
m st akenly detected presence sanp k caused within i mage zones
each representing no vehicle body to be corrected. I n
the step P7a, a threshold level THL is determned in accordance with an 15
actual route distance fromthe video canera to |ocations on the road
respectively correspondi ng to posi2iled4 of the kth and (k+l)th
presence sanple lines. _In the step __ _PIb,_the sanple lines between the
kth and (k+l)th preseﬁEe sanp?e | i nes are counted. 1 The step
P7b is followed by thg step P4jc in mhichsa determ nati on i s lmde 50 upon
whet her the counted nymber eylines is snzller tHan the)
threshold | evel 20 JHL o > r Hﬂ +Hhe—st+ef 7CRbfebﬁn h
affirmative "YES", thg stepSterage Display |t o |tTransmitingig h:r' LA
erjtnit sg nql eg,%itnes ar
detected as the preserce sa r I neS and added TOAM NE previ,o n
detected the presence lsanple Illnes _1f tlhe answer iln the stgp P7c is in the
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"NO', the step P7c leads to the step P7e. By virtue of the steps P7e and
P7f, the steps 25 P7a through P7d are repeated until k is equal to K The

repetition of the steps P7a t hrough P7d has the effect of correcting
all of the presence sanple |ines which are i ncluded in one of the
traffic | anes on the basis of the arrangenent of the presence sanpl e
| ines detected in the step P6 shown in FIG 22. If the

presence sanple lines detected in the st4/4#6 are positioned as shown in 30
Fig. 30(a), the nunber of the sanple lines between the kth and (k+l)th
presence sanpl e lines is as foll éFween the first presence
sanple line or the uppernost presence * danple line in Fig. 30(a) and

t he second presence sanple line, there, and between the second and
third presence sanple lines, there is ng_sanple line. Between the third and
fourth presence sanple lines, there ar¢ Stgptspnple lines in a range L1.

Between the 35 fourth and fifth presen le lines, there is no sanple
line. Between the fifth and _ Stxth—presence—sqanpl e lines, there are
five sanple lines in a range L2! |fetetbampe Pointh and seventh

presence sanple lines, there are Seven saﬂ@Lg_LLnQiJJLgLigumﬁLL3. Bet ween
REPLACEMVENT SHEET
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-, 43 - the seventh and ei ghth presence sanple |ines and between the

et ght h and ninth presence sanple lines, there is no sanple |line. Wen,
therefore, the threshold | evel TH1 is determ ned to be equal to 3 and
constant, only the two sanple Iines in the range L1 are detected as

the presence sanple lines and added to the previously detected 5 presence
sanple lines as understood fromFigs. 30(a) and 30(b).
Returning back to Fig. 29 of the drawings, the step P7e is followed by the

step P7g in which the presence sanpl egl/igapes are classified into a
plurality of |ine groups. Each of the [ine groups contains a series of
presence sanple |ines and never include other types of sanple I|ines.
In the step P7h, the threshold |evel TFE;Q d forjudging 10 the rth
line group is determined in accordance ctual route distance from

t he vi deo canera-to-g location. g
of each of the I|ilmage dr 16415e

contained in theg égm"he e |g htRAES

P7i leads to the [ gghsat e :

count ed nunber of ne pr esepit@YSanpl p | I'Rg s g hoId
| evel TH2 or not b‘ fofEnca SHeT I n the Dﬁ% IS I'W ﬁhgggé |rmat|ve
"YES ", the step P7] lesds to the step P i ' which aN, o

presence sanple lines conNai#€d in the rth HaneMfroug are mnated.

If the answer in th 5@@& rz% (g*en t he neggFirge NO, t QMPj | eads

to the step P7 Y~ Vi t he stepppitfdretite [P7M Differéhesls P79
t hrough P7k are repeated 20 until r is equ;ELdggR. +o mm%be ?% t he
total nunber of the line grpGpstisbnt ai ned i bq
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of. the traffic lanes within the neasurenent area. The repetition of the
steps P7g t hrough P7k has the effect of further correcting all of the
presence sanple |ines included in one of the traffic |anes on the
basi s of the arrangenent of the presence sanple lines corrected in
the step P7d. 25 If the presence sanple lines detected after the
step P7d are positioned as shown in Fig. 30(b), the nunmber of the
presence sanple |lines of the rthlirnaé%ﬁgp is as follows. In the
first line group denoted by L4, there *dré"seven presence sanple lines. In

t he second line group denoted by L5, there is one presence sanple
line. In the third line group denoted by L6, there are three presence
sanple lines. Wen, therefore, the 30 threshold level TH2 is deternmined to
be equal to 3 and constant, the presence sanple | ines of the second.
line group denoted by L5 are canceled as shown in Figs. 30(b) and

30(c) The threshold | evels THL and TH2 determined in the
steps P7a and P7h may be equal F?Q hﬁnunber of the sanple |ines
correspondi ng to quarter of the length " ah 35 average vehicle
represented in the inage. As a result, the threshold levels THL and

TH2 forjudgi ng each of the Ll as an actual
rout e di stance fron the video on the road
corresponding to a positipn of each

~71

°: Sample Point



-44- the Iine groups becones |arger. The reason is that the vehicle

represented in the inmge beconmes snualler as an actual route distance.
fromthe video canera to the vehicle beconmes larger. Wile, the
threshold I evels THL and TH2 may becone |arger as the actual route

di stance fromthe video canera to the location on the road corresponding to
5 the position of each of the |ine groups becones snaller. The reason is

that the vehicle represented in the i nage becones | arger as the actual
route distance fromthe video canefA440 the vehicle becones snaller.

If the threshold |evels THL and TH2 are determned in this way, the

m stakenly detected presence sanple lines in any position and t he
unnoti ced presence sanple lines in anﬁFgg l70n can be elimnated and newy
10 detected, respectively, on an acc |I*evel with one anot her

i ndependently of the actual route dlstance fromthe video canera.

An exanpl e of the process of correcti(j‘i"?:ﬁresence sanple lines on the
basi s of the arrangement of the W=etefnice sanple lines, perforned in

e described in detail hereinafter
steps P8a

the step P8 shown in

with reference to Fi
g esheld LevelFHb{genent of the

t hrough P8i. The g&@
di fference sanple ne Ba%edfﬁrﬁpdﬁdldmoﬁEaéh Sahiplé Poist pr esfence sanpl e
| ines which are detecte¢d by m staking shadows _of the vehiclles and buil di ngs

for the vehicles. More specifically, the difference sanple lines are
sinply detected depepding. upon a difiference in brightness between the

sanpl e point i maggztbaken At Rdrenation of Sample Point Image
Corresponding to Image at Time t,,

Fig. 22, will

S2c Calculation of Difference Image

Update of Criterion Brightness Image

S2d for Image at Time t,,4

S2e Spatial differentiation of Difference Image

S2f Binarization with Threshold Level TH1

S2g Detection of Sample Point Having Level
of "1" as Presence Sample Point

End



20 tinme t[err] and the criterion brightness inmage, so that inmage areas

representing the shadows of the vehicles and the shadows of the
bui | di ngs suddenly produced due to a sharp variation of sunlight are
|iable to be detected as the presence sanple lines. For this reason,

the presence sanple lines mstakenly detected owing to the shadows of the
vehicles and buildings are required to be corrected on the basis of the
arrangenment of 25 the difference s | i nes. In the step
P8a, are detected |line groups each formed by a series of difference

sanple lines and including no edge sanple line. The reason why the |ine

gr oups i ncluding no edge sanple line are required to be detected is
descri bed below. In general, edges in the inage areas representing
~shadows can be scarcely detected. Int ,ﬁdi tion, brightness |evels of the
sanpl e points positioned in the img 2] representing shadows are
relatively small. As a result, no edge sanple line is usually det ect ed
in the i mage areas representi ng shadows. This nmeans that the inage area

i ncludi ng edge sanple |lines may epresent no shadow. In the
step P8b, the threshold Ieé%?négﬁqggggh?g? judging the kth |line group
is determ ned dependi ng 3 ~eH-5t ance fromthe video
camera to a location on tlhe re0ad e e correspendéengjto a position of the
kth line group. In the stiap R8bs the & hreeskol d | eval TH2 is al so

determ ned. The threshol q J eyel ¢ THR IS lephesgntatige of a -certain
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- .45 - brightness level. In the step P8¢, the difference sanple |ines
contained in kth |ine group are counted. The step P8c is
foll owed by the step P8d in which a judgnment is nade upon whet her the
counted nunber of the difference sanple |ines exceeds the threshold |evel

5 THL or not. If the answer in the step P8d is in the affirmative "YES",

the step P8d | eads to the step P8e. In the step P8e, is calculated a
mean val ue BMindicative of a gy of the brightness |levels of the
sanple lines which is in the sanple point inmge taken at the tine

t[err] and which corresponds to the difference sanple |ines contained in
the kth line group. If the answer in the step P8d is in the negative "NO',
the step P8d 10 |l eads to the step P8h. The step P8e leads to
the step P8f in which a judgnent is made upon whet her t he nean val ue
BMis smaller than the threshold level TH2. If the answer in the step

P8f is in the affirmative "YES", gg ste P8f |l eads to the step P8g in

whi ch t he presence sanpl e lin | sponding in position to the

di fference sanple lines, 15 respectl contained in the kth |ine group
are elimnated. If the answer in the step P8f is in the negative "NO',
the step P8f |eads to the—step—PSh—By—vi+tue—ei—ihe steps P8h and
P8i, the steps P8b throuph P8g ere repeated until k|is equal to K The
repetition of the steps P8b shreugh P8i has the effé¢ct of correcting all of
t he presence
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sampte lines contained in one of the traffic |lanes within the neasurenent
area, on the 20 basis of the arrangenent of the difference sanple I|ines.
The threshold | evel TH1 determ negdAipa—the step B lmay be equal to the
nunmber of the sanple |lines correspOHth S@EETohqaﬁ@r of the length of an

average vehicle represented fn tfuﬁﬁﬁh&@%ﬂ As result, the threshold

| evel TH1 for judging each of the I'Tne groups nmay becone snaller as an
actual route distance fromthe video c?thq to a 25 location on the road
corresponding to a position of each of e line groups in the inmage

beconmes | arger. ‘The reason is that thqeyeh e represented in the inmage
becones smal |l er as an actual route&?di stance fromthe video camera to

t he vehi cl e becones | arger. Wi Eﬁ threshold | evel THL may becone
| arger as the actual route distance the video canera to the

| ocation on the road_cof~espond —HOS -6 f the 30 line
groups in the i mage 93aphidsion:0f SampleRoinsdmage inte MZones ehicl e
represented in t hes geTr—astieagrtat—Tout e di st ance

fromthe video canera e = 0°27870) , he threghol d
| evel THL is det erS8in¢ qﬁﬁzﬁl ﬁ;rtlgggggﬁiép%?nﬂ%ﬁg%%ﬁ | i nes

m st akenly detected d 0 2 TR e th%(ﬁmlim'nap Qn 2

accuracy level_with one another inﬁﬂpﬂn&enLLyﬁgL—Lhe—asLuaL—LeuLe—d7st1nce
fromthe 353cdi Bexmationrof Sample Point Imagesiat pimest;s toie ganthtimd . he
movenent sanplepormts performed rm tnejstep P9 shown 1Tn Frg. 22 wll

be described in detalTCHEaRtON 6F FFACDH ferenge ZoheImeitativéiof
S3d Difference between : ] ]
The mth Zone of Sample Point Image at Time t, and
The mth Zone of Sample Point Image at Time t,-a

53¢ | Formation of First Feature Abstractive Zone
by Binarizing First Difference Zone with Threshold Level TH1

l — _
Calculation of Second Difference Zone Indicative of
Difference between : i _
S3f The mth Zone of Sample Point Image at Time t, and
The mth Zone of Sample Point Image at Time - 8 ,,

S3g | Formation of Second Feature Abstractive Zone
by Binarizing Second Difference Zone with Threshold Level TH2

S3i | mem+1

g3j | Formation of First Feature Abstractive Image
J by Combining All of First Feature Abstractive Zones

S3.k Formation of Second Feature Abstractive Image
by Combining All of Second Feature Abstractive Zones

g3| | Formation of Product Image of First Feature Abstractive Image
Multiplied by Second Feature Abstractive Image
I .
S3m | Detection of Sample Point Having Level of "1" in Product Image
as Movement Sample Point
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.46 - flowchart fornmed by steps P9a through P9g. In
the step P9a, the novenent sanple points are detected. Since the detection
process is described in detail in the aforesaid first enbodi nent with
reference to Fig. 10, the description of the detection process will be
omtted herein with the intention of 5 avoi di ng the repeated

descri ption. In the step P9b, a threshold | evel TH1 used for
judging the kth sanple line is determ ned on the basis of an actual
route distance fromthe video camera tq{g44cation on the road
corresponding to a position of the kth sanple line. In the step P9c, the
novenment sanpl e poi,nts on the kth sanple line arée counted. "10

The step P9c is wol} owed by the step P9d in which a judgnent is made upon
whet her the coun&ed nunber of the movenent sanpl e points exceeds the

t hreshol d Ilevdl THL or not. If the answer in the step P9d is in the
affirmative "YES', |{the step - P9d leads to the step P9e in which the kth
sanple line is gqct g nmovenent sanple line. If the
answerinthe step_P9d i tthe¢ negative "NO', the step P9d leads to 15 the
step P9f. The stepq PY d|P%g cause the steps P9b through P9e to be

r epeat ed untilf k| gall \o K. The repetition of the steps P9b

t hrough P9e has thqg effect of N
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detecting all of the novenent sanple lines contained in one of the traffic
l-anes within t he neasurenent area. The threshold | eve
THL in the step P9b may be determ ned as follows. The 20 threshold | evel
TH1 for judging each of the sanple |lines may becone smaller as an

~actual route distance fromthe video canera to a |location on the road
corresponding to a position of each of the sanple |ines becones
larger. If the threshold level THL is 4 varied in accordance with
the position of each sanple line, the novenent sanple |ines in any
position can be detected on an accqute | gv wi th one anot her

i ndependently of 25 the actual rout Igjan e fromthe video canera to the
| ocation on the road corresponding to the position of each of the
sanpl e lines. _ An exanpl e of the process of correcting the
presence sanple |ines perforned in the step P10 shown in Fig. 22 in
accordance with the arrangenent of the novenent sanple lines will be
described in detail hereinafter with reference to Fig. 33 showing a 30
flowchart fornmed by steps PlOa thFipggh Pl 0g. Tecord recti on process based

on the arrangenment of the nmygupat sanpl gdgtgps is performed with the
i ntention of conpensatingA&Eﬁr tﬁ&pnceFaﬁgﬂl iikpes which are omtted
Wi i n

in the steps P7a through P7f 'Oim and which are | ocated
within an inmage area representin&"é ehicle 8dy. If, nore
specifically, there is a vehi o the road favimg q body inage which 35
forms a small contrast with tHel 8§88 ter]on bri ghtness}i mage and within which
t he variatiop in br'zght ngsp®Peeesnpl |, the¢ psasepce of the vehicle can
be scarcely det ect¥@VWRY £ON€ fne &3&f ef ence sanp@ | I nesSamphsiBeiranpl e
lines. The omtted detection daphnot be $22|  Having Level
. of II'I n
Intermediate Zone

Neighboring Zone W
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- 47 - conpensat ed t hrough the foregoing steps P7a to P7f. Since

there is a possibility that the presence of the vehicle thus omtted
can be detected as the novenent sanple |ines, the onitted present
sanple lines are conpensated on the basis of the arrangenent of the
novenent sanple lines. 5 . In the step Pl0Oa, threshold levels TH1
and TH2 for judging the kth and (k+l')th presence sanple lines are

det erm ned dependi ng upon at | east ggf two act ual route di stances,
one of the two actual route distancds’ ng fromthe video canera to a

| ocati.on on the road correspondi ngl:ig apgition of the kth presence sanple
line in the I mge, and the ot’heé¥of e two actual route distances

being fromthe video canera to a 10 |ocation on the road corresponding to
a position of the (k+l)th presence (sgpgie)l ine in the i mage. Note that
TH1<TH2 and that the threshold |eve n the step P10a may be equal
to that in step P7a | - nrgshold | evels THL are
equal to eadtdaf Eeég?%%ag%ﬂaﬁgﬁéﬁg%%ﬁ@%ﬁ%ﬁo&gén t hrough steps Pl Oa
to PIOg can be |imt¢ 0_the om§ ed presence sdnple lines which

cannot be conpensated_through the stegets—Pra~—to—PH —thereby making—ity
possi bl e to prevent yfRiteeminstionof BioclkoSixeeands from

S4b | Threshold Level TH1 Based on Distance
from Video Camera to Candidate Block

S4 Calculation of Ratio of Move'r;Ient Sample Points to
€| Sample Points in Candidate Block

S4d

Ratio of Movement Sample Points
to Sample Points in Candidate Block Is
Lager than Threshold Level TH1?

Sqe |Petection of Candidate Block
s Movement Block

|

S4f
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Block Is Positioned ‘

at Right End 2 '
Shift of Calculation Start Point
Y S49| of Candidate Block to Right Side

S4h
Shitt of Calculation STITPOINTof | | B Graarale Poce®

Candidate Block to Left End of
Sample Point image

S4i
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\ .
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bei ng perfornmed and prevent essential correction processes from being

oM tted. In the step Pl b, are counted the sanple |ines
between the kth and (k+l)th presence sanple lines. In the step Pl Cc, a
judgnment is made upon whet her the counted nunber of the sanple |lines

is equal to or larger than the threshold level THL or not and 20 snaller
than the threshold I evel TH2 or not. If the answer in the step PICc is in

t he affirmative "YES', the step /gﬁ.leads to the step PIQd. If the
answer in the step Pl Cc isin t%é egative "NO', the step Pl Cc |eads
to the step PIOf. The step PICc leads to the step PIOd in

whi ch a judgnent is nmade upon whet her there is at | east one novenent

sanple line between the kth and (k+IFﬁEL?51f$resence sanple lines or not.

If the answer in the step PIOd is in rmative "YES', the step
PIOd leads to the step PlOe. In the step Pl Ce, the sanple lines

i nter posed between the kth and (k+l)th presence sanple |ines and conpri sing
t he novenent sanple line are neW@*H ggﬁtgg éhe presence sanpl e

| i nes .and added to the previ ousl presence sanple lines. If
the answer in the step PIQd is in the egative "NO', the step PIO0d

| eads to the step PIOf. By virtue of e styps PIOF and Pl 0g, the
steps. Pl Oa through Pl OGe are rgepemnt upti b ke s equal to K. The repetition
of the steps Pl Ca through ect of correcting

.
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- 48 - all of the presence sanple lines in one of the traffic |anes

| ocated within the measur enent area, on the basis of the arrangenent
of the novenment sanple |ines. The presence sanple lines and
t he novenent sanple line obtained in the steps P8 and P9 are

positioned as shown in Fig. 34(a), the nunber of the sanple lines 5
between the kth and (k+1)th presence saggl lines is as follows. There is
no sanpl e | i ne between any two adj Kﬁﬁg presence sanple |lines of the
first or uppernost through the seventh presence sanple lines. There
are three sanple lines between the seventh and ei ghth presence sanple
lines, i.e., in a range denoted by "L7". There is no sanple l'ine

bet ween any two adj oi ni ng presence sanple lines of the eighth through tenth
10 presence sanple lines. There are six sanple |lines bgtween the tenth and
el eventh presence sanple lines, i.e., in a range ﬂgnoted by L8. There
is no sanple |ine between any two adj oi ni ng presenge sanple |ines of
the el eventh through fourteenth Rregen S lg li'Bes. In the
meantime, there is one nnéznﬁét Qan%leefiﬁ% f% ?ﬁg ?angE L7 and t here
is no novenent sanple linginpthg rangg LS Id, é&hexef oBe, the threshold
level TH1L 15 is determned to be equal to 3 and be congtant and threshol d
level TH2 is determined ta@® ©O ©be equal tm Oand bé caBstant, the sanple
lines in the range L7 are newy detected as the pr@sence sanple |ines
as shown in Figs. 34(a) arf 3@(bP. © © O O & nkthePstep Pl Ca, the
threshold levels THL and TH2 nay _be deternmined to be © equal to the
nunber of the sanple Iineé’cd?regpoﬂdiﬁb o) é’quﬁrtgr éﬁd a half,

O O 0O 0 O O O O & &
©O 0 0O 0 0 0 0o 0 O

© 0 0 0 0O 0O O 0 o

Fig. 15

O O 0O 0O 0O O

O O O

.
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: Movement Block

o : Sample Point except Presence Sample Point

A

O O @ ¢ @ ¢ @ O
e : Presence Sample Point

.

o O

O O O
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20, respectively, of the length of an average vehicle represented in the

i‘mage. As a result, the threshold | evels THL and TH2 used for judging
the sanple |lines between the kth and (k+l)th presence sanple |lines nmay
becone snaller as an actual route distance from the video canera to a
| ocation on the road corresponding to a position of the kth or (k+l)th

of the presence sanple |ine becones larger. The reason is that the vehicle
25 represented in the inage beconeaﬁiaﬁtler as an actual route distance
fromthe video canera to the v C beconmes larger. Wile, the
threshold levels THL and TH2 may I[: béﬁﬁe | arger as the actual route

di stance fromthe video canera to Ilngl 0 i on on the r oad
corresponding to the position of the kth or (k+l)th of the presence sanple
line becormes smaller. The reag08tat Dhat the vehicle represented in

t he i mage becones 30 l|arger as the™aqrual route distance fromthe video

canera to the vehi cl mﬁlcul ioﬁ;l'ﬁﬁé in'tTatt thrleshol d | evel s TH1L and

TH2 are det er ni ne96a Iy Bfrs Point nce sanple |ines can
be newl y detected on alﬁ atiréur ag\(/) g';/e, W t eor?e an fgi r i ndependently .

of the actual route distance fromthe kSrerTaners Frog—357

shows the nesh secti ¢rietenmination lof BleclkSimaiandent arda divided in 35 thg

step P11 shown i nSébg THr2shalllbevd! THE Based oreDistaneerfay becone | arger in

| ongi tudi nal | ength 3from MideoaCameva ¢odandidate Blaok tlhe vi deo canera to 3

| ocation on t he To0a P e

sections In §€ | CElealaRR:IPOFRatio of Congestion Sample Points to
€l Sample Points in Candidate Block

Sed

Ratio of Congestion Sample Points
to Sample Points in Candidate Block Is
Lager than Threshold Level TH1?

S6e Detection of Candidate Block
as Congestion Block

L

S6f

Candidate
Block Is Positioned
at Right End ?

)

Shift of Calculation Start Point
of Candidate Block to Right Side

Sé6h
Shift of Calculation Start Point of gsg'g%:rg‘gtg{,?:? ©

Candidate Block to Left End of
Sample Point Image '

S6i

Candidate
Block Is Positioned
at Lower End ?

w
Shift of Calculation Start Point of
S6j | Candidate Block to Lower Side

of Sample Point Image

by One Sample Point




- 49 - smal ler. If the size of each of the nesh sections is thus

‘det ermi ned dependi ng upon the actual route distance fromthe video
camera to the location on the road corresponding to t he position of
each of the nesh sections, the nesh sections respectively represents

actual road sections mhlch are substantially equal in size to one another.
5 In the step P12 shown in Fig. 22, the spatial density of each
of the mesh sections is calculaffﬂ42y an equation descried bel ow

D(m = PSL(m / TSL(m ... (vi) 10 wherein D(m is
a spatial density of the nth nesh section, PSL(m is the nunber of the
presence sanple lines included in the mh nmesh section, TSL(m is the total

nunber of the sanple lines contained in the nth mesh section. If the
presence sanple lines are EIQ ntdfas shown in Fig. 35, the spatial
density of each of the nmesh secti A ar ke fas foll ows. The spati al

density of the nmesh section denoted by ML is 33% the spatial 15 densities
of the mesh sections respectively denoted by M, M3 and M4 are 100% the
spatial density of the mesh section oEﬂmmqhdwaMSlouge 75% the spati al
density of the ~ mesh section de ed by Mb is 0% and the spati al
density of the nmesh section denoasﬂggt by M7 is 80%

o «w 0 0 O O

o 0 0 0 o O

70550 °

///f//%/

Z
! 4{///{7/9/7 (Threshold Level : 45%)

# : Congestion Sample Point

"h.

o : Sample Point except Congestion Sample Point

: Congestion Block



In the step P13 shown in Fig. 22, the ratio of the |arge-sized vehicles to
all of 20 the vehicles is calculated in a manner descri bed bel ow.
By the follow ng equation, is firstly calculated a ratio Rt of the

| ar ge- si zed vehicles to all of the vehicles which are lying in the
traffic fl ow nmeasurenent area F shown in Fig. 21 for a predeterm ned
time such as 5 or 10 mnutes. 25 Rt = NL / NT

(vii) wherein NL is the numbdB/#41 he | ar ge- si zed vehi cl es
passi ng over the sense |line DL shown in Fig. 21, and NT is the nunber
of all of the vehicles passing over the sense |ine DL. In the traffic

fl ow neasurenent area F shown in Fig. 21, not only the nunber of 30
vehi cl es passing over the are F is detected but al so the vehicles passing

over the area F are judged to be large-sized or average-sized. The
ratio Rt is cal cul ated dependi ng upon the results of the detection and
t he judgnent. In the 51f Plﬁ Sromn in Fig. 22, the inter
vehi cl e gaps of the vehicles are l.cl@ ed as follows. The inter

vehi cl e gaps of the vehicles can be scarcely neasured 35 directly
dependi ng upon the inmage information fromthe video canera. For this
reason, in practice the velocities.o e vehicles or the nunber of

t he passi ng vehicl es per pr edet =4 me are substituted for the
inter vehicle gaps because of the fact~thg he

S7a Detection of Area Occupied by Congestion Blocks
in Each Traffic Lane as Traffic Congestion Range

Transformation of Traffic Congestion Range
in Each Traffic Lane to Distance (meter)
S7b | between Video Camera and Traffic Congestion Range

Correction of Traffic Congestion Range

by Eliminating Abrupt Variation thereof as Noise and
S7¢ | by Smoothing Traffic Congestion Range on The Basis of
Profile indicating Past Traffic Congestion Range

End



- 50-- velocities of the vehicle or the nunber of the passing

vehi cl es per predeternined tine are expected to be in proportion to
the inter vehicle gaps. In the step P15 shown in Fig. 22; the
spatial densities are corrected depending upon the ratio of the

| ar ge-si zed vehicles to all of the vehicles and the inter vehicle gaps 5
in the follow ng manner. The correction process based on the ratio of the

| ar ge- si zed vehicles to all of tpglgghicle is perforned with the
intention of correcting the spati al ensities cal cul at ed dependi ng
upon a seem ng vehicle presence space. If the vehicle shown
by a hatched area shown in Fig. 36 is a | arge-sized vehicl e, the

- seem ng vehicle presence space seeEy Y %gcupied by the vehicle is 10
extrenely larger than an actual ve Jgie 1r sence spaces shown by the
hat ched area. The spatial densities based on the seem ng vehicle
presence area are corrected in the present st ep P15. | f
t he average hei ght and average length of all of the vehicles is represented
by ha and | a, respectively, which are cal cul ated by equati ons defined
PRES -1+5( 1-R)X I's ha_B&dﬁﬂ.{i‘t’fe Betiean TRAR Lanes - (v

7N\

Traffic 7 / 4 Traffic
Congestion Range % , Congestion
after Correction Range
77\ after Correction

/) : Area Occupied by Congestion Blocks




wherein hL is the height of the |arge-sized vehicle, hs is the height of
t.he aver age-si zed 20 vehicle, I[err] is the length of the |arge-sized

vehicle, and Is is the length of the average- si zed vehi cl e.

As shown in Fig. 36, the vehicle represented by the hatched area nmakes a
hiding area I h defined by the follomnng equation. 25 lh = ha x
L/ (Hha) oo (x) wherein His a height froma road
surface to the video camera and L is a distance from t he video canera
to the forward end of the |arge-sized vehicle. By the

following equation with Ih and la, i3q0galgcul ated a correction coefficient
30 Re which are used for correcting the seem ng vehicle presence space to
t he act ual vehi cl e presence space. Re =la/ (la+lh)

(xi) 35 The nunber, the types such as Iarge-sized t ype and
aver age-si zed type, and the | engt hs of the passing vehicles can be
neasured in the traffiq flow neasyrenent area F shown in Fig. 21 as
descri bed herei nbefore Based on tihe results of the neasurenent in
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coefficient

coeffi ci ent
nmeasur enent

the traffic flow neasurenent area F, the correction
Re may be cal culated. In addition, the correction

Re thus cal cul ated may be used for correcting the

result in part of the spatial neasurenment area E that does not

| ap on the traffic flow neasurenent area F. In the traffic flow
nmeasurenent area F, since the 5 1244 of each individual vehicle can be
directly measured, the correction coefficients may be cal cul ated for
each individual vehicle. If the inter vehicle gaps are
relatively large, the correction cgefficient Re may be used as it
I f, however, the inter vehicle gape| .pZEQFatively small, i.e., if the
vehicles represented in the inage taken by the video canera are overl appi ng
with one 10 another, the correctiQ%ngoefficient Re cal cul ated by the
equation (xi) is required to be I npogped. Specifically, th
correction coefici |

iS.

he val ue
In

cal cul ated by

Pontquati or3@m )

s the inter vehicle gaps beconejl arger.

addition, the Re may be set nore approxinmately to
"1" as the sSTrEr e 15 [Tn the
spatial neasurpenent |EKr&a E Xth fRrCT' congesti on fFreasuri ng uni

cannot derive fraffijp/d rgmAge ' | carner a.
If, therefore, = N

B NN




the-.inter vehicle gaps are relatively small, i.e., if the vehicles
‘represented in the i mage taken by the video canera are overl appi ng

wi th one another, the traffic congestion measuring unit cannot detect
the inter vehicle gaps. For this reason, other neasurenent 20 val ues
varied in proportion to the inter vehicle gaps may be substituted for the

I nter vehi cl e gaps. The ot her neasurenent val ues include, for exanple,
the foll owi ng spati al vel ocities agMIzp nunber of the passing
vehi cl es per predetermned tine detected In the traffic flow

nmeasurenent area F. Specifically, thj:ﬁqﬂr?gon coefficient Re may be
set nore approximtely to the value ca by the equation (xi) as the
spatial 25 vel ocity becones |arger. As the spatial velocity becones

smal l er, the coefficient Re may( Btarte) nore approximtely to "1",. On
the other hand, the correction coeffiTrIrg Re may be set nore

approximately to the value cal cul ated by the equation (xi) as the

nunber of the p [ vehl . ¢r of the

passi ng vehi cl e?ﬂs Iq%;{%?%%%r mﬁéﬁbég ,b@gm;i ent Re|may be
set nore approxi mat ¢l . P n Step P15 shown|in Fig.
22, the spatial density | srept+ectea—y—Aprttptyng t he spati al
density of each nesRZsecti )ﬁ%@mgﬁ@n(ﬂrmé&rﬁﬂﬁeéﬁ@aﬂ cient Re cal cullat ed
and corrected in the—eregorRg—raRrtet- The procegds of
cal cul ating the spanal Jdpdate pE6rivenon Brghtness hmageaf i ¢ corlgest i on
measuring unit 82 wigld bg sgmﬁWkrence to Fig.| 37 35
showi ng a flowchart Hflor nHQeERCUGR R erencs aample Line 'l the

, th I ' i Ay ' e '
?teggecqt i vteI§ fgrkrgnegsmt |n$re ttreé*:éﬁrabn(?f E’?gﬁgg@ E]uﬁ?[‘ul tmra\ge-:tep Q, s

calculated, line bright NeSEere tion of Presence Sample Line

o

Correction of Presence Sample Line ]
P7 | on The Basis of Arrangement of Presence Sample Lines

pg |Correction of Presence Sample Line )
on The Basis of Arrangement of Difference Sample Lines

P9 | Detection of Movement Sample Line

p1o |Correction of Presence Sample Line ]
on The Basis of Arrangement of Movement Sample Lines

P11 Division of Measurement Area
into Mesh Sections

p12 | Calculation of Spatial Density in Each Mesh Section at
Time t, on The Basis of Presence Sample Line

P13 Calculation of Ratio of Large-sized
Vehicles to All of Vehicles at Time ¢,

P14 Calculation of Inter Vehicle Gap at Time t

P15 | Correction of Spatial Density on The Basis of Ratio of
Large-sized Vehicles to All of Vehicles and Inter Vehicle Gap

- ]
P16 | nen+l1
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of the sanple points on

i mage.
fromthe sanple

detecting the novenent sanple lines is
so that the description of the
be omtted herein with the intention of avoiding the repeated
are detected as

fl owchart shown
process wil |l

description thereof. -

mean val ues each indicative of a mean of the bri ghtness | evel s
each of the sanple lines for each sanpl e point

In the step @B, novenent sanple lines are detected

poi nt

in Fig. 32,

I n the:§3¥héy,

i mage taken at the tinme t[err].

The process of

5 shown by the foregoing

det ecti on

post - novenent sanple lines, the sanple lines in the i mage taken at the
time t[err]+y, to which the novenent sanple lines is expected to be 10
respectively transferred fromthe inage tlg'@t Z%he time t[err]. In the
step b, are cal cul ated, velocities *h vement sanple Ilnes on

t he basis of whi
be detected.

the tinme t[err]
step Q7, is calc
the velocities of

1
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Detection of
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Presence Sample Line after First Correction

Second Correction
y Based on Arrangement of Diffrence Sample Lmes
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Third Correction
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Spatial Density Ratio of Large-
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? e-sized Vehicles to All of Vehicles | |All of Vehicles
20 Inter Vehicle Gap )
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sectiron. In the step B, is calculated a ratio of the novenent sanple |ines

to all of the sanple lines contained in the kth nesh section. At this
time, objects of the ratio cal cul ations are not all of the novenent
sanple lines but only the novenent sanple lines on the basis of which

t he post-novenent sanple lines, respectively, can be 20 detected.
The step @B is followed by the step @ in which a judgnent is nade upon

whet her the calculated ratio of the noye sanple lines included in the
kt h mesh section is larger than a term ned threshold | evel or
not. If the answer in the step @ is in the affirmtive "YES', the
step @ leads to the step QO in whigh th an 25 velocity of the
novenent sanple lines included in t |gh h section is detected as

the spatial velocity in the kth mesh section. If the answer in the step P9
is in the negative "NO', the step @ leads to the step QL1 in which
the spatial velocity in the kth mesh section is set to Okni h.

When the step QLO |l eads to the step QL2, the spatial velocity in the kth
mesh 30 section is snoothed throu§ample&omnt insdgenoot hi ng techni ques. By
virtue of the steps QL3 and Ql4, the steps Q7 through Ql2 are repeated
until k is equal to K. The) Fepettt-on—at—the—steps; Q7 Lhro . QL2 has
the effect of L@é\"@ﬁﬂ 'df‘ﬁf%'h_elspat ioalovell $a’5‘P\J€ng@ sh
sections in the sanple pol JTOQE J aKEQ ; :
egH-aF—ht-{ ls. Fig. 38
t he detection and

The steps @ through QL5 af epeat-ed—at{lifegttat
A first

summarily 35 shows relatidifs 08 Bothelfilt bt Fectit!
exanpl e of the process of dgtgct|ng the pqst, mverept spnple |ines
1 I 1

the calculation in the stefs ;o o @L ¢ hequghe Q5.0 ;e
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- 53 - performed in the step 4
detail hereinlater with

shown in Fig. 37 will be described in

reference to Fig. 39 showing a fl owhart

formed by steps a through 4g.
prospective post-novenent area in th
time t[err] is calculated depending

fm—theistep Ma, a
BTH5%§N%§T%A$@EEﬁEge taken at the
ipon ﬁﬁéLE$H% intgrval y and the

position 5 of the kth novenent sanp
at the time t[err]. The kth nove
transferred fromthe sanpl e point

t he prospective post-novenent area
the time t[err]+y. In the step b,
di fference val ues
in brightness between the kth 10

e line In the sanpl e point
I mage

Fig

each indicative” of an absolute value of a difference

I mge taken
ment sanple line is expected to be

2 at the time t[err] into

h npl e poi nt inmage taken at

pgz | at ed, absol ute brightness

ERt sanple line in the sanple point

i mage taken at the tine t[err] an Hof the sanpl e lines contained
I n the prospective post-novenent areapftr—the—sanpre—potat —+rrege Eaken
at the time t[err] — e S tansToitoyed by the steg Q4c
in which a jud@#tmD n u Positiv ﬁﬁgﬂﬁvﬁwlvst one of the
absol ute bri ght nes 1@; t t r Ié 1 n a 1p predeterm|ned
threshold | evel or he Bas ' tg% qjha n the affirrative
If .
- P4b

Brightness Difference Value
of The mth Sample Point on
The kth Sample Line Is Larger
Than TH1 ?

Brightness Difference Value
of The mth Sample Point on
The kth Sample Line Is Smaller
Than TH2?

P4d

P4f

The Number
of Flags of "ON" Is
Larger Than
TH3?

P4g

P4h | Detection of Difference Sample Line

P4i k=K?

Y

This Sheet Has Been R
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P4) k<k+1




Ay

"YES", the step Q4c leads to the step Q4d in which the sanple line in the
prospective post - novenent area taking part in a production of the
smal | est absol ute brightness —-erer ' detected as the
post - novenent sanmple Iine to which thﬂﬂﬁﬁﬁﬁgﬁ.ggéﬁgggrent sanple line is
expected to be transferred. If the nswer RERLARE st ep Ac is in 20 the
negative "NO', the step 4c leads to tThe step 4e in which a decision that

there is no post-novenent sanple point to which the kth novenent
sanple line is expected to be trad6/@d4ed is nade. By virtue of the
steps Q4f and Q4g follow ng the steps 4d and Ue, the steps Aa

through 4e are repeated until k is equal to K The repetition of the
steps 4a through 4e has the effect Pi{gmag% j udgnment s whet her or not _
there is a 25 post-novenent sanple ™"t ich each of all the novenent
sanple lines is expected to be transferred and detecting the position
of the post-novenent sanple |ine. A second exanple of the
process of detecting the post-novenent “sanmpte |ines performed in the
step X4 shown in Fig. 37 will be describedTn detal erernfater w

reference to P Q- neYeripilith 8t Firgt AR Sed HAPEsRK e TR Hotd') EVERNID| !
A s
upgﬁlthg t:%rre i gt é aﬁgvéﬁﬁgoph "; éﬁ] séigiﬁd? %T'éeﬁb? a g}gg bsg;
line in the sanpl'e point ITnage taken at tIe tine t[errj. The Kih

e e e e T 1|

B, second and ThITd prospective poJr- NOVENneENt ar eas ar e aeter m ned.

The second pr osHEEGIQ(fatioR of SRR of BrightAESS DIt fereRtevalles SpP
S T

poi nt i mag@ 4ekqngat, ShmplE irid SPhalBr Than T3
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P4F
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REPLACEMENT SHEET - 54
L by one line pitch fromthe g++st i§ |post - novenent ar ea.
The third prospective post no cHHRtS ECF%P ralljly forns the sanple
poi nt inmage taken at the tine t[err| andﬁl gL devilat ed downstream from
the first prospective post-novenent area by one |line pitch.

In the step Q4C, is calculated an absoglj 2 bri ghtness difference value U

5 indicative of an absol ute val ue of é ference in brightness between

t he kt h novenent sanple line inFltg ml e point image taken at the
time t[err] and the nth sanple |ine ained in the first prospective
post - novenent area in the sanple (p&ty mage taken at the tinme tferr].
In the step QMD |s caI cuI ated an te brlght ness dlfference vaI ue U2
10 indicati e+ c.c. . u.. ghtress  bet ween
the sarpba@ li @Iculatlon Pébgif&fﬁé F/s%ﬁu enS RNt he upstream
side of thelkth moveddhpPatia 13tjonso %Q%m nt_i npge taken
at the time t[err] and the nth sanplg | ine

P5b |Determination of Positive Threshold Level TH1,
Negative Threshold Level TH2

and Positive Integer Threshold Level TH3

on The Basis of Position of The kth Sample Line

P5c
Spatial Differentiation Value
of The mth Sample Point
on The kth Sample Line Is
Larger Than TH1?

P5d

Spatial Differentiation Value
of The mth Sample Point
on The kth Sample Line Is
Smaller Than TH2?

>

P5e |Set of The mth Flag to "ON"

N S
' K’
P5g|m<m+1
PSh The Number N L |
of Flags of "ON" Is
Larger Than TH3?
P5i | Detection of Edge Sample Line
e e—— P5j p=K? =1
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included in the second prospective post-novenent area in the sanple point

| mage taken at the time t[err]. 15 In the step Q4UE, is

cal cul ated an absol ute brightness’ gi---erence—y N U3 i ndicative of an
absol ute value of a difference in bTHI hehifdd sH ‘R B8l the sanple line

I medi atel y adj acent to and positi oned (Brerthé‘:momst ream si de of the kth

novenment sanple line in the sanmpre point 1 mage taken at the tine
t[err] and the nth sanple line _inc##ggg in the third prospective
post-novenent area in the sanple point taken 20 at the tine t[err].
In the step Q4F, the absolute bright ness di fference values Ul, U2 and U3
are added to calculate a sum U[ é)gng to the steps 4G and 4H,
the steps Q4C t hrough AF are r ntil mis equal to M The
repetition of the steps Q4C t hrough Q4 has the effect of cal culating

all of the absolute brightness differenee es Ul resulting 25 fromthe

novenent sanple line and all of the saN es contained in the first

prospective post-nmovenment area, all of the absolute brightness difference

val ues U2 r¢s '

movenent sarPBA i ﬁ@f rr%i‘f) Qlﬁl'a?l E %Q g%&ééw&%%ﬁ i@% %&?'Itl}

second prospecti\e _post - Faal?(gfi Solute

bri ght ness difference values U3 resulting

30 adjoining t he—npvenent sangple line and

cont ai ned i n the |t hDederminatiproefErst AndiSetomdPositivie Threshokhkevelset ift ifon

further has R3® f'f'i‘mtAﬁﬂmCA!héFirBﬁAaid SecondN R/eS'FﬁFesthlLevélsC tijve

of a sumof eachja .bfﬁ['.’,‘Aﬁd'ﬁw ﬁg%ss eith SampleRirghd U}
e _1unaon whe

In the step 4l —judgnent IS 1A her thp q egt np O

suns 35 U[err]f 3 -

the answer igekhg SCQI&u%on of Mean Value PM of Spatlal differentiation Values

of Sample Points on The kth Sample Line Larger Than TH1
1

PSD Calculation of Mean Value NM of Spatial Differentiation Values
of Sample Points on The kth Sample Line Smaller Than TH3
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is in the affirmative "YES, the step 4l leads to the step 4J in which the
‘sanpl e |ine in the first prospective post-movenent area taking part in
a production of the THIS SHEET HAS BEEN -

55 - smallest sumUerr] is c]-‘et eekpdi@RED t he gost-novement sanple line

to which the kth novenent s ted to be transferred.
If the answer. in the step 41 is in /4he negative "NO', the step (41
| eads to the step Q4K in which a decizs(#(f’h that there is no sanple line

expected to be transferred fromt kKt h@®venmrent sanple line is made. 5
By virtue of the steps 4L and Q4 |gh ps Q4A through Q4K are repeated
until k is equal to K The repetitiq e steps Q4A through Q4K has the
ef fect of detecting all of the(EStaﬁvement sanple lines in the
sanpl e point inage at the tine ] ]l —to which the mvenent sanple
line in the sanple ' D'e —t- are expected

to transferre®7al0 ¢ 190,Q S e | i s positiondd as
,O%Thiergi's's %Bé‘?nﬂg%? i eg W 0 which the
gence Sample Lin
_ 1

shown in Fig. 41(a) 0
movement sanpl e | i Ne—-s—expoctBEE es

Count of Sample Lines ]
P7b| between The kth And (k+1)th Presence Sample Lines

The Counted Number
of Sampile Lines Is Smaller Than

P7c
TH1 ?

p7d | Detection of Sample Lines between The kth And (k+1)th
Presence Sample Lines, as New Presence Sample Lines

N
P7e @ >
Y

P7f | kek+1
B  E——
Classification of Presence Sample Lines into Line Groups
P79 |Each Containing A Series of Presence Sample Lines
|
P7h Determination of Threshold Level TH2
on The Basis of Position of The rth Group
I
P7i Count of Presence Sample Lines in The rth Group
. The Counted Number
P7j of Presence Sample Lines Is Smaller
Than TH2 ?
Y
P7k |Elimination of Presence Sample Lines in The rth Group
N
—— P =R >
This Sheet Has Been Y P7m| rer+l
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transferred positions as shown in Fig. 41(b). At the sane tinme, second and
thi rd post - novenment areas PA2 and PA3 are positioned as shown in Fig.
41(b). If three sanple lines | ocated at positions b, b-1 and b+l,
respectively, in the sanple point inmage taken 15 at the time t[err] shown
in Fig. 4 1(b), take part in a producti Phgqthe small est one of the

suns calculated in the step Q4F, the sanple line |ocated at the posifgon b

S representative of a post-novenent sanple line to which the 5
novenent sanple |ine M/d is expected to be transferred o

In the step b shown |0 FlL0 ¢34 bNEVEILOSIL ¥ vk Ofe §aCH O movewgent 20
sanple lines is cal cUlELEI~ WIT] WJI Va8 EQUITI IRgIESCT T hed Eel ow.
VK = (Lb-La)/[err] cseeeo.sleXbis)e oo ei RELS i s

i ndi cative of a coord o éhecosampl @ dienese i s oahigxh is
25 fornmed on sanple she estprmeetf @arsje amnde xt e®d€ al ong

the road, and Lb -~ | » ' Loc ﬁons,
to which each of the fovement * * Sandbl®e® % Aes i & *exfeltd to be‘tnv -
transferred, in an ax|$ ¥8r¥dd dnlsafipl & Bl Al itnbidelal ¢ 2 **ite Ok
t[err] and extending pfdng IMelriodd o oo, o oo oo b Yfe Step{Qi2, shown in

Fig. 37, the exponent 'I: DQt i:n”'o' 358 % Qre he :3 :°p° I al jvel oc'\ty S
AN ST s D0 Ryt a e RRAY SRS RNCRRN
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35 wherein V(mt[err]) is a spatial velocity in the nth nesh section at
‘the time t[err], V(mt[err]) is ____a_spakkakdﬁgﬁF"lty in the mh nesh
section at the tine t[err] and O i SHi® SEEPDMSS: B coefficient and
defined 0<0<1. By perform ng the dxponeRERldGEENDOt hi ng process, '
- 56 - noi ses can be el i m nated: A first exanple of
the process of detecting the tail position of the traffic congesti on
range pe%ﬁerned ----- by +he—traffi c congesty.0 asuring unit 82 will be
K172

descrlbe det e el nlgter with erénce to Fig. 42 showing a
flomchar steps ZlI through Z4. In the step Z1
the spati I each mesh section is calculated in either of

the follo ati on mann E; g&l One of the cal cul ation
manners i s represented by the flowhapt wn in Fig. 37. 10

In the other of the cal cul ati on nmanngts- Re spatial velocity V(mtlerr
. P y imtlerth)

Detection of Line Group Formed by
P8a A Series of Difference Sample Lines
Including No Edge Sample Line

-

P8b | Determination of Threshold Levels TH1 And TH2
on The Basis of Position of The kth Line Group

P8¢ |Count of Difference Sample Lines of The kth Line Group

The Counted Number of
Difference Sample Lines Is
Larger Than TH1 ?

P&d

Calculation of Mean Value BM of Brightness Levels

P8e of Sample Points in Each Sample Line of The kth Line Group

Mean Value BM

Is Smaller Than TH2
?

P8f

P8g Elimination of Presence Sample Lines
Included in The kth Line Group

Y

P8i |kek+1




calcul ated by the follow ng equation as using the spatial density

cal cul ated in accordance with the flowchart shown in Fig. 22 and the

traffic quantity neasured in the asurenent area F shown
S

in Fig. 21. 15 V(mt[quﬁi§ x la) / d(mt[err])
(1x) wherein g(t[err]) ils trafE antity per predetermned tine

I n the spatial neasurenent area at the tine t[err], la is an average

| ength of the vehicles lying in the s32/44 neasurenent area at the

time tferr], and d(mtf[err]) is a spatial density of the nth mesh section.

20 In order to elimnate r_10|s the spatial velocity

V(mt[err]) is snoothed through g;éﬁ

tial snoothing techniques

according to an equation descri bed be V(imtlerr]) =
(1-Terr]) x V(mtferr]) + [err] x V(

... (xv) 25 wherein p is an eprnesﬁargl {:oeffici ent and defined by
O<[err]<l. In the step averaged spatial velocity is

cal cul ated by the follow ng equatioh in order to elim nate noises and
an influence of PBa di s{r Datkctibndf MB9ehieHt Sample Pomgyestion. 30  [err]

.
3

P9b Determination of Threshold TH1
on The Basis of Position of The kth Sample Line

P9c Count of Movement Sample Points
Situated on The kth Sample Line

P9d

The Counted Number
of Movement Sample Points
Is Larger Than TH1 ?

P9e |Detection of The kth Sample Line
as Movement Sample Line

P9g |ke<k+1
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wherein M/(m
i's the total
Z3, the nesh sections each havin
as a traffic congestion range.
t he

I s averaged spati al

velocity in the nth nesh section
35

nunber of the nesh secti ons.

and M
In the step

han Cv are det ect ed
predet erm ned vel ocity.

EPLAGED 57 - r oad

| f

igrhwery

video canmera is a str
traff

shot by the video canera is a h
shot by the
Z4, the upstreamend of the
tail
bet ween the nesh sections,
position of the traffic congestion.

position of the -traffic congestion.
traffic congestion range,

—€v—TS set to 40knfh. If the road
S} Cv is set to 20knmih. In the step
ééngestion range is detected as a
Fig. 45 shows rel ationshi ps
and the tail 5
A second exanpl e of the

performed by the traffic congesti ing unit 82 wll be
described in detail hereinlater with reference to Fig. 43 showi ng a
fl owmchart formed by

Start

process of detecting the tail poskﬁkigégﬁsthe traffic congestion range

-
-

Determination of Threshold Levels TH1 And TH2
on The Basis of Positions _
of The kth And (k+1)th Presence Sample Lines

P10a

Count of Sample Lines

P10b between The kth And (k+1)th Presence Sample Lines

The Counted Number

TH1<( of Sample Lines

P10c )<TH2 ?

There Is Movement Sample Line

P10d between The kth And
(k+1)th Presence Sample Lines ?
Y
P10e Addition of Sam

le Lines
between The kth And (k+1)th gresence Sample Lines
to Previously Detected Presence Sample Lines

A

Y
k<k+1

This Sheet Has Been Replaced P1 Og
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steps Z1' ‘through z4'. 10 ' In the step Z1', are counted the novenent

sanpl e points included in each of the nesh sections. In the step Z2',
a novenent density M(m is calcul ated by di vidi ng the counted nunber
of the nmovenent sanple points included in each nmesh section by the

total nunber of the sanple points cont a| ned in each nesh section.
. In the step Z3 , the nesh sections ead3f/A4vi ng the spatial density D(m
~larger 15 than a predeterm ned threshold level O and the novenent density

M(m smaller than a predeterm ned threshold level C2 are detected as
a traffic congestion range. In the step Z4' t he upstream end gf the

traffic congestion rane is d I ‘ the—-'trafflc
congestion.  |e e eTha StepSe dle td160kGhe 246 SN@VE oi 8 G -g_nd t he

steps Z1' through Z4 10 « 3¢ @ ¢ opeat @de Iar £
intervals. Fig. 44 su a0 & ; or'vshiqos L)) theE r@quired
i mge data, and the r¢ N tiree o 1] &lgnln
the steps Z1 through x *eeo0e trqafglc
congestion measuri ¥ 0%&r8-% ef%t 4-
transmt, to the c&nt T b tI1e trai’f;c. santrql %egter

the spatial densities ? S .npa.sur.e ; r; ac.cgr;jqnpe, W;I; i Ree fJ QW hé_{ft?:shown
in Fig. 22, the spatidl ¥gl oG bieS o o o JTRASU &4 ble ICEQN JAANGE vvith the

congestion neasured i 155665’%]'63'.\7\;55&31_0_5 sowohard eshiavw o Ta_ﬁ §2 or
43, and the vari & 22 raff\cflow

nmeasurenent area F shovvn in Flg. 21. - The central control unit 00 is
operated to produce traffic 30 information useful to vehicle drivers who
“are driving on the highway shot by the video. caneras 81 and transmt
the traffic informati-gn ,gko the display control unit 92. The
qég 4 .
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i nformation display board 91 is controlled by the display control unit 92
t'o display the traffic information on its own screen.

According to the second enbodi nent, not all of the picture elenents
contained 35 in the imge but the sanple points corresponding to part of

the picture el enents contained in the image are processed, so that
data produced during the cal culation processes can be extrenely
decreased in quantity. Hence, the trg%fhgtcongestiop
- 58 - measuri ng apparatus can é sinplified in hardware and reduced
in cost. In addition, the traffic congestion nmeasuring apparatus can.
process the inmage at hi gh speed and, accordingly, neasure the state of
traffic congestion in real tine. Since the presence and the
movenent of the vehicle is detected by processing 5 bri ght ness per
sanple line, the spatial velocity t spatial density in each of the
mesh sections can be detected. |f Ithyg=t i c congestion neasuring
apparatus is regul ated so as to result in the fact that an area
occupi ed by the vehicle which is noving . at 40kmh or lower is detected
as a traffic cideghestionange, the_ traffic cqngestjgn
*o ° e o @
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neasuring apparat-us can directly measure, in real time, the velocities and
the density of 10 the vehicles lying in the neasurenent area, thereby

making it possible to produce the detailed traffic information. The
second enbodi nent has a great advantage in traffic control systemfor
hi ghways. It is possible that the traffic congestion
nmeasuri ng apparatus starts to neasure the state of the traffic

congestion w thout the previously |eaning and with accuracy 15 imrediately
after the setup of the apparatus is c3fftéted. In addition, the traffic
congestion measuring apparatus can be stably operated to neasure the state
of the traffic congestion i ndependently of the variations in

ci rcunstances such as | ocati ons, |£) ti weat her and traffic densities.
The traffic congestion neasuring appafatUs can al so neasure the
traffic queue |l eng@h wth ease. 20 . Each of the various
parameters servingyas criterion | evelSeeminghéehiale Rnesence Spacggnents i s
varied in accordgntgqwi th an actual gaute distance_from.the,yideo camera
to a location onjtiie reqd corresponging to a position of each of the sanple

poi nts; so {hat the ™gsul ts of 1Antualddghickenent is enhanted in
accuracy. Since thd various pat Bresence Spaceaut omati cal | $/ determned in
accordance with thg actual rout™di 1é(t_a_nge_ 25 fromthe videojcanera to the
| ocation on the fodd correspondi ng\Q the position of each | of the

sanmpl e points, gheftraffic control sySemis managed with grkeat facility.
If a | arge nunbef 4¢f video caneras and t ficl congestion neasuring

apparatuses are arranged al ong the foad at ul ar space intervals each

corresponding to the length &fp nt area of each video

canera, the statg qf traffic conggs an measur ed! over |ong

di stance. In the|prfesent enbodi Rt of tr i C | congestion
(o] from measwenent results

in the whol e meavsuremant area i s rv

Ly %3 >
- 3 S
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in a local part of the neasurenment area but directly neasured, thereby

enabl i ng the traffic control systemto quickly detect various
accidents such as traffic accidents or vehi cul ar acci dents.
- 59 - CLAI M5 1. A

traffic congestion neasuring'nethod of nmeasuring a state of traffic
congestion on the basis of a notion picture which represents a road and
vehicles 5 comng and going on said r3édd44nd is forned by a series of

i mages taken by a video caner a,[-§ &? ng the steps of:

(a) setting a plurality of sa "n in said notion picture, each of
sai d sanpl e points having a brigiit 8emt Devel ; (b)

detecting, as presence sanple points e sanpl e points which are 10

situated in gne gf—sai-d—series—f—iu ed trne gnd

“at each of Q1 \[farmatien ofSample Roigk jraages atol imess,dvaht,;+7
| T '

Calculation of Mean Value of Brightness Levels of Sample Points
Q2 |on Each Sample Line in Each Sample Point Image

.Q3[ Detection of Movement Sample Line in Sample Point Image at Time t,
|
Detection of Position in Sample Point Image at Time ¢+,
Q4 to which Each Movement Sample Line Is Expected to Be
Transferred from Sample Point Image at time t,
{
- Q5 |Calculation of Line Velocity of Each Movement Sample Line
]
Q6 |Division of Sample Point Image at Time t, into Mesh Sections

e

|

Q7 Calculation of Mean Line Velocity of Movement Sample
Lines in The kth Mesh Section
1
Q8 |Calculation of Ratio of Movement Sample Lines to
All Sample Lines in The kth Mesh Section

Calculated Ratio
of Movement Sample Lines
Is Larger Than
Predetermined Threshold

- Level ?

Q9

Q11 \

Q10 Detection of Mean Line Velocity Set of Spatial Velocity
of Movement Sample Lines in The kth Mesh Section
in The kth Mesh Section, to Zero
as Spatial Velocit
in The kth Mesh Section

Q12

]
Application of Exponential Smoothing Process
to Spatial Velocity

~._ N

Q13 < k=K?
Y y

Q15 [men+1 Q14 [k




()

detecting, as novenent sanple points, the sanple points which are

‘situated in the inage taken at said predeternmined tinme and at each of which

t he vehicl e

in nmotion is expected to be present;

15 (d)

detecting novenent bl ocks each forned by part of the sanple points
adj acent to one another and including part of the novenent sanple points,

rati o of the
contai ned in each
| evel ;

presence sanple po
() detecting c
adj acent to one an

aratio of t he
contai ned in each ¢
| evel ; and 25

on said road at sa

e

&

congesti on bl ocks.

Ifagesat

Bt

(O 0O DD

set forth in claim
perpendi cular to a
i mage extends are

| ocati ons,
sai d road,
direction are.align
bet ween two adj oi ni
sai d direction beco

r esti

Image at Time t,-a ,,,

Fig. 38

ment

sanpl e poi n8g8/44 al

bl ock

bei ng |

detecting,
excluded from sg d novenent bl ocks;

Image at Time t,+r

Y

Y

Image at Time t,,

as

ngestion sanple points,

of the sanple points
arger than a predeterm ned
t he

a
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35 respectively corresponding to said two adj oi ning sanple points are nore
renote from sai d vi deo caner a.

- 60 - 3. A traffic congestion neasuring method as set forth in
claim1l1, in which said step (b) conprises the steps of:

- (bl) forming a criterion brightness inmage, in which no vehicle is

! expected to be present taken by said video canera and represented

- only by picture el enents correspsg?ﬁ g to said sanple points,

© respectively; (b2) 3 a sanpl e point inage represented
only by picture el enents respectively corresponding to said sanple
points included in the image at said predeterm ned tine; and

(b3) detecting said presence sanB#e poj on. the basis of said sanple 10
poi nt inmage and said criterion bri tges gm

-

Calculation of Prospective Post-movement Area in Sample
Q4a Point Image at Time t+7 , into Which The kth Movement

Sample Line Is Expected to Be Transferred from Sample Point
Image at Time t,, on The Basis of Position of The kth Movement
Sample Line And Time Interval 7

~ Calculation of Absolute Values of Brightness
Difference Values Each Indicative of Difference

Q4b in Brightness between The kth Movement Sample Line
And Each Sample Line in Prospective Post-movement Area
The Smallest one
4 of Absolute Values
Q4c Is Smaller Than
Predetermined
Level ?
Q4d Qde |
Detection of Sample Line Taking Part TheDr:(iLSiltl)g l;rg:izion

in Production of The Smallest to Which The kth

Absolute Value, as Position M t Sarmole Li
to Which The kth Movement Sample < E ovemgn ba”_‘rp e |fne |
Line is Expected to Be Transferred Is Expected to be Transferre

-

N
Q4f <=}7~
~ }
Y Q49 [kek+1
End




4. A traffic congestion neasuring nethod as set forth in claim3, in
‘whi ch said steps (b) through (g) are repeated at regular tine

i nterval s, said step (b) conprising the step of formng the
criterion brightness imge, 15 whi c% ia utilized for detecting said
presence sanple points in the sanpl gf/ | mage - taken at time t1l
correspondi ng to said p.redefterm' nedi—f‘lgp., fthe basi S pf t he sarrpl e
point imge taken at said time idcriterion brightness image
utilized for detecting sai e sanple points in said sanple
point in‘agetakeq_af fi‘J:rje fn.lnrinr . Sal i . VA aYa)
interval . 20 Calculation af First Praspgetive PostomavemantiArganet ho
in clai m 1, Q4Awhndiample Roint |ma§?@§TQVB§ Tpri ses the steps of:

; P
bl f or ni ioke Whick Fhe kil Moyemen le hingils ExperdeddaiBe ¢ |
(S e ot oemmt el Fistarad ron s,t;ﬂ?}‘“’?%'i"d"%@mma; 25 e

to be present anpl!

calculating a dif$ asis, Q{4 at N&/RLNGYIOVEERY o1 ence in Dbifi ght ness
bet ween t he i nage22RREHLI0E REARSEY T e —and—sai-d—erteron bri ght ne
i mage; eteqths) of Amgaatdexiated dipStreasrandiDowgstraanh di f er ence

i mage; 4p | form First) Prospectiva Pmﬁrmagemﬁet preaby Onessample points, th
sanpl e poi nts eafhine Pitchh agiSegond and i bird Prosnacsive\Pastenovangent than a
predet er ni ned t h Aseas, Respectively, t h ' ' i at ed

di fference i nage,.—and S r—varyimmesarp-riyeshol d | evel
which is utili zedGatnquﬁQ%@bsxdute\dalueﬂh of Brightaess e poinfs,| in accord
wi th an act Q4C r pDiffergnce between dhedsh Movement Sample. t o an act ual

| ocation on sai d| LingAedThemibrsamplelinaindirst Prespestiveach pf |t he sanpl e
points in t hfostympvement Area

Calculation of Absolute Value U2 of Brightness

Q4D | Difference between Sample Line Upstream adjoining
The kth Movement Sample Line And The mth Sample
Line in Second Prospective

| Post-movement Area

i
Q4E Calculation of Absolute Value U3 of Brightness
Difference between Sample Line downstream
adjoining The kth Movement Sample Line And The
mth Sample Line in Third Prospective
Post-movement Area

—

Q4F Calculation of Sum U, by Adding U1, U2 And U3

Q4

The Smaliest one of Sums U_, Is Smaller
Than Predetermined Threshad Level?

Decision That
v Therels
Q4J | Detection of Sample Line »?: \[I\)/?\?éﬂon
in First Prospective Post-movement The kth

Area Taking Part in Production of The Smallest Movement
Sum U, as Position to Which The kth Movement Sample Line
' Samplcﬂ.ine Is Expected to Be transferred is Expected

to Be Transferred

]

m<1
QaM kek+1




35 6.
\“‘1’
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A traffic congestj
in which said

by picture el enents

taken at time t corresponding to sai
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sanpl e point inmages respectively formed in said steps (cl), (c2) and (c3).
. A traffic congestion neasuring method as set forth in claimil, in
whi ch said step (c) conprises thé steps of: 15 (cl)
calculating a first difference inage indicative of a difference in

bri ght ness between the inage taken ag2/d#e t corresponding to said

predeterm ned tine and the image taken at tinme t-[err], a being a
positive time interval; (02) bi nari zing said first
difference inmage with a first prejﬁte threshold level to forma
first feature abstractive |nage C only picture 20 elenents each
having a | evel of "0" or "1" (c3) cal cul ating a second

di fference i mage |nd|cat|ve of a dif nce i n bri ght ness between the

image taken at the tinme t and the i
being a positive time interval; (c4) bi nari zi ng said second
difference image with a second predeterin ned 25 threshold level to forma
second feat urgqabst earcuvamm%pa@m Ve'ltb(ﬂﬂyWEdclﬁ'MéSHSectlon el enents each
having a | evel of " 55 eateutat+AY a product of
said first feature abstractlve |nage an* said second feature

abstractive i QROE~5T T T OUUCE 3 e ecting,
25 the movencA?- [HlGPIAdet of Bver faed Sra ‘f@' Yeloity iyEach MestLSRRoR | o
picture el ements each having the |evel "1" in said product imge;

and (c7) f redet erm ned

t hreshol d | evéBs, whi clh DetectioneofuTrafficCongestioniBangedach of the sanple
points, in accordance wth an actual roTte

en at tinme t+[err], [err]

Z4 Detection of Tail Position of Traffic Congestion Range

End

Fig. 43
(start )

Z1" |Count of Movement Sample Points in Each Mesh Section

Z2' | Calculation of Movement Density in Each Mesh Section

Z3' Calculation of Traffic Congestion Rangél

Z4" | Detection of Tail Position of Traffic Congestion Range

End



v .
distance fromsaid video canera and an actual |ocation on said road
“corresponding to a 35 position of each of the sanple points in the inmage.

8. A traffic congestion neasuring nmethod as set forth in claim1i1, in
whi ch said - 62 -

step (d) conprises the steps of: 43/44 cal cul ati ng novenent sanpl e
point ratios each indicative of a ratio of the novenment sanpl e points
to all of the sanple points contained in each of candi date bl ocks
which partially forns the inmge t n at ifld predetermned tine; and 5
(d2) detecting, as said novenent f& t he candi date bl ocks each havi ng
t he cal cul at ed novenent sanpl e p0|nt ratio larger than a predeterm ned
| evel . 9. A traffic congest as set forth in
claim8, in which said step (d) nnnnnnenssahqﬂeﬂkmn( 3) of varying, in

size, each of said candi date bl OCkBetectlon of
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- 10 accordance with an actual route distance fromsaid video canera to an
vactual |ocation on said road corresponding to a position of each of

sai d candi date bl ocks in the inmage.

measuring nethod as set forth in claim8,

A traffic congestion

in which said step (d)
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accordance with an actual route distance fromsaid video canera to an
‘actual- | ocation on said road corresponding to a position of each of
sai d candidate blocks in the image. 35° 14. ° A traffic congestion
nmeasuring method as set forth in claim12, in which said step (f)

conprises the step (f3) of varying said §redeterm ned | evel, which is
utilized for - 63 -

bl stance from * Ingsroidyncs a6t ehi pewets SLIEE BErsett gsphion Hhere Gptivioddd ©
i stance from gtatt

corres pOﬂdl rlgr:ifﬁc congestion mieasutingandihod of medsudng dsmmruflmﬁcecdﬂgesﬂ(m onrthe he

I mage. | f

i am 12, 1 ook il Rbele S RBRsLAEa RRAGH VBRc RS bR BEne RS, |
as noi se, thead;m@EﬁﬂmﬂW@ pfﬂim«ggs taken bb%(ﬂdﬁﬂémﬁ%ﬁ?ﬁ%@&@ﬁé@gﬁ i on

bl locks. 5 (a) of forming a criterion brightness image which is taken by the video camera and in
which the vehicle is expected to be absent, (b) of detecting the vehicles represented in

one of the series of images taken at a predetermined time on the basis of the criterion

brightness image and the image taken at the predetermined time, (c) of renewing the

criterion brightness image after the step (b), and (d) of repeating the steps (b) and (c) at

10  predetermined regular intervals, the criterion brightness 1mage being renewed in the

step (c) by an equation described as follows:

B,y =By + 1 X (X;- By)
wherein X, is a brightness level of each of picture elements forming the image taken at
time t,, B, is a brightness level of each of picture elements forming the criterion

15 brightness image which is utilized for detecting the vehicles represented in the image
taken at the time t,, B, is a brightness level of each of picture elements forming the
criterion brightness image which is utilized for detecting the vehicles represented in the
image taken at time 't,,ﬂ, each of the predetermined regular intervals is equal t0 tp.s-ty,
and 1) is a variable coefficient decreased in proportion as [x;-B,| becomes large and as a

20 level of the traffic congestion on the road is increased.

In accordance with a ninth aspect of the present invention, there is provided a
traffic congestion measuring method of measuring a state of traffic congestion on the
basis of a motion picture which represents a road and vehicles coming and going on the
road and is formed by a series of images taken by a video camera, comprising the steps

25 (a) of calculating spatial velocities each indicative of a mean of velocities of the
vehicles represented in each of mesh sections into which the road represented in image
taken at a predetermined time is divided, (b) of detecting, -on the basis of the spatial
velocities, a traffic congestion range occupied by the mesh sections in each of which
the traffic congestion occurs, and (c) of detecting a tail position of the traffic congestion

30 range. | o

In accordance with a tenth aspect of the present invention, there is provided a
traffic congestion measuring apparatus for measuring a state of traffic congestion on
the basis of a motion picture which represents a road and vehicles coming and going on
the road and is formed by a series of images taken by a video camera, comprising,

35  means for setting a plurality of sample lines in the motion picture, each of the sample
lines being formed by a plurality of sample points aligned on a line perpendicular to a
direction in which the road extends, and each of the sample points having a brightness
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16. i A traffic congestion neasuring nethod as set forth in claimi1, in
which said 10 step (g) conprises the step of judging an area occupied by a

group of the congestion bl ocks in the image taken at said
predetermned tine to be a traffic congesjjon range on said road at
said predeterm ned tinme. 17. A~t¥affic congestion neasuring

apparatus for neasuring a state of traffic 15 congestion on the basis of a
not i on pictur ts a road and vehicles coning and going
on said road tgdég]#r%&f“g §§‘§'9 a_ series of images taken by a video

canera, conpri sing:Fig.2 is a perspective ¥iew showingnan afesrshotby & midea cpmenashowy inf

sanpl e poi nt sFlgnl .said notion picture, each of said sanple points
havi ng a brigh nessg, . evel d ns fordetectlr as
presence sanpl e poift élst%l&°§%%$féﬂb§h°ﬁ?%g&e“%?%e Ui APRAKAtES e of

sai d seri @s chownig#ig.tlaken at a predeterm ned time and at each of

which the vehicle i ei(ﬂ%ﬁq%%h%%sﬁ ?%?ﬁﬁcor%rstmn meatsunng stéﬂh Vd?gfoﬁfﬁ gyf or

detecting, as_novere fit” Sanp
situated in tthetraﬁ?wgv@ngaﬁt@nmaswajsys smnkag 15i ne and at each of which

25 the vehicle inpptsam VEW%BWﬁigeﬂlaiﬁn SepPbwest results of the calculatiod @sd t h

nmeans for detgctin S e . the sanpl e
poi nts adj ac d?tB&b%(\’ing#}g‘r& ép’f ﬂgﬁ‘ﬁ(ﬂo H%‘gf’}?(y"g? verrent sanpl e
poi nts, doratio of Kipeb isow eiemnshoswdng kampleipoints set inlthe uﬁagdmkemhpﬂm wdemt s

contained in camera?ﬁﬁﬂxhiﬁ‘ﬁ nent bl ock being larger than a predeterm ned
| evel ; 30 Lfth means for_ detecting, as congestion sanple points,

the presence sanpl &ig 71s "rﬂﬂ"i’ﬁ}’éﬂé%‘l"{?ﬁé@tﬂﬂ%ﬁ‘iﬁgﬁi‘%ﬂ ¥rhole defining theytep S2 of
the flowchart shown in Fig. 4; -

Fig. 8 is a view showing a sample point image formed in the step S2b of the
15  flowchart shown in Fig. 7;

Fig. 9 is a view showing presence sample points detected in the step S2 of the
flowchart shown in Fig. 4;

Fig. 10 is a flowchart showing detailed steps as a whole defining the step S3 of
the flowchart shown in Fig. 4; '

20 Fig. 11 is a view showing relationships between images formed in the steps
S3a through S3k of the flowchart shown in Fig. 10;

Fig. 12 is a view showing relationships between first and second feature
abstractive images formed in the steps S3j and S3k, respectively, of the flowchart
shown in Fig. 10 and a product image formed in the step S31 of the flowchart shown in

25 Fig. 10;

-Fig. 13 is a flowchart showing detailed steps as a whole forming the step S4 of |
the flowchart shown in Fig. 4;

Fig. 14 is a view showing movement blocks detected in the step S4 of the
flowchart shown in Fig. 10; .

30 Fig. 15 is a view illustrated for explaining a manner in which congestion
sample points are detected in the step S5 of the flowchart shown in Fig. 4;

Fig. 16 is a flowchart showing detailed steps as a whole forming the step S6 of
the flowchart shown in Fig. 4,

Fig. 17 is a view showing congestion blocks detected in the step S6 of the

35 flowchart shown in Fig. 4;

Fig. 18 is a flowchart showing the detailed steps as a whole defining the step

S7 of the flowchart shown in Fig. 4;

REPLAGEMENT ss—aagﬂ

08 JUL 1998

L—-—” st




si xth neans for detecting congestion bl ocks each fornmed by part of the
sanpl e poi nts adj acent to one anot.her. and |nclud|ng part of the
congestion sanple points, a rati o of the ‘congestion sanple points to
all of the sanple points contained in each 35 congestion block being

| arger than a predeterm ned |evel; and - B seventh neans for
nmeasuring the state of traffic congestion on said road at said

Dot A ar Pt B Bt A o e APRE Lo BUBSHE et regrigefif -
in which orsthe basegbﬁha measuremenimosultsef the traffic congestion measwesinganits 31 #9 ng a
criterion bri w&mt?%lghﬂﬁgﬁtrbfhd&&'ﬂ% ke thiﬁﬁglﬁh% rép°eatu'§g ins@NRG6d ﬁ’tﬁt 5@ EQ‘or
present and whlch | sai d videg cane % J
ol oul at | ng anaiaRGe. e e oY esshim messtigng Whs,2hiand 23 dhesiving the tmage dafa
bright ness befrowmdre vitleo ¢ampgss 1loduel 3adeterts tehffic eoegestion ragestespectively having
criterion lengths which are longer than those by the traffic congestion measuring units 22 and 24
receiving the image data from the video cameras 12 and 14, the central control unit 60
is operated to transmit, to the signal control units 41 to 44, the signal control patterns
indicating that green light periods in the signal control units 31 and 32 are longer than

10  those in the signal control units 33 and 34, thereby relieving the traffic congestion on
the roads shot by the video cameras 11, and 13.

The traffic congestion measuring method performed by the traffic congestion
measuring units thus constructed will be summarily described hereinlater with
reference to Fig. 4 showing a flowchart and formed by steps S1 through S8.

15 In the step S1, a plurality of sample points are set in a series of the images
taken by the video camera. Assuming that the video camera takes an image 71 shown
in Fig. 6, the sample points are denoted by e~ in Fig. 6. In the step S2, the sample
points, which are set in the image taken at time t, and at each of which the vehicle is
expected to be present, are detected as presence sample points. In the step S3, the

20 sample points, which are set in the image taken at the time t, and at each of which the
vehicle in motion is expected to be present, are detected as movement sample points. In
the step S4, rectangular blocks each formed by the sample points adjacent to one
another are detected as movement blocks. Each of the detected movement blocks
includes the movement sample points. A ratio of the movement sample points to all of

25 the sample points contained in each of the movement blocks is larger than a
predetermined level. In the step S5, the presence sample points which are excluded
from the movement blocks are detected as congestion sample points. In the step S6,
rectangular blocks each formed by the sample points adjacent to one another are
detected as congestion blocks. Each of the detected congestion blocks includes the

30 congestion sample points. A ratio of the congestion sample points to all of the sample
points contained in each of the congestion blocks is larger than a predetermined level.
In the step S7, the state of traffic congestion in the measurement area at the time t, is
measured depending upon the congestion blocks. In the step S8, n is replaced n+1 and
the control is returned from the step S8 to the step S2. Note that n is a positive integer

35 and that It,.,4-t,] is constant. The steps S2 through S7 are repeated at regular time
intervals.

. Fig. 5 summarily shows relationships between results of the calculation and
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bri ght ness i mage; - means for spatially differentiating said

di fference i mage; and 10 means for detecting, as the presence
sanpl e points, the sanple points each having a differentiation val ue
| arger than a predeterm ned threshold level in the spatially
differentiated difference inmage, -22 - sajd third neans conpri si ng:

means for calculating a first difference inage indicative of a difference

or cdet er m nolfRir o Loy FHAtRAE goR SR Rbaydd By aniBe SRBRAY g 4”' ¢

positive tinﬁdknmerval, means- for binarizing said first
difference image with a first predeterm ned threshold level to forma
first feature abstracti e i mge containing only pigture  elenments each
having a | evel of 17 'X€§01%5 means+{#} cal culating a second
di fferencsg inage,indlcatlve of a difference in brlghtness bet ween t he

mage {aken at ¢ hewd b, N0l Ak ARGl 3 yiliahy Bt Rlebhuin] 8-Edeq

being a positive t

second di f f eSebeeoperatons. wIhe: steps¥eoisdfollowed pyetbetstapndiein m«@s dOﬂ Bgel to
Ialotra ?eﬁt : eggg @ilfgeg‘e\?;ﬁti&hﬁna\}aﬁeﬁ Hf tthé’ g %xhﬁlﬁ%nﬁﬁ’ B e ﬂﬂfbrér'ﬁateﬁrﬂlffeﬂhéé Hhége is
Cal Cul ot i . FingRgtsl ok (esneiard vithcach phibe Sishaldlevels TEL detHERBSL I sieg
seco ndf f &ﬂ'([j u SEa,abShfItah:é smle points in thef differeatigted differericedpage euohl has a level of
t v
means for detgel)Rg ﬂ@&e (E:Iﬁ%mf)?e{@xﬁts p%ﬂgﬁﬁ: 1% X oP @im h\% RedcldSas

respectlvely correspon |ng evel of "1"
in said 30 @reduesencs saapde points because of the fact that, on each of the sample points having

the level of ~1~ the vehicle is expected to be present. The arrangement of the presence

sample points thus detected is, by way of example, shown in Fig. 9.

15 Each of the threshold levels TH1 may be determined in the step S2a as
follows. The smaller each of the threshold levels TH1 used for judging each of the
sample points becomes smaller as an actual route distance from the video camerato a
location on the road corresponding to a position of each of the sample points in the
image becomes larger. The reason why the threshold levels TH1 are thus set is that the

20 image representing an actual area remote from the video camera grows dimmer in
comparison with that representing an actual area in the neighborhood of the video
camera and accordingly that a difference in brightness between the vehicles and the
background is decreased. Since each of the threshold levels is set for each of the sample
points in accordance with the actual route distance from the video camera to the actual

25 location on the road corresponding to the position of each of the sample points, the
presence sample points in any posmon can be detected on an accurate level with one
another. _

The process of detecting the movement sample points performed in the step $3
shown in Fig. 4 is described in detail hereinlater with reference to Fig. 10 showing a

30 flowchart formed by the steps S3a through S3m. The process will be understood with
ease, provided that Figs. 11 and 12 are referred to in each step.

In the step S3a, the sample point image is divided into a plurality of image
zones the number of which is designated by *M~. In the present embodiment, the
sample point image is divided into three different image zones consisting of a faraway

35 image zone which corresponds to an actual area remote from the video camera, a

neighboring image zone which corresponds to an actual area near to the video camera,




said fourth neans conpri si ng: . neans for calcul ating novenent
sanpl € point ratios each indicatives of "a’ rati g of the novenent sanple
points to all of the sanple points contained in each of candi dat e
novenent bl ocks which partially forns the_ i mage taken at said 35
predeterm ned tine; and meafd ¥ or detecting, as said novenent
bl ocks, the candidate novenment bl ocks each having t he novenent sanpl e

E)oiGE t _ rati o | ar ﬁ€ h Sgihseacloaﬂ&sgt&% cfr?kﬁg%ﬂle image. In the step S4c, is ca&culate(% 2
means conpr i mt]og)f the movement sampleepnints flmlud%d i thet ¢aﬂ§l®tmgb§k it® @Usdn(bp €
point rati Osfﬁﬁ;%lé tpbﬂﬁ'é &ﬁﬁmﬁé‘d af the shib 'chdldate bRfckt g tlf&él&ffshd,%uaéﬁ?ﬁ

points to al pol n contai ned in eacg candrdat e
congestion b Rgl?owﬁatﬁgaﬁa Fﬁé&f%wg&‘f%ﬁamk q&&bﬂlgfa‘#’??%% PP i ng
t he i mages t aleetheatandidig Wlockdiatlarget thad the threshaldllevel TH1 determinedrinahes stepr

detecting, agssajrthe AIRESh RSt RIS in (B AAHHARHVE A4BSFORRIERISAA leads to the
step S4e in which the candidate block is detected as the movement block. If the answer
in the step S4d is in the negative *NO", the step S4d leads to the step S4f. By virtue of
the steps S4f and S4g, the steps S4c through S4e are repeated until judgments whether
10  all of the candidate blocks aligned in a row by one sample point pitch are movement
blocks or not are finished.

The step S4f is followed by the step S4h in which the calculation statt point is
shifted to the left side end in the sample point image. By virtue of the steps S4i and S4;,
the steps S4b through S4h are repeated. In the other hand, the calculation point is

15  shifted to a lower side of the sample point image (the downstream side toward which
the vehicles run) in the detecting prdcess' for the candidate blocks aligned in a row and
the process is repeated. This results in the fact that the judgments whether all of the
candidate blocks aligned in a row are movement blocks or not are repeated all over the
rows, thereby making it possible to detect all of the movement blocks included in the

20 sample point image.

Fig. 14 shows, by way of example, two detected movement blocks overlapping
with each other. Each of the movement blocks shown in Fig. 14 is formed by five
columns of three sample points. The movement sample points are denoted by *©*
and the sample points except the movement sample points are denoted by ~O~. The

25  ratio of the movement sample points to all of the sample points contained in each of the
movement blocks shown in Fig. 14 is 60%. In this case, the threshold level TH1 used
for judging the candidate block is 55%. As shown in Fig. 14, the movement sample
points excluded from the movement blocks are eliminated as noises.

In the aforesaid step S4b, the size of each of the candidate blocks i.e., the total

30 number of the sample points contained in each of the candidate blocks, and the
threshold level TH1 may be determined as follows. Each of the candidate blocks may
be substantially equal in size to an average vehicle represented in the image and,
accordingly, roughly indicative of the outline of one vehicle in the sample point image.
In the faraway image zone corresponding to the actual area remote from the video

35 camera, the candidate block becomes smaller because of the fact that the vehicle image
becomes smaller. In the neighboring image zone corresponding to the actual area near

to the video camera, the Ca_!l_;l_l_é_a;LG.lenk-becomes lafger because of the fact that the
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The presence sample points are denoted by “ e, the sample points except the presence
sample points are denoted by ~O~ and the congestion sample points are denoted by
wyten,

The process of detecting the congestion blocks performed in the step S6 shown
in Fig. 4 is described in detail hereinlater with reference to Fig. 16 showing a flowchart
formed by the steps S6a through S6;j.

In the step S6a, a calculation start point is set to the sample point located at the
top left-hand corner of the sample point image. It is assumed that candidate blocks
which might be detected as the congestion blocks are rectangular blocks each partially
forming the sample point image and formed by a plurality of sample points adjacent to
one another and arranged in the form of a matrix array. In the step S6b, the size of each
of the candidate blocks and a threshold level TH1 utilized for judging the sample points
in each of the candidate blocks are determined in accordance with an actual route

sai d
al ues

di ng
ce

distance from the video camera to a location on the road corresponding to a position of

each of the candidate blocks.
In the step S6c, is calculated a ratio of the congestion sample points included
in the candidate block to all of the sample points included in the same candidate block.
In the step S6d, a judgment is made upon whether the ratio of the congestion sample
points to all of the sample points in the candidate block is larger than the threshold level
TH1 determined in the step S6b. If the answer in the step S6d is in the affirmative
“YES~, the step S6d leads to the step S6e in which the candidate block is detected as
the congestion block. If the answer in the step S6d is in the negative *NO~, the step
S6d leads to the step S6f.
By virtue of the steps S6f and S6g, the steps S6¢ through S6e are repeated until
judgments whemelrau_(itllg_gag_@_llg_ate blocks aligned in a row by one sample point
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situated in the . imge taken at said predeternmined tine and each of which
has a’ brightness |evel having a.difference |arger than a predeterm ned
| evel from each of the sanpl e ilnes in said criterion bri ght ness

i mage, on the basis of the brightness dlfference val ues of the sanple
points in said difference i mage; 35 - - (e) spatially
differentiating said difference | mage to cal cul ate differentiation

val ues respecti v e ng,t o the | e OJntS in.said difference

i mge; steps 1 % P 428 Hhdes '?F?Peateatfén?"&‘@q? iter¥l$e sanple lines, the
sanpl e |ines whi chFigr23 inatuatv@dmmnnly showihg relamxgrshipalbetweau tiepdetection and
predeterm nege téaiEﬁ BH r@&ﬁ@ 119&1 Lpelg&l?m@ %Qﬁéécﬁcfﬁ’?ld the calcPﬂYwﬂg a

di fference |ar pr ed om one 0 I nes
in t he B tm &egm%é@%ﬁhe&lwvaﬂgtwlbarﬁ&p pionssof Qw steps Bhsi s
of the did f ethesigharison val ues of the sanple poi nts in said spatially

differentiated ere | mpge tectln
presence sanpl e | |% é sgr?x@él 8% %P&?efsngf \ngcé‘?% q‘% ffererice sa%ple lines
performed in the step P4 shown in Fig. 22 will be described in detail hereinlater with

reference to Fig. 25 showing a flowchart formed by the steps P4a through P4;j.

In the step P4a, a positive threshold level TH1, a negative threshold level TH2

10  and a positive integer threshold level TH3 are determined in accordance with an actual
route distance from the video camera to a location on the road corresponding to kth
sample line formed by M sample points. In the step P4b, a judgment is made upon
whether a brightness difference value of the mth sample point on the kth sample line is
larger than the positive threshold level TH1 or not. Note that the brightness difference

15  values belong to the sample points, respectively, in the difference image calculated in
the step P2 shown in Fig. 22.

If the answer in the step P4b is in the affirmative “YES~, the step P4b leads to
the step P4d. I the answer in the step P4b is in the negative “NO~, the step P4b leads
to the step P4c. In the step P4c, a judgment is made upon whether the brightness

20 difference value of the mth sample point on the kth sample line is smaller than the
negative threshold level TH2 or not. Xf the answer in the step P4c is in the affirmative
“YES~, the step P4c leads to the step P4d. If the answer in the step P4c is in the
negative *NO~, the step P4c leads to the step P4e.

Inthe step P4d, a flag relevant to the mth sample point on the kth sample line

25  is set to "ON~ condition and, subsequently, the control proceeds to the step P4e. By
virtue of the steps P4e and P4f, the steps P4b through P4d are repeated until m is equal
to M. The repetition of the steps P4b through P4d has the effect of judging whether the
brightness difference values of all of the sample points on the kth sample line are larger
than the positive level TH1 or not and smaller than the negative level TH2 or not.

30 In the step P4g, a judgment is made upon whether the number of the flags set
to "ON” condition exceeds the positive integer threshold level TH3 or not. If the
answer in the step P4g is in the affirmative ~YES~, the step P4g leads to step P4h in
which the kth sample line is detected as the difference sample line. If the answer in the
step P4g is in the negative “NO”, the step P4g leads to the step P4i. By virtue of the

35 steps P4i and P4j, the steps P4a through P4h are repeated until k is equal to K. Note
that K is indicative of the number of all of the sample lines contained in one traffic lane
within the measurement
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expected to be present, the difference sanple lines detected in said step

(d) and the edge sanple lines detected in said step (f); and

(h) nmeasuring the state of traffic congestion on the basis of said
presence 10 sanple lines. 20. ﬁst raffic congestion nmeasuring
nmet hod as set forth in claim19, in whith®said sanple lines set in

said step (a) are aligned at space intervals in the imge, the space
nterval bet wigfetiR<GARAI RIS, Ao IS bR 6 Hd e hikngl LM &f U
ocations 15 on Said road reéespectively corresponding to sald two
ad] oi ning sa s Begative thresheldevels are reqyieadoderthunperatad is dussribehes fllows.
21. A tr afthhefe i§ @passbilihaBpdt/of the biphiaest diffe®fée v4hidstofithe Saniplepdidts | N
whi ch said n ongtsgxgsle(h%)e t hr ou‘?(g. {vh) e x etﬁeat ed at téegul %\F‘net Iéﬁ%
‘ntervals, 20 ple Ttk sty pusistvelovels and the mmaied of th briefiness siffermncs e
cri teri onsbr ivgluesnassme megptive levelswifi théibrightuess diffeeehck yaluesedre pracasped siithout
P Sence ST 3T Qe A Aol peguld it i
poi nt i mage tvaluencancekench othepeln;addition, theiresults of theipseresyingarediable tp faglede
utilized for noises. ORie€dncéllativai ehdPhéisNGe HbIDtE rdsuliaf the facti tat tiEpd @rePoi Nt
i mage taken atm&i iﬁgc ;ior t%:%S sai ’ti tg%ﬁrb one rtellljcl:aritirre
ntorval . produgSY inacograse measiement Sty I erdi; o, PRRYEH, BO nagplits,
i n cl ai ml29, neasudmeht resiilts from being prodackd, themositive brightoesstdifferende values are
fj|d:° ]2 or eggge‘-"ttﬁféﬂl&l&‘ﬂ Wil RleSoRiive tiredhRYd 1Belb, REhiRARS hégsfive blgRhER B ference
values are thresholded with the negative threshold levels.
 Inthe step P4B, is calculated a mean value PM indicative of a mean of the
brightness difference values which belong to the sample points, respectively, on the
15  kth sample line and each of which is larger than the first positive threshold level TH1.
In the step P4C, is calculated a mean value NM indicative of a mean of the brightness
difference values which belong to the sample points, respectively, on the kth sample
line and each of which is smaller than the first negative threshold level TH3.
The step P4C leads to the step P4D in which a judgment is made upon whether
20  the mean value PM exceeds the second positive threshold level TH2 or not. If the
answer in the step P4D is in the affirmative “YES ~, the step P4D leads to the step P4F.
If the answer in the step P4D is in the negative “NO~, the step P4D leads to the step
P4E in which a judgment is made upon whether the mean value NM is smaller than the
second negative threshold level TH4 or not. If the answer in the step P4E is in the
25  affirmative “YES~, the step P4E leads to the step P4F in which the kth sample line is
detected as the difference sample line. If the answer in the step P4E is in the negative
“NO~, the step PAE leads to the step P4G. By virtue of the steps P4G and P4H, the
steps P4A through P4F are repeated until k is equal to K. The repetition of the steps
P4A through P4F has the effect of detecting all of the difference sample lines included
30  in one traffic lane within the measurement area. |
The first positive threshold levels TH1 and TH2 may be determined in the
step P4A as described below. The first and second positive threshold levels TH1 and
TH2 used for judging each of the sample lines may become smaller as an actual route

distance from the video camera to a location on the road corresponding to a position of
35 each of the sample lines in the image becomes larger. Reversely, the first and second
negative threshold levels TH3 and TH4 used for judging each of the sample lines may
become larger as the actua_l_ioute distance from the video camera to the location on the

Aok o,




30 val ues each of which is | arger than a positive predeterm ned | evel;
(d2) ° detecting the sanple points having the negative brightness

di'fference val ues each of which i s smal | er than a negative
predeterm ned | evel; and 9) detecting, as.said difference
sanple lines, the sanple |ines each ncludlng part of the sanple

points detected in said steps (dl) and (d2) a ratio of the 35 sanpl e
poi nts detected,in sai d2), to al,l..of .t 0| nt s
ont ai ned . moud spmesporie B diftontd foct Eind fouihie il 1 e AR LB,
pr edet er mi nedatgew elf. the threshold values THI1 to THd/are determinedig. accorquermth ithe

congest i on MegsLHidg tﬁ"&ltx%ﬂfi I;nfnﬁrtﬁ@vid@o %hﬁb&‘ fite differefifd Sdin é'li‘r’les in
step (d) conprises t%e sfep o var posi t |¥}§t and gat Ive

predetermnecimYP"smP%ﬁ%‘F@ed%Fﬁt &%awgw?mhqnﬁag? each of the
sanpl e poisnts, in Zcifs exdies] emfthbpmessofdemﬁugthereagésaz@blshﬁmdommaﬁl d

v de0, caer 2 ualpS Al R il BARAL8  g
27 showing a flowchart formed by the steps P5a through P5k.

In the step P5a, the difference image calculated in the step P2 shown in Fig. 22

is spatially differentiated with Sobel operators to calculate the spatial differentiation

10  values belonging to the sample points, respectively. In the step P5b, a positive
threshold level TH1, a negative threshold level TH2 and a positive integer threshold
level TH3 are determined in accordance with an actual route distance from the video
camera to a location on the road corresponding to a position of the kth sample line.

The step P5b is followed by the step P5c in which a judgment is made upon

15  whether the spatial differentiation value of the mth sample point on the kth sample line
exceeds the positive threshold level TH1 or not. If the answer in the step P5c is in the
affirmative ~YES, the step PSc leads to the step PSe. If the answer in the step P5c is
in the negative “NO~, the step PSc leads to the step PSd. In the step P5d, a judgment is
made upon whether the spatial differentiation value of the mth sample point on the kth

20  sample line is smaller than the negative threshold level TH2 or not. If the answer in the
step P5d is in the affirmative “YES~, the step P5d leads to the step PSe. If the answer
in the step P5d is in the negative "NO~, the step P5d leads to the step P5f.

The step P5c or P5d leads to the step PS5e in which a flag relevant to the mth
sample point on the kth sample line is set to *ON~ condition and, subsequently, the

25  control proceeds to the step PSf. By virtue of the steps P5f and P5g, the steps PSc
through P5e are repeated until m is equal to M. The repetition of the steps PSc through
PSe has the effect of judging whether the spatial differentiation values of all of the
sample points on the kth sample line are larger than the positive threshold level TH1 or
not and smaller than the negative threshold level TH2 or not.

30 When the step P5f leads to the step P5h, a judgment is made upon whether the
number of the flags set to "ON~ condition exceeds the positive integer threshold level
THS3. If the answer in the step P5h is in the affirmative »*YES~, the step P5h leads to
step P5i in which the kth sample line is detected as the edge sample line. If the answer
in the step PSh is in the negative *"NO~, the step P5h leads to the step PSj. By virtue of

35 the steps P5j and P5Kk, the steps P5b through P5i are repeated until k is equal to K. The
repetition of the steps pSb through p5i has the effect of detecting all of the edge sample
lines included in one
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v24.  Atraffic congestion neasuring nethod as set forth in claim19, in
whi ch sai d step (d) conprises the steps of: . (dl)

cal cul ati ng nean brightness difference val ues each indicative of a 10

mean of the brightness difference valug§4pt t he sampl e points contained in
each of the sanpl e |ines; (d2) detecting, as said
difference sanple lines, the sanple lines having the positive nean
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e oS SO0 SRV NN HaRbENS e S fhe' Sk
differentiation values which belong to the sample points on the kth sample line and
each of which is smaller than the first negative threshold level TH3.
15 The step P5D leads to the step P5E in which a judgment is made upon whether
the mean value PM exceeds the second threshold level TH2 or not. If the answer in the
step PSE is in the affirmative “~YES ~, the step PSE leads to the step PSG. If the answer
in the step P5E is in the negative *NO~, the step PSE leads to the step PSF in which a
judgment is made upon whether the mean value NM is smaller than the second
20  negative threshold level TH4 or not. If the answer in the step PSF is in the affirmative
“YES~”, the step PSF leads to the step P5G in which the kth sample line is detected as
the edge sample line. If the answer in the step PSF is in the negative *NO~, the step
P5F leads to the step PSH. By virtue of the steps PSH and P5I, the steps P5B through
P5G are repeated until k is equal to K. The repetition of the steps PSB throngh P5G has
25  the effect of detecting all of the edge sample lines included iri one traffic lane within the
measurement area.
In the step P5B, the first and second positive threshold levels TH1 and TH2
may be determined as described below. The first and second positive threshold levels
THI1 and TH2 used for judging each of the sample lines may become smaller as an
30 actual route distance from the video camera to a location on the road corresponding to
a position of each of the sample lines becomes larger. Reversely, the first and second
negative threshold levels TH3 and TH4 used for judging each of the sample lines may
become larger as the actual route distance from the video camera to the location on the

road corresponding to the position of each of the sample lines becomes larger. If the
35  threshold levels TH1 to TH4 are determined in accordance with the foregoing actual
route distance from the video camera, the edge sample lines in any position can be
detected on an accuracy level with one another. :
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.30 ‘" distance level, the sanple lines between said two presence sanpl e
| i nes as new presence sanple lines to the previously detected presence

sanple lines in said step (g). 27. A traffic congestion neasuring
met hod as set forth in claim 19, conprising the ~step (i) of

elimnating, when there is a line groupdZont ai ning a series of presence
sanple 35 |ines which have no sanple line interposed therebetween and when

both end presence saml.e |ine f id |i .
from each ot her a'[h"aP‘HF%sFﬁé@teF““ﬁ ﬁ:@%res%f%q ?Pé‘lgﬁgeez:‘g{’s(r)é %‘ﬁ‘gﬁi%ﬁa’f"g&%’ﬁp @2{ ual
(rj_OUt e di Slt aghoevnainOFig. 22:ivdll roeadesenitreld| asr follows. Both of the difference sanplddines ni ned
I stance le i ' | t haldl
dSibeted i e &gé g : ag@ the%gﬁ g@ﬁ@g Bngfgéﬂeﬁcked]ﬁih@a‘tepﬁps feldefeBte@®UP

%
fromthe previously de ed pres nes in said step (g).
28. A t r thefpreseneerigmple ¥peSpeasuri ng nethod as set forth in claim 19,

co ”F risigg t hf SThe pitess bl cofrectingnihe apresemce whmple! lireseon sha bhsinefgheup
conta hing %m}/gex%exsite of l:ﬁgregtf peDrfo%Elgg it the step P7 shown in Fig. 22 will be described in
detail hereinlater with reference to Fig. 29 showing a flowchart formed by the steps P7a
through P7m. The first half of the correction process formed by the steps P7a through
P7e intends the unnoticed presence sample lines caused within image zones
10  respectively representing vehicle bodies to be corrected. The second half of the
correction process formed by the steps P7g through P7m intends the mistakenly
detected presence sample lines caused within image zones each representing no vehicle

body to be corrected.
In the step P7a, a threshold level TH1 is determined in accordance with an
15 actual route distance from the video camera to locations on the road respectively
corresponding to positions of the kth and (k+1)th presence sample lines. In the step
P7b, the sample lines between the kth and (k+1)th presence sample lines are counted.
The step P7b is followed by the step P7c in which a determination is made
upon whether the counted number of the sample lines is smaller than the threshold level
90 'THL1 or not. If the answer in the step P7c is in the affirmative “~YES~, the step P7c
leads to the step P7d in which the sample lines between the kth and (k+1)th presence
sample lines are detected as the presence sample lines and added to the previously
detected the presence sample lines. If the answer in the step P7c is in the negative
“NO~, the step P7c leads to the step PTe. By virtue of the steps P7e and P71, the steps
25  P7a through P7d are repeated until k is equal to K. The repetition of the steps P7a
through P7d has the effect of correcting all of the presence sample lines which are
included in one of the traffic lanes on the basis of the arrangement of the presence
sample lines detected in the step P6 shown in FIG. 22.
If the presence sample lines detected in the step P6 are positioned as shown in
30  Fig. 30(a), the number of the sample lines between the kth and (k+1)th presence sample
lines is as follows. Between the first presence sample line or the uppermost presence
sample line in Fig. 30(a) and the second presence sample line, there, and between the
second and third presence sample lines, there is no sample line. Between the third and
fourth presence sample lines, there are two sample lines in a range L1. Between the
35 fourth and fifth presence sample lines, there is no sample line. Between the fifth and
sixth presence sample lines, there are five sample lines in a range L2. Between the sixth
and seventh presence sample lines, there are seven sample lines in a range L3. Between

REPLACEMENT SHEET

08 JUL 1998




~sanpl e lines which have no sanple |line interposed therebetween and consi st

of the difference sanple lines, when both end presence sanple |ines of
said line group are spaced apart from each other at a distance in the
i mage corresponding to an actual route di stance al ong said road | arger

than a predeterm ned distance |evel, an®®vihen a nmean of 10 bri ght ness
| evel s of said series of presence sanple lines of said line group is

smal | er t han redet erm ned. | ' . £5S. SR/
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previously cte resence sanp 1d ste ). 30.
A traffic cermypst fiothe i the presenescsample inesrcoptainedyn the r 1&%, YN PEi si ng
the counted.
The step P7i leads to the step P7j in which a judgment is made upon whether
156  the counted number of the presence sample lines is smaller than the threshold level TH2
or not. If the answer in the step P7j is in the affirmative “YES~, the step P7j leads to

the step P7k in which all of the presence sample lines contained in the rth line group are

eliminated. If the answer in the step P7j is in the negative “NO~, the step P7j leads to

the step P71. By virtue of the steps P71 and P7m, the steps P7g through P7k are repeated

20  until ris equal to R. Note that R is the total number of the line groups contained in one

" of the traffic lanes within the measurement area. The repetition of the steps P7g

through P7k has the effect of further correcting all of the presence sample lines

included in one of the traffic lanes on the basis of the arrangement of the presence
sample lines corrected in the step P7d.

25 If the presence sample lines detected after the step P7d are positioned as shown

in Fig. 30(b), the number of the presence sample lines of the rth line group is as follows.

In the first line group denoted by L4, there are seven presence sample lines. In the

second line group denoted by L35, there is one presence sample line. In the third line

group denoted by L6, there are three presence sample lines. When, therefore, the

30  threshold level TH2 is determined to be equal to 3 and constant, the presence sample

lines of the second line group denoted by L5 are canceled as shown in Figs. 30(b) and

30(c) _

The threshold levels TH1 and TH2 determined in the steps P7a and P7h may

be equal to the number of the sample lines corresponding to quarter of the length of an

35 average vehicle represented in the image. As a result, the threshold levels TH1 and

TH2 for judging each of the line groups may become smaller as an actual route distance

from the video camera to a location on the road corresponding to a position of each of
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step “( k) of varying said predeterm ned di stance | evel , Which is utilized
for judging said 30 two presence sanple lines, in accordance with at |east

ohe of two actual route distance - al ong said road, one of said two
actual route distances being between said video canera . to an actual
| ocation on said road corresponding to~ osition of one of said two

presence sanple |ines in the i nmage, and the ot her of said two actual route
di st ances 1be| ng Deen saé;d |edeo caqﬁ e (r;ieactu teé C tlon on
sai d road C(ﬂ’? é‘é P 6" %arg PETon Bt o? Yol 8%ence
sanple |i nesbecmcmsnanrag@ an actual @nte distance :ﬁ@m the wdng@gmmntmﬁ:a jolgy

met hod of ”%ééihéd"ﬁr rS Vhife, Be ﬂlfe@ﬁélﬂ(levels TH1 and TH2 mdyHe06me 1:2Per® thd'e

I i it e e R
canera, Gonyhe positjort béeaaheﬁﬂledine groups becomes smallea) The reasort iis titat sheplehicd i t y
of sanple | ir@ﬁésén?edsﬂli ﬂe qﬂfahg Be&infetsliﬁ&er gsaﬁllg a%{uaf %lﬂe distance from the video
camera to the vehicle becomes smaller. If the threshold levels TH1 and TH2 are
determined in this way, the mistakenly detected presence sample lines in any position
and the unnoticed presence sample lines in any position can be eliminated and newly
10  detected, respectively, on an accuracy level with one another independently of the
actual route distance from the video camera.
An example of the process of correcting the presence sample lines on the basis
of the arrangement of the difference sample lines, performed in the step P8 shown in
Fig. 22, will be described in detail hereinafter with reference to Fig. 31 showing a
15 flowchart formed by steps P8a through P8i. The correction process based on the
arrangement of the difference sample lines is intended to eliminating the presence
sample lines which are detected by mistaking shadows of the vehicles and buildings for
the vehicles. More specifically, the difference sample lines are simply detected
depending upon a difference in brightness between the sample point image taken at the

20 time t, and the criterion brightness image, so that image areas representing the shadows
of the vehicles and the shadows of the buildings suddenly produced due to a sharp
variation of sunlight are liable to be detected as the presence sample lines. For this
reason, the presence sample lines mistakenly detected owing to the shadows of the
vehicles and buildings are required to be corrected on the basis of the arrangement of

25 the difference sample lines.

In the step P8a, are detected line groups each formed by a series of difference
sample lines and including no edge sample line. The reason why the line groups
including no edge sample line are required to be detected is described below. In
general, edges in the image areas representing shadows can be scarcely detected. In

30 addition, brightness levels of the sample points positioned in the image areas
representing shadows are relatively small. As a result, no edge sample line is usually
detected in the image areas representing shadows. This means that the image area
including edge sample lines may be thought to represent no shadow. In the step P8b,
the threshold level TH1 used for judging the kth line group is determined depending

35 upon an actual route distance from the video camera to a location on the road
corresponding to a position of the kth line group. In the step P8b, the threshold level
TH2 is also determined. The threshold level TH2 is representative of a certain
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the mean value BM is smaller than the threshold level TH2. Xf the answer in the step
P8f is in the affirmative ~YES~”, the step P8f leads to the step P8g in which the
presence sample lines corresponding in position to the difference sample lines,
15  respectively, contained in the kth line group are eliminated. If the answer in the step
P8f is in the negative "NO~, the step P8f leads to the step P8h. By virtue of the steps
P8h and P8i, the steps P8b through P8g are repeated until k is equal to K. The
repetition of the steps P8b through P8i has the effect of correcting all of the presence
sample lines contained in one of the traffic lanes within the measurement area, on the
20  basis of the arrangement of the difference sample lines.

The threshold level TH1 determined in the step P8b may be equal to the
number of the sample lines corresponding to quarter of the length of an average vehicle
represented in the image. As a result, the threshold level TH1 for judging each of the
line groups may become smaller as an actual route distance from the video camera to a

25  location on the road corresponding to a position of each of the line groups in the image
becomes larger. The reason is that the vehicle represented in the image becomes
smaller as an actual route distance from the video camera to the vehicle becomes larger.
While, the threshold level TH1 may become larger as the actual route distance from the
video camera to the location on the road corresponding to the position of each of the

30 line groups in the image becomes smaller. The reason is that the vehicle represented in
the image becomes larger as the actual route distance from the video camera to the
vehicle becomes smaller. If the threshold level TH1 is determined in this way, the
presence sample lines mistakenly detected due to the shadows can be eliminated on an
accuracy level with one another independently of the actual route distance from the

356  video camera.

The process of detecting the movement sample points performed in the step P9
shown in Fig. 22 will be described in detail with reference to Fig. 32 showing a
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{cC) l rreasurlng the state of trafflc congestion on the basis of said

movenent sanmpl e lines. 30 33. A traffic congestion neasuring nethod
as set forth in claim32, in which said step (b) conprises the steps
of : (bl) calculating a first difference i mage indicative of
a difference in bri ght ness bet weert f‘ﬁe‘ | mage taken at tinme t

corresponding to sai.d predeterm ned tinme 35 and the inmage taken at tine

t-ferr], [er Sitiveast erval ; (b2)

bi nari zi ng sg%’ﬂaﬁr{]@fmfff §tFB§1E% #‘Wﬁ’&h h a first predeternined

t hreshol d | evel t olnfthe step PPa,the mozement samplerpoints aredetentede Sinsa thei detecgionn| y
picture process 1s descnbed in detail in the aforesaid first embodiment with mfe?Qlce to Fig.

|
oal cul Bt eacé e GeRiriBkion of s deteiangarosass Pl be omittad bereip pith the inkentign of

cal cul ati ng
bri ght ness baoldiag théwepéaraddestription.at the time t and the inmmge taken at

time t+lerr], [er rin the step P9b, a threshold level TH1 used for judging the kth sample line is
determined on the basis of an actual route distance from the video camera to a location
on the road corresponding to a position of the kth sample line. In the step P9c, the
movement sample points on the kth sample line are counted.

10 The step P9c is followed by the step P9d in which a judgment is made upon
whether the counted number of the movement sample pomts exceeds the threshold
level TH1 or not. If the answer in the step P9d is in the affirmative “YES~, the step
P9d leads to the step P9e in which the kth sample line is detected as the movement
sample line. If the answer in the step P9d is in the negative *NO~, the step P9d leads to

15  the step P9f. The steps P9f and P9g cause the steps P9b through P9e to be repeated
until k is equal to K. The repetition of the steps P9b through P9e has the effect of
detecting all of the movement sample lines contained in one of the traffic lanes within

the measurement area.
The threshold level TH1 in the step P9b may be determined as follows. The
20  threshold level TH1 for judging each of the sample lines may become smaller as an
actual route distance from the video camera to a location on the road corresponding to
a position of each of the sample lines becomes larger. If the threshold level THI is thus
varied in accordance with the position of each sample line, the movement sample lines
in any position can be detected on an accurate level with one another independently of
25 the actual route distance from the video camera to the location on the road
corresponding to the position of each of the sample lines.

An example of the process of correcting the presence sample lines performed
in the step P10 shown in Fig. 22 in accordance with the arrangement of the movement
sample lines will be described in detail hereinafter with reference to Fig. 33 showing a

30 flowchart formed by steps P10a through P10g. The cotrection process based on the
arrangement of the movement sample lines is performed with the intention of
compensating the presence sample lines which are omitted in the steps P7a through P7f
shown in Fig. 29 and which are located within an image area representing a vehicle
body. If, more specifically, there is a vehicle on the road having a body image which

35 forms a small contrast with the criterion brightness image and within which the
variation in brightness is small, the presence of the vehicle can be scarcely detected as
the difference sample lines or edge sample lines. The omitted detection cannot be
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be equal to that in step P7a shown in Fig. 29. If both the threshold levels TH1 are equal

to each other, an object of the compensation through steps P10a to P10g can be limited

to the omitted presence sample lines which cannot be compensated through the steps

15 P7a to P7f, thereby making it possible to prevent useless correction processes from

being performed and prevent essential correction processes from being omitted.

In the step P10b, are counted the sample lines between the kth and (k+1)th
presence sample lines. In the step P10c, a judgment is made upon whether the counted
number of the sample lines is equal to or larger than the threshold level TH1 or not and

20 smaller than the threshold level TH2 or not. If the answer in the step P10c is in the
affirmative “YES ~, the step P10c leads to the step P10d. If the answer in the step P10c
is in the negative *NO~, the step P10c leads to the step P10f. .

The step P10c leads to the step P10d in which a judgment is made upon

whether there is at least one movement sample line between the kth and (k+1)th

25  presence sample lines or not. If the answer in the step P10d is in the affirmative
“YES~, the step P10d leads to the step P10e. In the step P10e, the sample lines
interposed between the kth and (k+1)th presence sample lines and comprising the
movement sample line are newly detected as the presence sample lines and added to the
previously detected presence sample lines. If the answer in the step P10d is in the

30 negative *NO~, the step P10d leads to the step P10f. By virtue of the steps P10f and
P10g, the steps P10a through P10e are repeated until k is equal to K. The repetition of
the steps P10a through P10e has the effect of correcting
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sections is calculated by an equation descried below.
D(m) = PSL(m) / TSL(m) o (Vi)

wherein D(m) is a spatial density of the mth mesh section, PSL(m) is the number of the
presence sample lines included in the mth mesh section, TSL(m) is the total number of
the sample lines contained in the mth mesh section. If the presence sample lines are
positioned as shown in Fig. 35, the spatial density of each of the mesh sections are as
follows. The spatial density of the mesh section denoted by M1 is 33%, the spatial
densities of the mesh sections respectively denoted by M2, M3 and M4 are 100%, the
spatial density of the mesh section denoted by M5 is 75%, the spatial density of the
mesh section denoted by M6 is 0% and the spatial density of the mesh section denoted
by M7 is 80%.

In the step P13 shown in Fig. 22, the ratio of the large-sized vehicles to all of
the vehicles is calculated in a manner described below. .

By the following equation, is firstly calculated a ratio Rt of the large-sized
vehicles to all of the vehicles which are lying in the traffic flow measurement area F
shown in Fig. 21 for a predetermined time such as 5 or 10 minutes.

Rt=N /Nyg ... (vi)

wherein Ny, is the number of the large-sized vehicles passing over the sense line DL
shown in Fig. 21, and Ny is the number of all of the vehicles passing over the sense line
DL. In the traffic flow measurement area F shown in Fig. 21, not only the number of
vehicles passing over the are F is detected but also the vehicles passing over the area F
are judged to be large-sized or average-sized. The ratio Rt is calculated depending
upon the results of the detection and the judgment.

In the step P14 shown in Fig. 22, the inter vehicle gaps of the vehicles are
calculated as follows. The inter vehicle gaps of the vehicles can be scarcely measured
directly depending upon the image information from the video camera. For this reason,
in practice the velocities of the vehicles or the number of the passing vehicles per
predetermined time are substituted for the inter vehicle gaps because of the fact that the
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poi nts in one of said series of | mages taken at a pr'edeterm' ned tine;

(c) ° calculating a density of the vehicles Iying on said road at said 5
predeterm ned tine on the basis of said presence sanple lines;

(d) estimating a large-sized vehicle_ratio indicative of a ratio of

| ar ge- si zed vehicles larger than asﬁ)redeterm' ned vehicle size to all

of the vehicles represented in the image taken at said predeterm ned
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the v ue calc ated by the equation (xi) as the inter vehicle gaps become larger. In
addition, the correction coefficient Re may be set more approximately to “1~ as the
inter vehicle gaps become smaller.

15 In the spatial measurement area E, the traffic congestion measuring umit
cannot derive traffic data from sensing devices except the video camera. If, therefore,
the inter vehicle gaps are relatively small, i.e., if the vehicles represented in the image

_taken by the video camera are overlapping with one another, the traffic congestion
measuring unit cannot detect the inter vehicle gaps. For this reason, other measurement

20  values varied in proportion to the inter vehicle gaps may be substituted for the inter
vehicle gaps. The other measurement values include, for example, the following spatial
velocities and the number of the passing vehicles per predetermined time detected in
the traffic flow measurement area F. Specifically, the correction coefficient Re may be
set more approximately to the value calculated by the equation (xi) as the spatial

25  velocity becomes larger. As the spatial velocity becomes smaller, the coefficient Re
may be set more approximately to *17. On the other hand, the correction coefficient
Re may be set more approximately to the value calculated by the equation (xi) as the
number of the passing vehicles becomes smaller. As the number of the passing vehicles
becomes larger, the correction coefficient Re may be set more approximately to ~1~.

30 In the step P15 shown in Fig. 22, the spatial density is corrected by multiplying
the spatial density of each mesh section by the correction coefficient Re calculated and
corrected in the foregoing manner.

The process of calculating the spatial velocities performed by the traffic
congestion measuring unit 82 will be summarily described with reference to Fig. 37

35  showing a flowchart formed by steps Q1 through Q15.

_ In the step QI, the sample point images are formed from two images
respectively taken at time ¢, and time t,+y. In the step Q2, is calculated, line brightness
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-sanpfé | ines being formed by a plurality of sanple points aligned on a line
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i

e vehicle
ines is

- 72 - 5 shown by the fdregoing fibstchattishgwnda Hig.037)esot thue theoddseriptionneithe
sanpl e lines defe&?olfﬁfgeéﬁ will be omitted herein with the intention of avoiding the repeated

description thereof.

In the step Q4, are detected as post-movement sample lines, the sample lines in

the image taken at the time t,+y, to which the movement sample lines is expected to be
10  respectively transferred from the image taken at the time t,. In the step QS5, are
calculated, velocities of the movement sample lines on the basis of which the post-

movement sample lines, respectively, can be detected.

In the step Q6, the sample point image taken at the time t, is divided into a

plurality of mesh sections. In the step Q7, is calculated, mean velocities each indicative

15  of a mean of the velocities of the movement sample lines included in each of the mesh
section. In the step Q8, is calculated a ratio of the movement sample lines to all of the
sample lines contained in the kth mesh section. At this time, objects of the ratio
calculations are not all of the movement sample lines but only the movement sample

lines on the basis of which the post-movement sample lines, respectively, can be

20 detected.

The step Q8 is followed by the step Q9 in which a judgment is made upon
whether the calculated ratio of the movement sample lines included in the kth mesh
section is larger than a predetermined threshold level or not. If the answer in the step
Q9 is in the affirmative “YES”, the step Q9 leads to the step Q10 in which the mean

25  velocity of the movement sample lines included in the kth mesh section is detected as
the spatial velocity in the kth mesh section. If the answer in the step P9 is in the
negative *NO~, the step Q9 leads to the step Q11 in which the spatial velocity in the

kth mesh section is set to Okm/h.

When the step Q10 leads to the step Q12, the spatial velocity in the kth mesh

30  section is smoothed through exponential smoothing techniques. By virtue of the steps
Q13 and Q14, the steps Q7 through Q12 are repeated until k is equal to K. The
repetition of the steps Q7 through Q12 has the effect of calculating the spatial velocities

of all of the mesh sections in the sample point image taken at the time t,,.

The steps Q1 through Q15 are repeated at regular intervals. Fig. 38 summarily
35  shows relationships between the results of the detection and the calculation in the steps

Q1 through Q15.

A first example of the process of detecting the post-movement sample lines
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of said absdﬂ?ﬁ%tﬁpﬁég‘ééﬁ%mﬁ ed in said step (e2) is smaller than
a predeterm ned | €l steppQdb is followed by the step Q4c in which a judgment is made upon

whether the smallest one of the absolute brightness difference values is smaller than a
15  predetermined threshold level or not. If the answer in the step Q4c is in the affirmative
“YES~, the step Q4c leads to the step Q4d in which the sample line in the prospective

post-movement area taking part in a production of the smallest absolute brightness
difference value is detected as the post-movement sample line to which the kth
movement sample line is expected to be transferred. If the answer in the step Q4c is in

20  the negative *“NO~, the step Q4c leads to the step Q4e in which a decision that there is
no post-movement sample point to which the kth movement sample line is expected to
be transferred is made. By virtue of the steps Q4f and Q4g following the steps Q4d and
Q4e, the steps Q4a through Q4e are repeated until k is equal to K. The repetition of the
steps Q4a through Q4e has the effect of making judgments whether or not there is a

25  post-movement sample line to which each of all the movement sample lines is expected
to be transferred and detecting the position of the post-movement sample line.

A second example of the process of detecting the post-movement sample lines
performed in the step Q4 shown in Fig. 37 will be described in detail hereinlater with
reference to Fig. 40 showing a flowchart formed by steps Q4A through Q4M.

30 In the step Q4A, a first prospective post-movement area in the sample point
image taken at the time t,+y is calculated depending upon the time interval y and the
position of the kth movement sample line in the sample point image taken at the time t,,.
The kth movement sample line is expected to be transferred from the sample point
image taken at the time t, into the first prospective post-movement area in the sample

35 point image taken at the time t,;+y. In the step Q4B, second and third prospective
post-movement areas are determined. The second prospective post-movement area
partially forms the sample point image taken at the time t,+y and is deviated upstream
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of the smallest one of said absol ute val yes judged to be smaller than
said predetermned level in said step (e%? 30 39. Atraffic
congestion neasuring nethod as set forth in claim37, in which said

t b f

of “Bal d)tﬁwé&%ﬁﬁhﬁﬁgh‘@ﬁé@@ﬁ“@ﬂ%ﬁ R T R
bri ght ness | pestmevementigeeaparially forms the gasaple poist image sakep at tha imedaiy andjis ne
which lies dadvestéd Ho@ﬁbtl%ﬂmLﬁiﬁﬁﬂfhaﬁ@s Eprd e@ﬁv@ﬁ@@-nﬂfvefn@ﬁt area by oR@NSSHifth.

sarple | es 1 (T R T Sl bt it Ao R
| evel s ofb t hindicatipé ef an absoluteovahiesof i differerce inbrighmesschepiveen! theakthuhowment es
?;E?Ct Ly on @niRuRaL i:f tP sinffle Bhinf Rhkke faken at the time t, and the mth sample line
contained in the first prospective post-movement area in the sample point image taken
at the time t,+y.
In the step Q4D, is calculated an absolute brightness difference value U2
10 indicative of an absolute value of a difference in brightness between the sample line
immediately adjacent to and positioned on the upstream side of the kth movement
sample line in the sample point image taken at the time t, and the mth sample line

included in the second prospective post-movement area in the sample point image
taken at the time t,+y.

15 In the step Q4E, is calculated an absolute brightness difference value U3
indicative of an absolute value of a difference in brightness between the saimple line
immediately adjacent to and positioned on the downstream side of the kth movement
sample line in the sample point image taken at the time ¢, and the mth sample line
included in the third prospective post-movement area in the sample point image taken

20  at the time t,Hy.

In the step Q4F, the absolute brightness difference values U1, U2 and U3 are
added to calculate a sum U,,. Owing to the steps Q4G and Q4H, the steps Q4C through
QAF are repeated until m is equal to M. The repetition of the steps Q4C through Q4F
has the effect of calculating all of the absolute brightness difference values U1 resulting

26  from the movement sample line and all of the sample lines contained in the first
prospective post-movement area, all of the absolute brightness difference values U2
resulting from the sample line upstream adjoining the movement sample line and all of
the sample lines contained in the second prospective post-movement area, and all of the
absolute brightness difference values U3 resulting from the. sarople line downstream

30 adjoining the movement sample line and all of the sample lines contained in the third
prospective post-movement area. The repetition further has the effect of calculating all -
of the sums each indicative of a sum of each absolute brightness difference value Ul,
U2 and U3.

In the step Q41, a judgment is made upon whether the smallest one of the sums

35 Uy is smaller than a predetermined threshold level or not. If the answer in the step Q41
is in the affirmative “YES~, the step Q41 leads to the step Q4J in which the sample line
in the first prospective post-movement taking part in a production of the
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t he novenent sanple lines in the image taken at said tinme t, and

said step (e) conprising the steps of: (el) determ ning a
firrst prospective post-novenent area in the inage taken at said tine
t[err]y, into which the novenent sanple Line is expected to be 5
transferred fromthe inmage taken at sai u’?ime t, on the basis of said
positive tinme interval y and an actual route distance fromsaid video

canmera to an_actual | td on..0n. “sai d road corr- ndi ition
of the nove e§§%ﬁngﬁ$‘i lﬁe‘ﬂ’t&&d as the posq'm?‘:fgen sﬂgﬁgr enﬁghg’hg‘é‘g gﬁé
prospective poyement\sample linerie axpectedite be trageferred. If theanswer inghé siep Qddistiny ,
which is dthh%txﬁEa&%S‘tNéamh%teﬁ '@I'léaﬂ?td%& %p%g{?‘insﬁﬁighﬁﬂéﬁéioﬂaxat the_re is

prospective post-novenment area, determnihg.a third
prospect i ve E‘éﬁﬂlﬂﬁ:ﬁ’é‘ﬁ@ﬁl’e"éﬁdéﬁ be trappferred frgm the mamergawaplﬁlwg igmade.\hj ch
i s devi at®d downst Bgammfmaestépsmlpirgmm theisteps Q4fAl thedugh Q4K m]?qxemﬂi ve
post - novenen}_arnea. c | ce
val ues each nﬁ% lg%t?%lgl ?fKar?hgﬁS%ﬁt‘f‘h%fe‘l o{éhe @La‘?s@%fﬂ%flgﬁgge&enfée tgéfimfg‘gﬁ) t he
mean bri ght ndefectingadl ofghe ppst-mexemenhsansplefines injthe sample point image; atdlgetimgk en

at said ti ﬁeg@zﬂa%ﬂimm%eﬁfehgﬁﬂtﬂéﬁné R\BS sadplepoilic Rhadeifkenafletinkd ()€
contained in said fifst pr Sﬁ%ﬁCt'Ve post - novenent "area in the image taken

at said ti medreexpegieq o transie; (e5) calculating absolute difference
val ues eah i ndi calfione nfvementdanmpleilire MVd iy positiored adishdven arFig. 4i¢a) e €iestt he
mean bri ght ngss. | &k ' | - ddr n
upstream si dgg%fdl (?)ﬁgdeﬁg\%ree%eqﬁ%f gg@pﬁélc'l [{ﬁ%%ﬁ% Bﬁéi ??r?wma%lg ]%nggfg n&g{eété%?g be

tine t and tHansiersad positipns s skowreipdiig ot 1 (Bl oAt the same timgngacend andethird postai ned
in said niVEMmBt A6RPEL hnd/PAD afd pd¥RICRER B svARm Fig. 4118).| Fakiee balps at

said time t "hes located at positions b, b-1 and b+1, respectively, in the sample point image taken
15  at the time t,+y shown in Fig. 41(b), take part in a production of the smallest one of the
sums calculated in the step Q4F, the sample line located at the position b is
representative of a post-movement sample line to which the movement sample line
MVd is expected to be transferred.
In the step QS5 shown in Fig. 37, the velocity Vk of each of the movement
- 20  sample lines is calculated in accordance with an equation described below.

Vk= (Lb-La)/y ... (xii)

wherein La is indicative of a coordinate of each of the sample lines in an axis which is
25 formed on sample point image at the time t, and which extends along the road, and Lb
is indicative of a coordinate of each of locations, to which each of the movement
sample lines is expected to be transferred, in an axis formed on sample point image at
the time t,+y and extending along the road.
In the step Q12 shown in Fig. 37, the exponential smoothing process for the
30  spatial velocity is performed in accordance with an equation described below.

V(m,ty) = (1-6) x Vmytag) + 0 x V(m,t,)
... (xiii)

35 wherein V(m,t,) is a spatial velocity in the mth mesh section at the time t,,, V(m,t,.,) is
a spatial velocity in the mth mesh section at the time t,;, and 0 is an exponential
coefficient and defined 0<@<1. By performing the exponential smoothing process,
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(eb) cal cul ating absolute difference val ues each indicative of an

absol ute 25 val ue of difference between the nean brightness |evel of the
sanple line which lies directly on a downstream si de of the novenent
sanple line in the image taken at said time t- and the nean brightness
| evel of each of the sanple lines contéiﬁéd in said third prospective
post-novenent ‘area in the inage taken at said tine t+y; (e7)

cal cul ati ng. Wil ee EDdsidh 6t ki, O iE N0 ROIRAAD 10hothie Bt yabsol Lt e

val ues cal cul ated i solute val ues c ul at ed

in saj dvideqpamers jis aﬁfaet‘éa ¥ igpget f%@%ﬂmt@ %n Gicthe apstrmam endl ofifhe 5 g
step (e6); traffic congestlon rdr@8 s detpateDas @tatlibsition of e wafficlcongestae Pig. 45 d

| | 7 |
ot oot er m nelhorseaAonyips betwedind ribsfReliinct, ipREBppSHoh Akenand he il
post - rmvénenposmmmfethﬂrnﬁic congestignpl e |ine which is 35 included in said
first post-novemenh i Sandpleof éﬁ%%oéﬂ@f‘d&éctﬁ@ tﬂettml"ﬁ?éﬁ af‘ﬂlevtﬂifﬁ@

takes part in production of_the est_one of Sal g dt

be smal | er t$PRgestion range pefopped iwnsﬁlﬁelaafﬁemng?wogamaasypeg g2’ wi iP5e

-74- described in detail hereinlater with reference to Fig. 43 showing a flowchart formed by
steps Z1+ through Z4’.

10 In the step Z1 ’, are counted the movement sample points included in each of

the mesh sections. In the step Z2', a movement density Mr(m) is calculated by
dividing the counted number of the movement sample points included in each mesh
section by the total number of the sample points contained in each mesh section.
In the step Z3 *, the mesh sections each having the spatial density D(m) larger
15  than a predetermined threshold level C1 and the movement density Mr(m) smaller than
a predetermined threshold level C2 are detected as a traffic congestion range. In the
step Z4 1, the upstream end of the traffic congestion range is detected as a tail position
of the traffic congestion.
The steps Z1 through Z4 shown in FIG. 42 and the steps Z1' through Z4
20 shown in FIG. 43 are repeated at regular intervals. Fig. 44 summarily shows
relationships between the required image data, and the results of the detection and the
calculation in the steps Z1 through Z4 and Z1* through Z4 .
The traffic congestion measuring units 82 shown in Fig. 20 are operated to
transmit, to the central control unit 100 in the traffic control center, the spatial densities
95 measured in accordance with the flowchart shown in Fig. 22, the spatial velocities
measured in accordance with the flowchart shown in Fig. 37, the tail position of the
traffic congestion measured in accordance with the flowchart shown in Fig. 42 or 43,
and the various measurement results derived from the traffic flow measurement area F
shown in Fig. 21. The central control unit 100 is operated to produce traffic
30  information useful to vehicle drivers who are driving on the highway shot by the video
cameras 81 and transmit the traffic information to the display control unit 92. The
information display board 91 is controlled by the display control unit 92 to dxsplay the
traffic information on its own screen.
According to the second embodiment, not all of the picture elements contained
35 in the image but the sample points corresponding to part of the picture elements
contained in the image are processed, so that data produced during the calculation

processes can be extremely decreased-inquantity. Hence, fhe traffic congestion
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40.  Atraffic congestion nmeasuring nethod as set forth in claim37,

Iggéhsép”m"mnmllwngm Prggzt fgieﬁf at sai d tjl me ti n'g 2) a b5 @ \;;: Slrglgl ts;i gf

mesh secttonfs; tand s (1) cal-cul ating nmean line velocities
each indicative of a mean of Iine - 08locities of the novenent sampl e
| ines contained in each of said nesh sections and detectlng as

spatial velociti es f th sh s t| ons aI cul at.ed

vel ociti es, spec t% ge sampleiﬂes, esﬁn\P? ?g'n %gﬁ%“ﬁlm
measuring rethiedithage taken at said ipredetesmisiech tirge andieadheof which has:@rbpgh@mglevﬁe
a1 er ﬁLnﬁﬁ""# 2&3{*@#2;%; %gaw PR °‘§8‘2§E§ﬁ%ﬁf‘?ﬁ‘ﬁ°”s
measuring mefls %ﬁt@eé?mﬂe HES, On the Dasiy, tationy
basis of & rmiluamfphe:kampiephmcdmrsamrspaﬁaﬂysdlfferenadtedmffemmeaimge, coni ng
and 90ing on sald 929 Afdleding! A PRk s 1ie8 o cabTBE SRIHEE iR | o0

caner a, COI’TpI’I S| erion

bri ght ness i mg:éteam beipresent dhediffsrense sample Hacs @oectedda seid stepid) and tlmdgn t he
vehicle is exifgkfided etbtRed SR step (f); and :

) measuring the state of traffic congestion on the basis of said presence
10  sample lines.

20. A traffic congestion measuring method as set forth in claim 19, in which said
sample lines set in said step (a) are aligned at space intervals in the image, the space
interval between two adjoining sample lines becoming smaller as two actual locations

15  on said road respectively corresponding to said two adjoining sample lines are more
remote from said video camera.

21. A traffic congestion measuring method as set forth in claxm 19, in which said
steps (b) through (h) are repeated at regular time intervals,
20 said step (b) comprising the step of forming the criterion brightness image

which is utilized for detecting said presence sample lines in the sample point image

taken at time t1 corresponding to said predetermined time, on the basis of the sample

point image taken at said time t1 and said criterion brightness image utilized for

detecting said presence sample lines in said sample point image taken at time t0 prior to
25  said time t1 by one regular time interval.

22. A traffic congestion measuring method as set forth in claim 19, in which said
step (d) comprises the steps of:
(d1)  detecting the sample points having the positive brightness difference
30  values each of which is larger than a positive predetermined level;
(d2)  detecting the sample points having the negative brightness difference
values each of which is smaller than a negative predetermined level; and
(d3)  detecting, as said difference sample lines, the sample lines each
including part of the sample points detected in said steps (d1) and (d2), a ratio of the
35 sample points detected in said steps (d1) and (d2) to all of the sample points contained
in each of the difference sample lines being larger than a predetermined level.
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,(b)‘\ detecting the vehicles represented in one of said series of inmages
taken at a ﬁmm, ' i on the basis of said criterion brightness
i mage and t lmr" u en at said predeternmined tine;

(c) renewi ng sai d"crfte’rl on brightngss inmage after said step (b); and
25 (d) repeating said steps (b) and (c) at predeterm ned
regul ar intervals, said criterion brightness imge being

renewed i n 23ai d sAprf(mc)onJggstmn mqﬂmﬂg)method as setdorth beclaias 22,Gh Iwhish sa1d

Blerr] = r
bri ght ness %?éé{/g) cobﬁ’h&é E@{tu?t{eve e sh%dsp?sénvrﬁvg%lg rﬁggtl ?ﬁnﬁfe{é ta en at 30
tinme t[err]levels syhich arg ugili yeging eash of thersamplepojntspinaccerdanqe ity an

- formng theacﬁmtreﬁﬂeo:ustance frlod ﬁaﬁ&nﬂdéo caman e ctual Wdatibs s 544 18ad ecti ng

L, e S SRRl ok spet SR Bl 1 L 1L
criterion brightness image which is utilized for detectlng the vehicles
br edlet or i g 7 o [affic congEdRni AR mbh af b touh LEQRHY 90, 5 Vil pid
is a variabite® @éé?‘PPE?“é the seps ased in proportion as [ err] becones |arge
and as a | ev@dll) of daleldtingfrhéan Brigtmesss idifferenicesvdldesr éael ihdicativer gfoged.
10  mean of the brightness difference values of the sample points contained in each of the
sample lines; '

(d2) detecting, as said difference sample lines, the sample lines having the
positive mean brightness difference values each of which is larger than a positive
predetermined level; and

15 (d3)  detecting, as said difference sample lines, the sample lines having the
negative mean brightness difference values each of which is smaller than a negative
predetermined level.

25. A traffic congestion measuring method as set forth in claim 24, in which said

20  step (d) comprises the step (d4) of varying said positive and negative predetermined
levels, which are utilized for judging each of the sample lines, in accordance with an
actual route distance from said video camera to an actual location on said road
corresponding to a position of each of the sample lines in the image.

25 26. A traffic congestion measuring method as set forth in claim 19, comprising the
step (i) of adding, when there are two presence sample lines sandwiching no presence
sample line and sandwiching at least one sample line therebetween and when said two
presence sample lines are spaced apart from each other at a distance in the image
corresponding to an actual route distance along said road smaller than a predetermined

30 distance level, the sample lines between said two presence sample lines as new presence
sample lines to the previously detected presence sample lines in said step (g).

27. A traffic congestion measuring method as set forth in claim 19, comprising the
step (i) of eliminating, when there is a line group containing a series of presence sample
35 lines which have no sample line interposed therebetween and when both end presence
sample lines of said line group are spaced apart from each other at a distance in the

image corresponding to an actual rquée~distance.along said road smaller than a
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.- 75‘- AtTaffic r:ongestlon measuri ng met hod of neasuring a

state of traf on on the basis of a notion picture which'
represents a “ﬂmw IQ@!@BEF com ng and going on said road and is
formed by a sef | es taken by a video camera, conprising the
steps of: (a)  calculat i@g' spatial velocities each

I ndi cative of a mean of velocities of the vehi cles represented in each

of nesh sect i nt ai.d r ad. repr esent ed taken at a
ot edet or m n O RTErRHeg diflehf oL seid Sérics R TRERRLS Sanigle ines. of FETBoh BEMR Do s
of said spatftomthteﬂr@aomslxeét;tetaedpmsmccsamplgémes rsaid step (@nge occupi ed by the

mesh sections in each of which the traffic congestion occurs; and 10

(c) detecting g tail position of said traffic cong on range.
44. A traPtic éofflscrrsestipnueisupgs methadas set foth m%lq HO@pawng%

:‘ ﬁ (r]I It 2: [ | \5/ . gtepqnmfleﬁnﬁ@athigewaélemefa)s aqine;g&biv:/%lr:]@ttmﬂmrmlwygﬁaériesdf?msm&s | ﬁac h
bach ot ¥ he Shruble Y ifch bave 5 siotSte The' fkrond ShetShelfiten el GonbisE 3F Ble

whi ch the t différececlampls linesy Wher both ¢ng prgsence sanipledines of auddmecgrou;amfeu c
.congesti on rsﬁeﬂﬂ& apalt ﬁ%hfba%ﬁ Bthef &t)a dPdtarcBn BRI @éod‘b%omlg}’to%ﬂ'a&ual route

spatial velocities. but so, sai d_nove den affic
congest i on pelogesal oA BeE b p BredRepRinGH Q}smn&slevﬂmwge%mem of
conpri silog brightnegpleyely obbaid séxesnofigesence samaple lineeof midiliny grouptis sinallets t he

vehicle towgrg , predetermined level, said series of presence sample lines of said line group from
the previously detected presence sample lines in said step (g).

29. A traffic congestion measuring method as set forth in claim 19, comprising the
156  steps of:

@ detecting, as movement sample lines, the sample lines on each of
which the moving vehicle is expected to be present in the image taken at said
predetermined time; and

)] adding, when there are two presence sample lines sandwiching no

20 presence sample line and sandwiching at least one sample line therebetween, when said
two presence sample lines are spaced apart from each other at a distance in the image
corresponding to an actual route distance along said road smaller than a predetermined
distance level, and when there is at least one movement sample line between said two
presence sample lines, the sample lines including the movement sample line interposed

26  between said two presence sample lines as new presence sample lines to the previously
detected presence sample lines in said step (g).

30. A traffic congestion measuring method as set forth in claim 29, comprising the

step (k) of varying said predetermined distance level, which is utilized for judging said
30 two presence sample lines, in accordance with at least one of two actual route distance

along said road, one of said two actual route distances being between said video camera

to an actual location on said road correspondmg to a position of one of said two

presence sample lines in the image, and the other of said two actual route distances

being between said video camera to an actual location on said road corresponding to
35  position of the other of said two presence sample lines in the image.

31. A traffic congestion measuring method of measuring a state of traffic
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‘the'ro?_d shot by said video canera, of the tail position of the traffic
congestion r din sald step.(c). | 46. Atraffic
congestion nﬂlﬂm“mummﬂﬂl s for*measuring & stiate of traffic 25

congestion.on*the basi®%s d&f & notion picypre which represents a road and

vehi cl es com ng and going on said road and is fornmed by a series of ,
I mges taken by a video canera, conprising: means for
setting a pluraligy of detetging, hd ptb%pecnvsfwd-mmwmntpampler Bnesg thehsapiple

said sanple,.lin n b | d on a
i ne 30 e]é‘? é’ﬁH?lb &ﬁcwge(gggﬁé}% g#&% vé% @I é?gﬂroa%gg%%‘ h&gﬁd each
of said sampﬁ Ehepnovﬂment samplealinesgnzthe imgge taken at sgid) time t is expected to bepans
for form ng, %I%ﬁéderl on brightness imge, in which no vehicle is
expected to be predent, taken b ‘@gtwdeo

cal cul atd ng a di f@renc@?"r’&fﬁ@ CINRS EAC “5{“?#13%%8 Yelocity of
bright ness heveaeéi @ﬂ@l@ﬂmﬁ&!aﬁbcsenlsml pdsitiventime intekent 'yaandaaprwuai eoute ned

qﬁans for

time and said crlt t '
i fTer ence. GatpeebeEr i MRaiydh'sld Sal FRRE Ky ne %5 Jﬂi“s@@“
bet ween eacmouemelttsamlqiims pod pach afithe pest-maygmentyemplelin es,

(2 measuring the state of traffic congestion on said road on the basis of

10 the line velocities of the movement sample lines calculated in said step (f).

38. A traffic congestion measuring method as set forth in claim 37, in which said
step (e) compriSes the steps of:
(el) determining a prospective post-movement area in the image taken at .
15 said time t+y, into which the movement sample line is expected to be transferred from
the image taken at said time t, on the basis of said positive time interval y and an actual
route distance from said video camera to an actual location on said road corresponding
to a position of the movement sample line;
(e2) calculating absolute values each indicative of a difference between
20  the mean brightness level of the movement sample line in the image taken at said time
t and the mean brightness level of each of the sample lines contained in said prospective
post-movement area in the image taken at said time t+y,;
(¢3)  judging whether each of said absolute values calculated in said step
(e2) is smaller than a predetermined level; and
25 (e4) detecting, as said prospective post-movement sample line, the sample
line which is included in said prospectiire post-movement area of the image at said time
t+y and which takes part in production of the smallest one of said absolute values
judged to be smaller than said predétermined level in said step (e3).

30 39 A traffic congestion measuring method as set forth in claim 37, in which said
step (b) comprises the step of calculating two mean brightness levels, one of said two
mean brightness levels being indicative of a mean of the brightness levels of the sample
points situated on the sample line which lies directly on an upstream side of each of the
movement sample lines in the image taken at said time t, and the other of said two mean

35 brightness levels being indicative of a mean of the brightness levels of the sample
points situated on the sample line which lies directly on a downstream side of each of
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“- sai d predeterm ned tlrre and each ‘of the sanple points in said
cr| ter| on brl,ﬂﬂ“ﬁ&"w”lm mﬂ’;e correspondi.ng in position to each other;
heans for det ence sanple li'hes, the sanple lines which are
situated in the |rrage fakén at said preggterm ned time and each of which
has a 5 brightness |evel having a difference larger than a predeterm ned

| evel from each of the sanple lines in said criterion brightness
i mage, on the basis of the brightness difference val ues of the sanple

8?:‘ ?tefeintni ;?bggdlsfér ﬁaﬁnce : n%ggl F’r‘?ﬁﬂ’é‘“gomgg\ogu?saf%nt% O{nd%:}ghltfgﬁlﬁron

-val ues respemnpnﬂhgthnedtepsg:fng to the sanple points in said difference 10

i mage; eler=h anpl e
| i nes which are, si tuat eg ﬁg&m&ﬁﬂﬁ%#l?m&gteaﬁgken a?gsal gafoéﬁe(ggltneetrt%ﬂggd tinme
and eachb of PN ofmeshisestipati@Rdss | evel having a difference larger

than a predeterm (pd | euﬁbulﬁuiﬁgnnem link demltfearaabﬁ dldl&ﬁiiveldf a mean lofidindi r ect
nei ghbor hood_.of. .eac nes, .Q

n
Gi tfor ont | aPFBHEEE Of i mexsieh it gy Sonsifed 8 pa8B 31 R menbiiaptiops and
di f f er ent i adetectilig, hespatiakvelovitips;of the mesh sections, thaealnglafed medatline velocities s
presence sapggbgﬁfv% s on each of which the vehicle is expected to be
present, sal rence sanple |ines and said edge sanple lines; and
means f& measuri ng the state of traffic congestion on the basis of said

presence sagp] e | An@affic2ongestion measuring method as set forth in claim 40, further
comprising the step (j) of setting, to zero, the spatial velocities of the mesh sections
smaller than a predetermined level.

15 42, A traffic congestion measuring method of measuring a state of traffic
congestion on the basis of a motion picture which represents a road and vehicles
coming and going on said road and is formed by a series of images taken by a video
camera, comprising the steps of: '

(a) forming a criterion brightness image which is taken by said video

20 camera and in which the vehicle is expected to be absent;

(b) detecting the vehicles represented in one of said series of images
taken at a predetermined time on the basis of said criterion brightness image and the
image taken at said predetermined time;

(c) renewing said criterion brightness image after said step (b); and

25 (¢)] repeating said steps (b) and (c) at predetermined regular intervals,

said criterion brightness image being renewed in said step (c) by an equation
described as follows:

By =By + 1 X (X,- By
wherein X, is a brightness level of each of picture elements forming the image taken at

30 time t,, B, is a brightness level of each of picture elements forming the criterion
brightness image which is utilized for detecting the vehicles represented in the image
taken at said time t,, B4 is a brightness level of each of picture elements forming the
criterion brightness image which is utilized for detecting the vehicles represented in the
image taken at time t,4,, each of said predetermined regular intervals is equal to t,,4-t,,

35 and 1 is a variable coefficient decreased in proportion as Ix,-B,| becomes large and as a
level of the traffic congestion on said road is increased.
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48

47. ' Atraffic congestion neasuring apparatus for neasuring a state of
traffic ' he basis of a notion picture which represents a
road and VejVumgmllﬁummng and going on said road and is fornmed by a

series of inhges ttak&n By & video : Cﬁm conprising: 25
means for setting a plurality of sanplé€ nes in said notion picture, each
of said sanple lines being formed by a plurality of sanple points

aligned on aline ... g&gé (gﬂn%pé%xg{%m&rgelgfn%ﬁtcﬁhfwedcﬂ Mﬁihﬁb Scﬁ'adrfifig gf

ext ends, and each %?

mean for dettb@ﬁrsﬁguctm elements:te alls@ftﬁbb @mtum@bmqnwecqmwdem @anbs?f ewndidate, of

30 which ,tﬁ&ﬁé%@ﬁﬁmgumd,ﬁ@amqnﬁégect ed to be present in the inage
taken at a pr ede time for asurl ng

the state of traf fiPEaE Bﬁt‘!ﬁf’af‘a@aﬁa@?@‘s(??c%vépgtﬁe%r b e
lines. 35 rati8larger thai 4 pfefletermined sl and neasuring apparatus for neasuring

a state of traffig, naéxs foﬁ&?ﬂﬁé%ﬁxﬁ Bre(ﬁ%L 6 nemei) £ whictPis TR ¥ gpjrlﬁggfg%a%ﬁ“ ch

represents a road a l a?OI ng on sail
formed by a ofdhe eandidate hlogks; in mﬁi@ye withiancastual istance from said camera to an

.actual location corresponding to a position of each of the candidate blocks in said

-
i-

image. . -

10

57. An image processing apparatus comprising:

means for separating picture elements included in an image taken by a camera
into two picture element groups on the basis of brightness levels of said picture
elements, one of said picture element groups consisting of a plurality of first picture

15  elements, and the other of said picture element groups consisting of a plurality of
second picture elements;

means for calculating first picture element ratios each indicative of a ratio of
the first picture elements to all of the picture elements contained in each of candidate
blocks which partially forms said image;

20 means for detecting the candidate blocks each having the first picture element
ratio larger than a predetermined level; and

means for varying, in size, each of the candidate blocks in accordance with an
actual distance from said camera to an actual location corresponding to a position of
each of the candidate blocks in said image.

25
58. (New) An image processing method as set forth in claim 52, further

-comprising the step of setting a plurality of sample points in said image, said picture
elements corresponding to said sample points, respectively, and being part of all picture
elements forming said image.

30 _
59. (New) An image processing method as set forth in claim 53, further
comprising the step of setting a plurality of sample points in said image, said picture
elements corresponding to said sample points, respectively, and being part of all picture

. elements forming said image. |
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- 77| - caner a, COITpI’ISIilﬁ means for setti ng a

Ip: ﬁregl Ibte?/ngffzﬁlmml““ﬂ mu id notion picture, each of sai d sanple

ty of sanple points aligned on a |line
perpendicular td a diredti dn .in which s? road extends, and each of said
evel

sanple points 5 havi ng a bri ght ness means for
detecting, as presence sanple lines, the sanple | ines on each of whi ch
the vehicl e ggs qawppct ed Arpnﬂﬁgeoﬁﬁﬁgsrﬁngo?ﬁabﬁup%@s%t Pérttl '€ cRiilnO58,"Risthet eVel
of the sanpl € points in one of sald series of |nages t aken, at. a

pr edet er m né'éPn%H“ﬁﬁlg means for setting a plysality of sample) Roints dn syd Amags said pigturg pe
vehi cl es | yigiémétits &ﬂe‘dpdﬂlﬁﬁg @lsaid3hsplkDointd réspRtdvely, aRdlbéih, EPaﬁ?Bfélfﬁcﬁ?&' s of

said presenc I nes means for esti ing a
| ar ge- si zed e&“é?ﬁ‘g?ém&%&%‘dmgéatl ve of a ratio of |arge- si zed ,
vehi cl esgl arger than a predetermned vehicle size to all of the vehicles
r epr esent ed inh the j mage taken at said redet ni.ned - apd
reans for - cdil GIePhg ¢ At aess rospesfig. kambt 8 b L h e 5. Sither
| ar ge- si zed cbmprisinghnedns fonsetiing a plurahtx}%f sample goiwth fin said imgge tshidnpiotaees ur i ng
apparatus fao rin affl n |s of
2P hot fon: pi Ut AHeAorktfe @fie Jumbleontes, esporcifely 458 biBE @B ol HEPERHE 507 g
on ‘sai d roacetlemehts forfningnsaiti image. seri es of i mages taken by a video

10 '

i my
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20 camera, conprising: ' “nmeans for setting a plurality of
sanple lines in said notion picture; each of, said sanple |ines being
formed by a plurality of sanple points aligned on:a |ine per pendi cul ar
to a direction in which said road extends, and each,of said sanple points
having a brightness level; 25 means for ‘cal cul ati ng nmean

bri ghtness | evels each indicative of a nean of bri ghtness | evel s of

t he sanple points situated on each of Qﬁ& sanple:|ines in the imge

taken at tinme t; means r %alculafing mean bright ness | evels
each indicative of a nmean of qfigntﬁté} | evel s of the sanple points
situated on each of the sanple lines ¥ the image 30 taken at tine
t+[err],[err] being a positive ti ‘ val ; means for
detecting, as novenment sanple l|ines\=} anple lines which are

i ncluded in the ineg e R—at—Ea-tt--8 ad—-R—each—of—yhi ch the vehicle
in mtion is D3 Rivision of Sapapledaint Image into M Zonegdns f or
detecting, as prospectH = - ' e e—sanple 35 lines

cach ' of theSaby gggﬁgﬁgﬁ%&mﬁﬁ dﬂfﬁ{“ﬁﬁ#@%@ﬁﬁg sara iO];'TeWPi i’
| |

Ve DU AA > | Ol

expected to be ransferre

S3c | Formation of Sample Point Images at Times ¢, t,-a ,, and ¢, +8

__
Calculation of First Difference Zone Indicative of
S3d Difference between : ]
The mth Zone of Sample Point Image at Time ¢, and
The mth Zone of Sample Point image at Time ¢ -

]
S3e | Formation of First Feature Abstractive Zone
by Binarizing First Difference Zone with Threshold Level TH1

. - 1 =
Calculation of Second Difference Zone Indicative of
Difference between : ]
S3f The mth Zone of Sample Point Image at Time t,, and
The mth Zone of Sample Point Image at Time ¢+ 8 ,,,

S3g | Formation‘of Second Feature Abstractive Zone
by Binarizing Second Difference Zone with Threshold Level TH2

N

s3h <a-M2 l
Y S3i | mem+1

S3j Formation of First Feature Abstractive Image
by Combining All of First Feature Abstractive Zones

s3k | Formation of Second Feature Abstractive Image
by Combining All of Second Feature Abstractive Zones

g3 | Formation of Product Image of First Feature Abstractive Image
Multiplied by Second Feature Abstractive Image

|
S3m | Detection of Sample Point Having Level of "1" in Product Image
as Movement Sample Point
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E
i- 78 - means for calculating line velocities each indicative

of a velocity of the movenent sanple |ine based on said positive tine
interval [err] and an actual route di stance between two | ocations on
said road respectively corresponding to each of the novenent sanpl e

| i nes and each of the post-novenent sanple lines; and 5 means
for measuring the state of traffic congestion on said road on the basis of
the line velocities of the novenent sanple |ines. 50. An i mage
processi ng nmet hod of processing an i @4 aken by a canera and

representing an object and a bacﬁroungpscorrprl sing the steps of: 10
formng a criterion brightness i . esenting only said background,
calculating a difference imge indicative of a difference in brightness

bet ween said i mage and sai@@ri on brightness imge;

j udgi ng whet her a brightness |e each of picture elenents formng said
difference inmage is Iarger thana ' 5

varyi ng said pr JELELI | 1 o] § judgi ng eadh of the
g . Fﬁ{ eﬁﬁ?@alré‘@%’ ck fromsaid dqanera to

pi cture el ePdra
aln act;JaI_ _ 1. Lebmsflﬁg on of eacht ﬁf dt he |pi cture
el ements in sal SIsofPo fonof e KtREarApleAGAR! 19 method corfpri sing

the steps of:

P4b :
Brightness Difference Value
of The mth Sample Point on
The kth Sample Line Is Larger
Than TH1 ?

Brightness Difference Value
of The mth Sample Point on
The kth Sample Line Is Smaller
Than TH2?

P4d | set of The mth Flag to "ON"

Y
P4f | mem+1

The Number
of Flags of "ON" Is
Larger Than

P4g

P4h | Detection of Difference Sample Line

Y
m<1
kek+1

P4
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20 calculating a first difference inmage indicative of a

difference in brightness between an inmage at tine t and anot her i nage
at tinme t-a, a being a predeterm ned positive tinme interval, and the
image at the time t and another inage at the tine t-a bei ng cont ai ned
in a series of imges taken by a video canera; bi nari zi ng

said first difference inmage with a first predeterm ned threshold |evel 25
to forma first feature abstractive inmage containing only picture el enments
each having a | evel of "0" or "1"26/44 cal cul ating a second
difference inmage indicative of a difference in brightness bet ween t he
image at the tine t and a further inmage at tine t+[err], [err] being a
predet erm ned positive tine intervaJE" d;zgs further image at the tine
t+[err] being 30 contained in said é@ﬂe I mages; :

bi nari zing said second difference image with a second predeterm ned
threshold level to forma second chargsggﬁgggstractive | mage cont ai ni ng
only picture el enents each havin | of "0" or "1";

T

cal cul ating a product of said first featul

second 35 featir Lrg [V Ei T rgkg -OgUCT & . |
s (il R R T g |
]

|
r
act ual distance on The Basis of Position of The kth Sample Line

pap | Calculation of Mean Value PM of Brightness Difference Values
of Sample Points on The kth Sample Line Larger Than TH1

[
Caiculation of Mean Value NM of Brightness Difference Values
P4C | of Sample Points on The kth Sample Line Smaller Than TH3

P4F

P4H| kek+1
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2 79- video canera to an actual |ocation corresponding to a position
of each of the picture elements in the imge taken at the tine t.

52. An i mage processing nethod conprising the steps of: 5

separating picture elenments included in an image taken by a canmera into two
pi cture el ement groups on the basis of brightness levels of said picture

el enents, one of said picture ek$gﬁgi groups consisting of a plurality
of first picture elenments, and the her of said picture el ement

groups consisting of a plurality ochozzpi cture el enents; 10
calculating first picture el ement os ch indicative of a ratio of the

first picture el ements to (algtapf )t he picture elenents contained in
each of candi date bI ocks artiall y forms said i mage

det ect ng oa o) .iav. Y . tH-e—g errent rati-o
| arge’%btéh Cﬁlcblf gﬁgﬁé Tb greni:? Eﬂalue SFEach Sé}ap ngf

pr edet er nilned | eyel Piffergntiation oF Difference,Iraage of t he

candi date bl ocks, in accordance wh an actual di stance fromsaid camera to
an act ual | TTON COTTe Unu gsTtTomofjeach of the

candi dat e bl'ock4 Be%egrgprﬁat OSItlvegThres?lod Level TH1,

gatlve Thres old Level TH2
and Positive Integer Threshold Level TH3
on The Basis of Position of The kth Sample Line

P5c
Spatial Differentiation Value
of The mth Sample Point
“on The kth Sample Line Is
Larger Than TH1?

P5d
Spatial Differentiation Value
of The mth Sample Point
on The kth Sample Line Is
Smaller Than TH2?

L.
el |

P5e |Set of The mth Flag to "ON"

P5f N
Y
P5g|mem+1
PSh The Number N -
of Flags of "ON" Is
Larger Than TH3?
P5i | Detection of Edge Sample Line
Y
REPLACEMENT SHEET P5kl me1
kek+1
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D8 © An | mage processing nmethod conprising the steps of: 20

separating picture elenents included in an imge taken by a canera into two
pi cture el enment groups on the basis of brightness |levels of said picture

el enents, one of said picture el enent groups consisting of a plurality
of first picture elenents, and the ot her of said picture el enent
groups consisting of a plurality of second picture el enents; 25
calculating first picture el enent ratiﬁ/‘? ch indicative of a ratio of the
first . picture elenments to all of e%“nmeeﬂmmmSCOMandin
each of the candi date bl ocks which partially forns said i mage;
detecting the candi date bl ocks eachehavi he first picture elenent ratio
| arger than a predeterm ned | evel; aﬂg.s varying, in size, each
of the candi date bl ocks in accordance with an actual di stance from

said canera to an actual |ocation cortgiggzirm]to a position of each of
en

the candi date bl ocks in said inmage. An i mage processing
apparatus for processing an jmage tak y a canera and 35 representing an

bj d bag : L$iN B g f \:
ortteri on B re S e e g |

>3

Determination of First And Second Positive Threshold Levels
PSB | TH1 And TH2, And First And Second Negative Threshold Levels
TH3 And TH4 on The Basis of Position of The kth Sample Line

I
P5C Calculation of Mean Value PM of Spatial differentiation Values
- of Sample Points on The kth Sample Line Larger Than TH1

P5D Calculation of Mean Value NM of Spatial Differentiation Values
of Sample Points on The kth Sample Line Smaller Than TH3

P5G

P51 | kek+1

ot r—a. e v v - -,
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i-80-‘ means for calculating a difference inmage indicative of

a difference in . brightness between said image and said criterion

bri ght ness i mage; means for judging whether a brightness

| evel of each of picture elenents formng said difference inage is

| arger than a predeternmined |evel or not; and 5 means for
varying the predetermned level, whigh is utilized for judging each of
the picture elements, in accor dance #9{44an actual distance from said
canera to an actual |ocationmcorr nding to a position of each of
the picture elenents in said lghggigflo 55. An i mage processing

neans. for calculating a first

di fference i nage indicative of a di e in bri ght ness between an
image at tine t and another a being a

pr edet er m ned posi tH-ve e : 2 hemtine t and
anot her i magePzah AL series of ipmges
taken by a video c@Br Ehe B@Sls of POSltlonSrﬁ-f § said first
di fference i mage wiith it 9 hol dil evel to foym a
first feature abstractive inage oo :' GG A'ﬁ LH—G el enents ach
having a | evel_ _of[ "0" "1" :Count of Sample Limesins for. cal cul ati ng a sfcond
di fference i nkd®}i b@ﬁw,e@n \TéledctfaAﬂd kehh Psesence Sample Lines

appar at us conpri si ng:

The Counted Number
of Sample Lines Is Smaller Than
TH1 ?

P7c

p7d | Detection of Sample Lines between The kth And (k+1)th
Presence Sample Lines, as New Presence Sample Lines

|

P7e k=K/ . *
Y P7f {kek+1
< | I
Classification of Presence Sample Lines into Line Groups
P79 |Each Containing A Series of Presence Sample Lines
1
P7h Determination of Threshold Level TH2
on The Basis of Position of The rth Group
C
P7i Count of Presence Sample Lines in The rth Group
. The Counted Number
P7j of Presence Sample Llnes Is Smaller
Than TH2 ?
Y
P7k Ehmmatlon of Presence Sample Lines in The rth Group
REPLACEMENT SHEET ¥
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brixght ness between the image at the time't and a further inmage at tine
t+[err], [err] being a 20 predeterni:ned.pasitive tinme interval, and the
further image at the time t+[err] being ° included in said series of

1 mages; means for binarizing said second difference inmage
with a second predeterm ned threshold level to forma second feature
abstractive image containing only picture elenents each having a | evel
of "0" or "I"; 25 . means fgé ?glculating a product of said first
feature abstractive inage and said 1748cond feature abstractive i mage to
forma product inmage; and means for varying [err] and [err],
which are utilized for discrimnating each of pi cture el ements anong
said series of inmages, in accordanFﬁsrﬁgi an actual distance fromsaid
vi deo canera to an actual |ocation Y Jonding to a position of each of
the 30 picture elenents in the i mage—taken at the tine t. 56. An
| mage processing appar at us conprisinﬂgﬂaiai ' means for separating
picture elements included_in an inmage tgken by a canera into two

pi cture el empgl groups on paee®E6n of Lind Grotp FOPfMedlg! b - of said picture 35

el ements, one of said pi 4t ArqurRis iFfSreneReRAABRI Binkgo| of a plurality of

first picture el ements, | ARl NPEASE Y ||9 gictpre el enment groups
consisting of a plurality ' S;

iﬁ

P8b Determination of Threshold Level TH1

on The Basis of Position of The kth Line Group
And Determination of Threshold Level TH2
Representative of Certain Brightness Level

P8c Count of Difference Sample Lines of The kth Line Group

Pad The Counted Number of

Difference Sample Lines Is
Larger Than TH1 ?

P8e | Calculation of Mean Valué BM of Brightness Levels
| of Sample Points in Each Sample Line of The kth Line Group

P8f

Mean Value BM

Is Smaller Than TH2
. ?

P89 | Elimination of Presence Sample Lines

Included in The kth Line Group

—y

| N
REPLACEVENT Srger | @ o 4&
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3

< 81: means for calculating first picture elenment ratios each
i ndicative of a ratio of the first picture elenents to all of the
picture elenments contained in each of candidate bl ocks which partially
forns said inmage; means for detecting the candidate bl ocks
each having the first picture elenent 5 ratio | arger than a
predeterm ned | evel; and nmeans for varying said predeterm ned
l evel, which is utilized for judging 3agh4 of the candi date bl ocks, in
accordance with an actual distance fromsaid canera to an act ua

| ocation corresponding to a position of each of the candidate bl ocks in

sai d I mge. 10 57. AnFﬁ539q3q20cessing appar atus conpri si ng:
means for separating picture elenments?inCltuded in an i mage taken by a
camera ‘into two picture el enment_groups on the basis of brightness

| evel s of said picture el enent said picture el ement groups
consisting of a plurality of first 5 elenents, and the other of

said picture el enment groups consisting ﬁf a plurality of . second
picture el enent pgq r : PShts]r st picture el ement
rati os each indicative LDstercat][q fﬁ&Je?ieFPQS}Hpﬁé ts

PSb Determination of Threshold TH1

on The Basis of Position of The kth Sample Line

P9c Count of Movement Sample Points
Situated on The kth Sample Line

Pod

The Counted Number
of Movement Sample Points
Is Larger Than TH1 ?

poe | Detection of The kth Sample Line
as Movement Sample Line

P9g | kek+1
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«t'he first picture elenents to all of the picture el enments contained in each
of céandi date bl ocks which partially fornms said i mage; 20

means for detecting the candi date bl ocks each having the first picture

el enent ratio larger than a predeterm ned | evel; and

means for varying, in size, each of the candidate bl ocks in accordance with
an actual distance fromsaid canmera to an actual |ocation
corresponding to a position of e 41 the candi date bl ocks in said

i mage. 25 58. (New) An i mageé processing nethod as set forth in
claimb52, further conprising the step of setting a plurality of sanple
points in said inage, said picture el ements corresponding to said
sanpl e points, respectively, and being part of all picture el enent s
formng said i mage. 30 59. (F\Fg}c 3 An i mage processing nethod as
set forth in claim53, further o:% sing the step of setting a
plurality of sanple points in said inmage, said picture el enent s

correspondi ng to said sanple points tively, and being part of al
picture el ements formng said@@

s
-

P10a | Determination of Threshold Levels TH1 And TH2
on The Basis of Positions ]
of The kth And (k+1)th Presence Sample Lines

P10b Count of Sample Lines ]
1 between The kth And (k+1)th Presence Sample Lines

The Counted Nurhber |
of Sample Lines

P10c TH1<( )<TH2 ?

There Is Movement Sample Line
between The kth And
(k+1)th Presence Sample Lines ?

P10d

P10e Addition of Sample Lines
between The kth And (k+1)th Presence Sample Lines
to Previously Detected Presence Sample Lines

-3
-

P10f <hekISN
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el -
in cla mb56,

60.
further

T e——
An i mage processing

(New)

apparatus as set forth

conpri sing :eans.f.or setting a plurality of

sanple points in said inage,
said sanpl e points,
el ements formng said i mage.

apparatus as set forth in claimb57,
setting a plurality of sanple points in said inmage,

respectively,

said picture

5 61. (New)

T4 1A

el ements corresponding to said sanpl e points,

and being part of all

“el ements corresponding to
pi cture

An i mage processing
conpri sing neans for
sai-d picture

respectively,

and being part

of all picture el ements formng said i mage. 10
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