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(57) ABSTRACT 

An image processing apparatus for extracting the Specified 
objects has a background image extract unit for extracting a 
background; a first average background extract unit which 
extracts an image that includes a plurality of Stationary and 
moving objects each having a Speed not higher than a 
predetermined first Speed and also the background; a Second 
average background extract unit which extracts an image 
that includes the Stationary and moving objects each having 
a speed not higher than a predetermined Second Speed and 
also the background; a first difference-calculation proceSS 
ing unit which calculates a difference between an output 
from the background image extract unit and an output from 
the first average background extract unit as a first Speed 
image; a Second difference-calculation processing unit 
which calculates a difference value between two outputs 
from the first and Second average background extract units 
as a Second Speed image, and a third difference-calculation 
processing unit which calculates a difference value between 
an original image and either one of outputs from the first and 
Second average background extract units as a third speed 
image. 
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IMAGE PROCESSINGAPPARATUS 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an image process 
ing apparatus for accurately extracting one or a plurality of 
objects utilizing a thresholded differential image processing 
technique when a plurality of Stationary objects and a 
plurality of moving objects are contained together in an 
image of a time Sequence of images. 
0.003 More specifically, the present invention relates to 
an image processing apparatus, which allows both a back 
ground image and an image including at least one Stationary 
object or at least one moving object (having a speed not 
more than a predetermined speed) to be extracted, and also 
allows a difference-calculation process to be carried out 
between the images. 
0004. In Such an image processing System, it is possible 
to distinguish a Stationary object or a moving object in the 
images and it is also possible to analyze the movement of 
each of the moving objects. 
0005 Further, the present invention relates to an image 
processing apparatus, in which a plurality of markers are 
provided in a background where the objects move, and these 
markers are extracted by utilizing an image processing 
technique similar to the case in which the moving objects are 
extracted, and further it is discriminated whether or not the 
thus extracted markers are in the steady State. 
0006 If the markers are in the steady state, portions 
where the moving objects and the markers overlap each 
other can be determined. Therefore, the number of the 
markers (the size of markers displayed in each image), 
which are in the Steady State and exist between two moving 
objects, can be calculated to obtain a distance between two 
moving objects. 

0007. In general, Supervisory systems using the above 
mentioned image processing technique can be utilized in 
various places. Each of these Supervisory Systems Serves to 
rapidly locate an accident, a disaster, and the like. Recently, 
Such Supervisory Systems are likely to be utilized for pre 
venting Such accidents, disasters, and the like, in addition to 
a function of merely detecting the existence of an accident, 
etc. 

0008 To meet this need, it is necessary to extract or 
identify an object which moves with an abnormal motion 
that will cause Such an accident, a disaster, and the like. 
Therefore, an efficient technique is needed for rapidly and 
accurately detecting a moving object which demonstrates 
Such an abnormal motion. 

0009 More specifically, it is required for the Supervisory 
System to detect and analyze the movement of each of a 
plurality of moving objects contained in a Series of images. 
Further, it is also necessary for the Supervisory System to 
rapidly calculate a distance between the two moving objects 
with a high degree of accuracy. 

0010) 2. Description of the Related Art 
0.011 Some techniques for analyzing the movement of 
each of a plurality of moving objects by utilizing an image 
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processing apparatus are typically disclosed in Japanese 
Unexamined Patent Publication (Kokai) No. 5-159057 and 
No. 5-159058. 

0012. In each of these techniques, first, regions where 
moving objects may be positioned are extracted using a 
predetermined assumption. Next, a specified moving object 
is distinguished from the other objects, on the basis of 
various characteristics, e.g., the size of each of the regions, 
and the central position of each region. Subsequently, in 
accordance with a change of the position of the moving 
object with a lapse of time, the movement of the moving 
object can be analyzed. 
0013 For example, when an analysis of the motion of a 
man is to be performed, a given portion of an image which 
is to be analyzed, is extracted from the image. Next, with 
respect to the extracted portion, i.e., an object to be pro 
cessed, various characteristics, e.g., the position of projec 
tions and the location of central positions, are calculated, 
and used to distinguish the object from the other portions. 
Further, the proceSS is executed with respect to a plurality of 
images in a time Series, i.e., continuous motion type images. 
0014. According to the above-mentioned technique, to 
ensure obtaining adequate attributes, e.g., a speed of the 
object, it is necessary to analyze all the areas where the same 
original object can exist in the time Series, and to identify the 
objects as the same original object. 
0015 More specifically, if a plurality of objects respec 
tively existing in a plurality of the time Series images are not 
accurately correlated with each other, by analyzing all the 
areas where the object can exist, it is difficult to calculate the 
Speed of the object with a Sufficiently high accuracy. 
0016. In the case where only one moving object exists, a 
process for correlating a plurality of objects in the continu 
ous images with each other is relatively simple. In this case, 
it is possible to easily obtain the attributes, e.g., a speed of 
the moving object, using changes in the time base. 
0017. However, especially in the case where a large 
number of moving objects exist in one image, a process for 
correlating a plurality of objects in the time Series images 
with each other for all the moving objects becomes difficult. 
0018 Further, when a plurality of stationary objects exist, 
as well as a plurality of moving objects, it becomes 
extremely difficult to rapidly complete Such a correlation 
process for all of the Stationary and moving objects using 
real time processing with a frame rate processing determined 
by a frequency of a Video signal. 
0019 Furthermore, when a plurality of moving objects 
respectively move with a speed different from each other, it 
becomes almost impossible to complete the correlation 
process for all of the moving objects using real time pro 
cessing determined by the frequency of a video signal (a 
Video frame rate). 

SUMMARY OF THE INVENTION 

0020. In view of the above-described problems existing 
in the prior art, the main object of the present invention is to 
provide an image processing apparatus which allows one or 
a plurality of objects to be rapidly and accurately extracted 
and analyzed, in a case where a large number of moving 
objects exist in a time Series image. 
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0021. A further object of the present invention is to 
provide an image processing apparatus which allows one or 
a plurality of objects to be rapidly and accurately extracted 
and analyzed, even in the case where a plurality of Stationary 
objects exist, as well as a plurality of moving objects. 

0022. A still further object of the present invention is to 
provide an image processing apparatus which allows the 
movement of each of a plurality of moving objects to be 
rapidly and accurately extracted and analyzed, even in the 
case where the plurality of moving objects respectively 
move with different speeds. 
0023. A still further object of the present invention is to 
provide an image processing apparatus which allows all of 
the Stationary and moving objects to be correlated with each 
other during real time processing with a processing rate 
determined by a frequency of a Video Signal, in the case 
where a plurality of Stationary objects exist, as well as a 
plurality of moving objects, and also in a case where the 
plurality of moving objects respectively move with different 
Speeds. 

0024. A still further object is to provide an image pro 
cessing apparatus which allows a distance between two 
moving objects to be calculated, So that an abnormal object 
motion that may bring about an accident, a disaster, and the 
like, can be rapidly detected. 
0.025 To attain these objects, the image processing appa 
ratus according to the present invention includes an image 
input unit which inputs an image including a background 
and a plurality of the objects, a background image extract 
unit which extracts the background; a first average back 
ground extract unit which extracts an image that includes 
one or a plurality of Stationary objects or moving objects 
each having a speed not higher than a predetermined first 
Speed and also includes the background; and a Second 
average background extract unit which extracts an image 
that includes the Stationary objects or moving objects each 
having a Speed not higher than a predetermined Second 
Speed and also includes the background. 
0026 Further, the image processing apparatus of the 
present invention further includes a first difference-calcula 
tion processing unit which calculates a difference between 
an output from the background image extract unit and either 
one of outputs from the first average background extract 
unit, and then generates a first image containing objects 
moving at a first Speed or Stopped; a Second difference 
calculation processing unit which calculates a difference 
between respective outputs from the first and Second average 
background extract units, and then generates a Second image 
containing objects moving at a Second Speed; and a third 
difference-calculation processing unit which calculates a 
difference between an output from the image-input unit and 
either one of outputs from the first and Second average 
background extract units, and then generates a third image 
containing objects moving at a third speed. 
0.027 Preferably, the image processing apparatus of the 
present invention includes a plurality of local-area charac 
teristic extract processing units which process outputs from 
the image-input unit. Each of the local-area characteristic 
extract processing units has a local-area determining unit 
which allocates the output from the image-input unit to each 
of a plurality of local areas, a labeling processing unit which 
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Separates at least one object from each of the local areas, by 
labeling the same object existing in each of the local areas, 
and a characteristic-amount calculating unit which calcu 
lates a plurality of characteristic-amounts or parameters, 
Such as length and circumference, for the thus labeled object 
in the local areas. 

0028. Further, preferably, the image processing apparatus 
of the present invention operates to calculate a difference 
between the background and an average background image 
at a low speed, and to extract one or a plurality of connected 
areas where objects overlap. 

0029 Further, preferably, the image processing apparatus 
operates to produce a projection for each of the connected 
areas, and to calculate the position of the corresponding 
object in accordance with the projection, and to calculate a 
plurality of characteristics. 

0030) Further, preferably, the image processing apparatus 
operates to estimate a change in the position of the object 
and a change in the characteristics of the object for each 
Sampling time period in the time Series, and to determine 
whether the object is a Stationary object, in a case where both 
the change in the position of the object and the change in the 
characteristics are Small. 

0031. In a preferred embodiment, the image processing 
apparatus of the present invention is adapted to calculate a 
distance between two moving objects. The image processing 
apparatus includes an image-input unit which inputs the 
image including a background and a plurality of objects, a 
marker holding unit which places a plurality of markers in 
the background; a moving object extraction unit which 
extracts a plurality of moving objects, a tracing means which 
traces the plurality of moving objects, a marker extract unit 
which extracts the markers existing between the two differ 
ent moving objects, and a distance measuring unit which 
calculates the distance between the moving objects, on the 
basis of the size of the extracted markers. 

0032. Further, in the image processing apparatus of a 
preferred embodiment, a plurality of other markers, which 
are not connected with each other by the marker holding 
unit, are provided in the background. 

0033. The image processing apparatus of a preferred 
embodiment further includes a connected-area position/ 
shape calculating unit which calculates the size, the shape, 
and the number of the markers, a marker dictionary unit 
which has a marker dictionary for Storing in advance the size 
and the shape of the markers, and a marker collating unit 
which collates the shape of the markers existing between 
two different moving objects and also collates the marker 
dictionary. 

0034) Further, the image processing apparatus of a pre 
ferred embodiment is adapted to calculate the number of the 
markers which can be identified as true markers based on a 
result of the collation in the marker collating unit, and to 
calculate the distance between two moving objects. 

0035) In a modified embodiment, the image processing 
apparatus of the present invention is adapted to calculate a 
distance between two cars in the case where a plurality of 
cars are the moving objects. In this case, a plurality of white 
lines are used as markers, these white lines are perpendicular 
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to the direction in which the carS move with equal spaces 
between adjoining white lines. 

0.036 Further, in this modified embodiment, the image 
processing apparatus has a distance measuring unit, which 
extracts the number of continuous white lines, and calculates 
the distance between two cars on the basis of the total Sum 
of Spaces between the continuous white lines between the 
tWO CarS. 

0037 According to the image processing apparatus of the 
present invention, a plurality of objects existing in an image 
can be classified into a plural images each with objects of a 
different speed therein on the basis of the speed of each 
object, and the images can be analyzed in a process inde 
pendent of each other. 

0.038. Therefore, in the case where there are a large 
number of objects moving at various Speeds, it becomes 
possible to Separate objects in a certain classified range of 
Speed from the remaining objects. Consequently, it becomes 
possible to easily and rapidly analyze the movement of only 
the objects within a certain range of Speed. 
0039. Further, according to the image processing appa 
ratus of the present invention, by extracting (or identifying) 
markers which can be easily processed by means of an 
image processing technique, portions where the moving 
objects and the markers overlap with each other can be 
easily determined, even though only a part of each moving 
object can be detected. Therefore, by calculating a distance 
between portions where the moving objects and the markers 
overlap with each other, it becomes possible to obtain a 
distance between two moving objects with a Sufficiently 
high accuracy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0040. The above objects and features of the present 
invention will be more apparent from the following descrip 
tion of the preferred embodiments with reference to the 
accompanying drawings, wherein: 

0041 FIG. 1 is a schematic block diagram showing an 
essential embodiment based on the principal of the present 
invention; 

0.042 FIG. 2 is a schematic block diagram showing a first 
preferred embodiment of an image processing apparatus 
according to the present invention; 

0043 FIGS. 3(A) and 3(B) are diagrams showing an 
original image taken by an image-input unit in a tunnel in 
different Sampling time, respectively; 

0044 FIG. 4 is a diagram for explaining a plurality of 
local areas in a first preferred embodiment of the present 
invention; 

004.5 FIGS. 5(A) and 5(B) are diagrams for explaining 
an example in which plural images are respectively 
extracted in a first preferred embodiment of the present 
invention; 

0046 FIGS. 6(A) and 6(B) are diagrams for explaining 
another example in which plural images are respectively 
extracted in a first preferred embodiment of the present 
invention; 
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0047 FIG. 7 is a block diagram showing the construction 
of local-area characteristic-amount extraction units in a first 
preferred embodiment of the present invention; 
0048 FIGS. 8(A) to 8(F) are diagrams for explaining 
operations of a first preferred embodiment of the present 
invention in the case where a plurality of Stationary objects 
and a plurality of objectS moving at a low Speed exist 
together; 

0049 FIGS. 9(A) to 9(F) are diagrams for explaining 
operations of a first preferred embodiment of the present 
invention in the case where a plurality of objects moving at 
a middle Speed exist; 
0050 FIGS. 10(A) to 10(F) are diagrams for explaining 
operations of a first preferred embodiment of the present 
invention in the case where a plurality of objects moving at 
a high Speed exist; 

0051 FIGS. 11(A) and 11(B) are diagrams for explaining 
operations of a first preferred embodiment of the present 
invention in the case where a large-scale car and a Small 
Scale car exist together; 

0.052 FIGS. 12(A) to 12(E) are diagrams for explaining 
operations of a Second preferred embodiment of the present 
invention in the case where a large-scale moving object and 
a Small-Scale moving object exist together in an airport; 

0.053 FIGS. 13(A) and 13.(B) are diagrams for explaining 
a process of obtaining a projection of a large-scale moving 
object in a Second preferred embodiment of the present 
invention; 

0054 FIGS. 14(A) to 14(C) are diagrams for explaining 
a process of calculating a distance between two moving 
objects in a first preferred embodiment of the present 
invention; 

0055 FIG. 15 is a schematic block diagram showing a 
third preferred embodiment of an image processing appara 
tus according to the present invention; 
0056 FIG. 16 is a block diagram showing in detail the 
main part of a third preferred embodiment of the present 
invention; 

0057 FIGS. 17(A) to 17(C) are diagrams showing the 
condition in which markers are provided and various infor 
mation about markers is registered in a marker dictionary, in 
a third preferred embodiment of the present invention; 

0.058 FIGS. 18(A) and 18(B) are diagrams for explaining 
a process of Setting a region to be processed for the passage 
of moving objects in a third preferred embodiment of the 
present invention; 

0059 FIGS. 19(A) to 19(C) are diagrams respectively 
showing a region to be processed, a binary code processing 
unit, and a noise canceling unit, in a third preferred embodi 
ment of the present invention; 

0060 FIGS. 20(A) to 20(C) are diagrams for explaining 
a process of labeling a given object in a third preferred 
embodiment of the present invention; 

0061 FIGS. 21(A) and 21.(B) are diagrams for explaining 
a process of projecting a labeled object in a third preferred 
embodiment of the present invention; 
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0062 FIGS. 22(A) and 22(B) are diagrams for explaining 
a process of extracting a moving object which is a car having 
a color other than white and which passes through markers, 
in a third preferred embodiment of the present invention; 
0063 FIGS. 23(A) to 23(C) are diagrams showing other 
markers which can be utilized in a third preferred embodi 
ment of the present invention; 
0064 FIGS. 24(A) and 24(B) are diagrams for explaining 
a process of extracting a moving object which is a white car 
and which passes through markers, in a third preferred 
embodiment of the present invention; 
0065 FIGS. 25(A) to 25(E) are diagrams showing vari 
ous tables which are utilized for calculating a distance 
between two moving objects in a third preferred embodi 
ment of the present invention; and 
0.066 FIGS. 26(A) to 26(E) are diagrams for explaining 
a process of extracting a contour in a connected area in a 
third preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0067 FIG. 1 is a schematic block diagram showing an 
essential embodiment based on the principal of the present 
invention. In FIG. 1, fundamental components necessary for 
realizing an image processing apparatus of the present 
invention are illustrated. In this case, it is assumed that a 
plurality of Stationary objects (i.e., stopped objects) and a 
plurality of moving objects are contained together as a group 
of objects in an image which is to be processed. 
0068. As shown in FIG. 1, an image processing appara 
tus of the present invention includes an image-input unit 1, 
a background image extract unit 2, a first average back 
ground extract unit 3, a Second average background extract 
unit 4, a first difference-calculation processing unit 5, a 
Second difference-calculation processing unit 6, and a third 
difference-calculation processing unit 7. 
0069 More specifically, an image-input unit 1 is typically 
constituted by a video camera, and Serves to input an image 
including a background and all the objects captured by the 
Caca. 

0070 The background image extract unit 2 extracts only 
a background by excluding the Stopped objects and the 
moving objects from the input image. If the Stationary 
objects and the moving objects do not exist in the image, the 
input image is Stored in the background image extract unit 
2. This background may be incorporated in advance into an 
image processing apparatus or image processing System. 

0071. The average background extract unit 3 extracts an 
image which includes the Stationary objects, moving objects 
each having a low Speed, and the background. 

0.072 The second average background extract unit 4 
extracts an image which includes the Stationary objects, the 
moving objects each having a low speed, moving objects 
having each having a middle Speed, and the background. 

0073. The first difference-calculation processing unit 5 
calculates a difference between an output from the back 
ground image extract unit 2 and an output from the first 
average background extract unit 3. Further, the first differ 
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ence-calculation processing unit 5 generates a first image 
including slow moving and Stationary objects. 

0074 The second difference-calculation processing unit 
6 calculates a difference between an output from the first 
average background extract unit 3 and an output from the 
Second average background extract unit 4. Further, the 
Second difference-calculation processing unit 6 generates a 
Second image including objects moving at a higher speed. 

0075. The third difference-calculation processing unit 7 
calculates a difference value between an output from the 
image-input unit 1 and an output from the Second average 
background extract unit 4. Further, the third difference 
calculation processing unit 7 generates a third image includ 
ing objects moving at a Still higher speed. 

0076. Here, as shown by an image “a” in FIG. 1, it is 
assumed that a stopped or Stationary car exists in a traffic 
lane on the left Side of a road, and also a low Speed car 
moving at a low speed exists in the same traffic lane, and 
also an obstacle (indicated by a black mark in FIG. 1) exists 
in the same traffic lane. Further, it is assumed that two 
middle Speed cars each moving at a middle Speed exist in the 
traffic lane at the right Side of the road. In Such a case, the 
operation of the image processing apparatus of the present 
invention will be described. 

0077 First, an image “a” is sent from the image-input 
unit 1 and input to the background image extract unit 2, the 
first average background extract unit 3, and the Second 
average background extract unit 4. Next, the image “a” is 
processed by the background image extract unit 2 and an 
image “b' including a background (background image) is 
output. The image “a” is also processed by the first average 
background extract unit 3, and an image “c” is output. The 
image “a” is also processed by the Second average back 
ground extract unit 4, and an image “d' is output. 

0078. Thereafter, an image “e” corresponding to a dif 
ference between the background image “b' and the image 
“c” is output by the first difference-calculation processing 
unit 5. Further, an image “f” corresponding to a difference 
between the image “c” and the image “d” is output by the 
Second difference-calculation processing unit 6. Further, an 
image "g corresponding to a difference between the image 
“d” and the image “a” is output by the third difference 
calculation processing unit 7. 

0079 More specifically, a stopped car, a low speed car, 
and an obstacle existing in a traffic lane at the left Side of a 
road are extracted by the first difference-calculation proceSS 
ing unit 5 and output in the image “e”. Further, two middle 
Speed cars existing in the traffic lane at the right Side are 
extracted by the Second difference-calculation processing 
unit 6 and output in the image “f”. 

0080 However, in this case, a high speed car moving at 
a Speed higher than the middle Speed does not exist. There 
fore, nothing is extracted by the third difference-calculation 
processing unit 7 and output in the image "g". 

0081. In this way, it becomes possible to easily and 
Selectively extract the movement of a plurality of moving 
objects, e.g., cars, which move at different Speeds, at a 
relatively high rate corresponding to a frequency of a Video 
Signal. 
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0082 Hereinafter, a more detailed description of and 
preferred embodiments of the present invention will be 
given with reference to FIGS. 2 to 26(E). Further, any 
component which is the same as that mentioned previously 
will be referred to using the same reference number. 
0.083 FIG. 2 is a schematic block diagram showing a first 
preferred embodiment of an image processing apparatus 
according to the present invention. 

0084. In FIG. 2, each of an image-input unit 1, a back 
ground image extract unit 2, and a first average background 
extract unit 3 have the Same construction as that shown in 
FIG. 1. Therefore, each of these components in FIG. 2 is 
indicated with the same reference number as that is used in 
FIG. 1. 

0085. Further, unlike the apparatus in FIG. 1, the image 
processing apparatus shown in FIG. 2 includes N average 
background extract units where N denotes any natural 
number more than 2:N>2. Here, these extract units include 
a Second average background extract unit through an N-th 
average background extract unit will be indicated as the N-th 
average background extract units 4'. 

0.086 Also, the image processing apparatus shown in 
FIG. 2 includes N+1 difference-calculation processing 
units. Here, these difference-calculation processing units 
include a third difference-calculation processing unit 
through an N+1-th difference-calculation processing unit 
will be indicated as N+1-th difference-calculation process 
ing units 7". 
0087. The image processing apparatus shown in FIG. 2 
further includes a first local-area characteristic-amount 
extract unit 8, a Second local-area characteristic-amount 
extract unit 9, N+1-th local-area characteristic-amount 
extract units 10, and a locus calculation unit 20. 

0088. The first average background extract unit 3 extracts 
one or a plurality of Stopped objects, one or a plurality of 
objects moving at a low speed, and a background. Further, 
the N-th average background extract units 4' extracts one or 
a plurality of Stopped objects, a plurality of moving objects 
moving at Speeds ranging from a low speed to a high Speed, 
and a background. By utilizing these first average back 
ground extract unit 3 and N-th average background extract 
units 4', it becomes possible to generate images in which 
objects are classified by Speed ranges. 

0089. In this case, between the first average background 
extract unit 3 and the N-th average background extract units 
4', the Second average background extract unit 4 shown in 
FIG. 1 may be provided. 

0090 The first difference-calculation processing unit 5 
calculates a difference between an output from the back 
ground image extract unit 2 and an output from the first 
average background extract unit 3. 

0.091 The second difference-calculation processing unit 
6 calculates a difference between an output from the first 
average background extract unit 3 and either one of the 
respective outputs from the N-th average background extract 
units 4'. 

0092. The N+1-th difference-calculation processing units 
7' calculates a difference between either one of the respec 
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tive outputs from the N-th average background extract units 
4' and an output from the image-input unit 1. 
0093. In such a construction, by virtue of plural differ 
ence-calculation processing units, it becomes possible to 
extract objects moving at a given Speed or at the Speed not 
higher than the given Speed. In this case, as already 
described with reference to FIG. 1, the image processing 
apparatus may be constructed with only two average back 
ground extract units (N=2). 
0094. The number of these difference-calculation pro 
cessing units depends on the number of average background 
extract units provided on the input Side. However, the 
number of the difference-calculation processing units is 
independent of the average background extract units. It can 
be optionally determined which combinations of two out 
puts are Selected from among the respective outputs from the 
average background extract units, to calculate the difference 
between the different outputs from the average background 
extract units, depending on the Speed range(s) for which 
extraction of objects is desired. That is, the target Speed 
ranges determines the number of difference-calculation pro 
cessing units. 
0.095 However, the maximum number of the difference 
calculation processing units that can be provided is repre 
Sented by the following equation: 

0096 where X is a sum of the number of the average 
background extract units, the background image extract unit, 
and an original image (from the image-input unit). 
0097. For example, in the case of FIG. 1, a value of X is 
4, and the maximum of the difference-calculation processing 
units becomes 6. 

0098. The first local-area characteristic-amount extract 
unit 8 receives an output from the first difference-calculation 
processing unit 5. Further, as hereinafter described, the first 
local-area characteristic-amount extract unit 8 checks or 
determines whether certain characteristic-amounts or 
parameters that can be used to identify an object, which will 
for Simplicity be called an object parameter, exists in a given 
first local area and calculates a characteristic or parameter 
concerning the shape of an object in the area, and the like. 
These characteristic amounts or parameters can include 
length, circumference, center-of-gravity and will be dis 
cussed in greater detail later herein. 
0099. In this case, by checking whether or not any 
characteristic-amounts or parameters exist, the change in 
position of an object can be determined. Further, by calcu 
lating a characteristic concerning the Shape of the object, an 
attribute of the object having the Shape, e.g., a bus, or a 
passenger car, can be determined. 
0100. The second local-area characteristic-amount 
extract unit 9 receives an output from the second difference 
calculation processing unit 6. Further, as hereinafter 
described, the Second local-area characteristic-amount 
extract unit 9 checks whether any characteristic-amounts or 
object parameters exist in a given Second local area and 
calculates a characteristic or parameter concerning the shape 
of the object, and the like. 
0101 The N+1-th local-area characteristic-amount 
extract units 10 respectively receives outputs from the 
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N+1-th difference-calculation processing units 7". Further, as 
hereinafter described, the N--1-th local-area characteristic 
amount extract units 10 checks whether any characteristic 
amounts or parameters exist in the N--1-th local area and 
calculates a characteristic or parameter concerning the shape 
of a specified object, and the like. 
0102) The locus calculation unit 20 detects the change in 
existence of characteristic-amounts or object parameters in 
the time Series images and calculates a locus of the same 
moving object, on the basis of an output from each of a 
plurality of local-area characteristic-amount extract units 9, 
10. 

0103 More specifically, the locus calculation unit 20 
includes a character analyzing unit 20-1 which determines a 
locus of the same moving object, on the basis of a character 
concerning the Shape of the moving object. 
0104 Further, the locus calculation unit 20 includes a list 
making unit 20-2 which detects an existence of the moving 
object in each of a plurality of local areas in time Series, on 
the basis of an output from each of the local-area charac 
teristic-amount extract units 9, 10, and which creates a list 
with respect to the results of the detection. 
0105. Further, the locus calculation unit 20 includes a list 
analyzing unit 20-3 which analyzes the list and recognizes a 
locus of the same moving object, even in a case where a 
large-scale moving object exists with a plurality of Small 
Scale moving objects. 
0106 FIGS. 3(A) and 3(B) are diagrams showing origi 
nal images which are taken by an image-input unit in a 
tunnel at different Sampling times, respectively. In this case, 
an example, in which an image processing apparatus of the 
present invention is applied to a Supervisory System for 
Supervising a road in a tunnel, will be described. 
0107 More specifically, FIG. 3(A) indicates an original 
image which is taken at a certain or first Sampling time and 
by means of an image-input means 1 that is placed in the 
tunnel; and FIGS. 3(B) indicates another original image 
which is taken in a different or Second Sampling time that 
occurs Several Seconds after the first Sampling time and by 
the Same image-input means 1. The image-input means, e.g., 
a Video camera, continuously takes images in the tunnel at 
high rate corresponding to a frequency of a Video signal, 
which are Sampled by a technique using a Sampling time 
interval function Such as a time Series filter. That is, the 
image Samples used for processing are taken at a frequency 
that is lower than the Video frequency and can be as much 
as Several Seconds apart. Therefore, other images can be 
obtained during the Sampling time period between the two 
images respectively shown in FIGS. 3(A) and 3(B). How 
ever, the illustration of the other images or images between 
those of FIGS.3(A) and 3(B) will be omitted to simplify the 
explanation of FIGS. 3(A) and 3(B). 
0108) As apparent from FIGS. 3(A) and 3(B), in a traffic 
lane on the right Side R, moving objects, e.g., a plurality of 
cars, normally move. However, in a traffic lane on the left 
Side L, a stopped or Stationary car P exists in the lane, and 
the tail lamps of the car P are flashing as illustrated by the 
dots. Also, an obstacle P (for example, a fallen object) 
exists at the back of or behind the stopped car P. Further, 
it is assumed that the car P which follows P. decelerates and 
moves at a low Speed, Since the car P has seen the obstacle 
P. 
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0109 Further, an image area which is captured by the 
image input means 1 is allocated or divided into a plurality 
of local areas, as shown in a diagram of FIG. 4. In FIG. 4, 
L0 to L4 denote local areas which are used to trace cars 
moving in the traffic lane on the left Side L. Among these 
local areas L0 to L4, a local area L0 is used to detect a 
large-scale car in the traffic lane on the left Side, while local 
areas L1 to L4 are used to trace all the cars on the left Side. 

0110. On the other hand, R0 to R4 denote local areas 
which are used to trace carS moving in the traffic lane at the 
right Side R. Among these local areas R0 to R4, a local area 
R0 is used to detect a large-scale car in the traffic lane on the 
right side, while local areas R1 to R4 are used to trace all the 
cars on the right Side. 
0111 FIGS. 5(A) and 5(B) are diagrams for explaining an 
example in which imageS containing objects moving at 
different speeds are respectively extracted in a first preferred 
embodiment of the present invention. For example, one 
extracted image will include objects moving at a first Speed 
and another extracted image will include objects moving at 
a Second Speed different from the first Speed. 
0112) In FIGS. 5(A) and 5(B), all the objects are classi 
fied into three types of objects based on their speed. These 
three types of objects are stopped objects, objects moving at 
a low speed, and objects moving at a high Speed, and the 
images containing these objects are output from the respec 
tively corresponding extract units, as already described in 
FIG. 1 and FIG. 2 (N=2). 
0113 To be more specific FIG. 5(A) shows a background 
Stored in a first image memory 2-1 in a background image 
extract unit 2. This background is input to a look-up table 
(2) (in FIGS. 5(A) and 5(B), “look-up table” is abbreviated 
“LUT”) in a first difference calculation processing unit 5, as 
one input “i” of the look-up table (2). As the other input “j” 
of the look-up table (2), an image corresponding to a Sum 
of a background image, a stopped objects image, and an 
image of moving objects moving at a low speed (Back 
ground+Stop+Low speed) is input to the look-up table (2). 
0114. As shown in FIG. 5(B), if a value of i-ji is equal 
to or larger than a threshold value th2 (for example, th2=50; 
i-jeth2), the look-up table (2) outputs the value of li-il as 
an output "k”. With respect to a background image, Since a 
value of one input “i' is equal to a value of the other input 
j”, a value of the output “k” is zero (k=0). Therefore, with 
respect to the output “k” of the look-up table CD, the value 
of i-produces an output only in those portions of the input 
image where Stopped objects and moving objects at a low 
speed exist, and this is then input to a look-up table CD as 
one input “i”. That is, the output “k” includes stopped 
objects and Slow moving objects only. 
0.115. At this time, the other input “” of the look-up table 
CD receives an input image (Background+Stopped+Low 
Speed+Middle Speed--High speed), which is taken by an 
image-input means 1. This input image includes a back 
ground image, Stopped objects (including an obstacle), 
objects moving at a low speed, objects moving at a middle 
Speed, and objects moving at a high Speed. Therefore, the 
value of i-il input to the look-up table CD produces an 
output only in a portion where stopped objects and moving 
objects at a low speed exist (Stopped--Low speed). 
0116 
one input 

In this case, as shown in FIG. 5(B), if a value of 
“i” of the look-up table CD is equal to or larger 
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than a threshold value th1 (for example, th1=5; ie th1), the 
look-up table CD outputs the value of the other input "j" as 
an output “k”. On the other hand, if a value of one input “i” 
of the look-up table CD is smaller than the threshold value 
th1, a value of the output “k” is zero (k=0). Therefore, with 
respect to the output “k” of the look-up table CD, only 
Stopped objects and objectS moving at a low Speed are 
extracted from the input image (Stopped-i-Low Speed). That 
is, the output of the table CD is an image that includes only 
the Stopped and Slow moving objects found in the latest 
image from the image-input means 1. 
0117) Further, in FIGS. 5(A) and 5(B), an input image, 
which is captured by the image-input means 1, is also input 
to a look-up table (3) in a first average background extract 
unit 3, as input “i'. On the other hand, an image, which has 
been Stored in a Second image memory 3-1, is also input to 
the look-up table (3) as the other input “j”. In this case, if 
a value of one input “i” of the look-up table (3) is equal to 
a value of the other input “” thereof, the same image as that 
Stored in the image memory 3-1 is output from the look-up 
table (3), and then stored again in the image memory 3-1. 
0118 Further, if a value of (i-j) is in the range from zero 
through th31 (for example, th31=10; 0s (i-)sth31), a 
value, which is obtained by adding an offset value C31 (for 
example, C31 =1) to a value of the other input “”, is output 
from the look-up table (3). At the same time, the thus 
obtained value is also Stored in the image memory 3-1. If a 
value of (-i) is in the range from Zero through th31(0s (j- 
i)sthå1), a value, which is obtained by Subtracting an offset 
value O.31 from a value of the other input “”, is output from 
the look-up table (3). At the same time, the thus obtained 
value is also stored in the image memory 3-1. 
0119 Further, if a value of (i-j) is larger than a threshold 
value th31 and equal to or smaller than a threshold value 
th32 (for example, th32=255; th31<(i-j)sthå2), a value, 
which is obtained by adding an offset value C. 32 (for 
example, C. 32=3) to a value of the other input “j”, is output 
from the look-up table (3). At the same time, the thus 
obtained value is Stored in the image memory 3-1. If a value 
of (-i) is larger than a threshold value th31 and equal to or 
Smaller than a threshold value tha2 (for example, th32=255; 
th31<(i-j)sthå2), a value, which is obtained by subtracting 
an offset value C. 31 from a value of the other input “”, is 
output from the look-up table (3). At the same time, the thus 
obtained value is also Stored in the image memory 3-1. 
0120 In this way, a value of an output “k” which is output 
from the look-up table (3) is a portion of an image including 
the background, stopped objects (this background and 
Stopped objects exist in the condition =), and also objects 
moving at a low speed exist (Background+Stopped+Low 
speed). The reason why the output “k” is an output that 
includes image portions including objects moving at a low 
speed will be hereinafter described. The output “k” from the 
look-up table (3) is input to a look-up table (2)" in a second 
difference-calculation processing unit 6, as one input'i'. 
0121. At this time, as the other input “” of the look-up 
table (2)", an image including the background, stopped 
objects, objects moving at a low Speed, and objects moving 
at a middle Speed (Background+Stopped +Low Speed-- 
Middle Speed) is input. In this case, this image has been 
output from a look-up table (4) that will be hereinafter 
described. The look-up table (2)" is implemented in a 
manner similar to the case of the look-up table (2) shown in 
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FIG. 5(B). Therefore, if a value of i-ji is equal to or larger 
than a threshold value th2 (i-jeth2), the look-up table (2)" 
outputs the value of i-ji as an output “k”. 
0.122 With respect to the image portion corresponding to 
the background and the objects moving at a low speed, since 
a value of one input “i' is equal to a value of the other input 
j", a value of the output “k” from the look-up table (2)" is 
Zero (k=0). Therefore, with regard to the output “k” of the 
look-up table (2)", the value of li-il produces an output only 
in those portions of the image where objects moving at a 
middle speed exist (Middle speed), and then this image is 
input to a look-up table CD' as one input “i”. 
0123. At this time, as the other input “” of the look-up 
table CD', an input image, which is captured by the image 
input means 1, is input. This input image includes the 
background, Stopped objects, objects moving at a low Speed, 
objects moving at a middle Speed, and objects moving at a 
high speed. Therefore, the value of ": is input to the 
look-up table CD ' produces an output only in a portion of the 
image where objects moving at a middle speed exist (Middle 
Speed). 
0124) In this case, the look-up table CD ' is constructed to 
operate in a manner similar to the case of look-up table CD. 
Therefore, with regard to the output “k” of the look-up table 
CD", only objects moving at a middle speed are extracted 
from the input image (middle Speed). 
0.125 Further, in FIGS. 5(A) and 5(B), an input image, 
which is taken by an image-input means 1, is also input to 
a look-up table (4) in a second average background extract 
unit 4, as one input “i'. On the other hand, an image, which 
has been Stored in a third image memory 4-1, is also input 
to the look-up table (4) as the other input “j”. In this case, 
if a value of one input “i” of the look-up table (4) is equal 
to a value of the other input “” thereof, the same image as 
that Stored in the image memory 3-1 is directly output from 
the look-up table (4), and then stored again in the image 
memory 4-1. 
0126 Further, if a value of (i-j) is in the range from zero 
through th41 (for example, th41=10; 0s (i-)sthå1), a 
value, which is obtained by adding an offset value C.41 (for 
example, C41=1) to a value of the other input “”, is output 
from the look-up table (4). At the same time, the thus 
obtained value is also Stored in the image memory 4-1. If a 
value of (j-i) is in the range from Zero through th41(0s (j- 
i)s th41), a value, which is obtained by Subtracting an offset 
value C42 from a value of the other input “”, is output from 
the look-up table (4). At the same time, the thus obtained 
value is also stored in the image memory 4-1. Further, if a 
value of (i-j) is larger than a threshold value th41 and equal 
to or smaller than a threshold value th42 (for example, 
th42=255; th41<(i-j)sth42), a value, which is obtained by 
adding an offset value C. 42 (for example, C42=10) to a value 
of the other input "j", is output from the look-up table (4). 
At the same time, the thus obtained value is Stored in the 
image memory 4-1. 
0127. In this way, the value of an output “k” in output 
from the look-up table (4) is a portion of the image 
including the background, Stopped objects, objects moving 
at a low speed, and also objects moving at a middle exist 
(Background+Stop-i-Low Speed--Middle Speed). The reason 
why an output "k outputs Such image portions including 
objects moving at a middle Speed will be hereinafter 
described. The output “k” from the look-up table (4) is input 
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to the look-up tables (2)" as the other input "j", and also 
input to a look-up table (2)" in a third difference-calculation 
processing unit 7, as one input “i'. 
0128. At this time, as the other input “” of the look-up 
table (2)", an input image, which is captured by the image 
input means 1, is input. The input image includes the 
background, Stopped objects, objects moving at a low Speed, 
objects moving at a middle Speed, and objects moving at a 
high speed. The look-up table (2)" is implemented in a 
manner similar to the case of the look-up table (2) shown in 
FIG. 5(B). Therefore, if a value of i-j is equal to or larger 
than a threshold value th2 (i-jeth2), the look-up table (2)" 
outputs the value of i-ji as an output “k”. 
0129. With respect to the image portion corresponding to 
the background, the objects moving at a low Speed, and the 
objects moving at a middle Speed, Since a value of one input 
i” is equal to a value of the other input “”, a value of the 

output “k” from the look-up table CD" is zero (k=0). 
Therefore, with respect to the output “k” of the look-up table 
(2)", the value of i-ji produces an output only in those 
portions of the image where objects moving at a high Speed 
exist (High speed), and then this image is input to a look-up 
table CD “as one input “i”. 
0130. At this time, as the other input “” of the look-up 
table CD", an input image, which is captured by the image 
input means 1, is input. This input image includes the 
background, Stopped objects, objects moving at a low Speed, 
objects moving at a middle Speed, and objects moving at a 
high speed. Therefore, the value of i-jinput to the look-up 
tabled CD produces an output only in a portion of the image 
where objects moving at a high Speed exist (High speed). 
0131. In the above-mentioned embodiment, plural 
images are generated on the basis of plural reference Speeds, 
and plural types of objects are individually extracted from an 
original image based on the Speed ranges. Therefore, it 
becomes possible to reduce the number of the objects which 
are to be Supervised and processed, for example, to those 
objects having a low Speed. All others are filtered out. 
0132 A detailed description will now be given regarding 
why an offset value is added to an output of the look-up 
tables (3) and (4), or subtracted from the output of these 
look-up tables, to modify and Store data in the image 
memories 3-1 and 3-2. 

0.133 When there is a difference between the data stored 
in each of these image memories and an input image which 
is larger than a predetermined threshold value, the data in 
each of these image memories are modified by adding or 
Subtracting the offset value to or from the input image. 

0134. When the movement of an extracted object is slow, 
the data in the image memories can be modified before the 
object moves outside a region of an original or first image in 
which the object appears. 

0135) In such a situation, it is possible to make the data 
Stored and output by the image memories conform to the 
input image, by frequently modifying the data with a rela 
tively small offset value. 

0.136) However, when the movement of an extracted 
object is fast, the object can move outside a region of an 
original or first image in which the object appears in a short 
time and finally disappear. To address this problem, it is 
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necessary to modify the data with a relatively large offset 
value because the number of times available for opportuni 
ties for modification is reduced. 

0.137 Namely, in detecting an object moving at a high 
Speed, the offset value is Set to a large value, and the data in 
the image memories are intended to be rapidly modified. On 
the other hand, in detecting an object moving at a low Speed, 
the offset value is set to a Small value, and the data in the 
image memories are intended to be modified for a longer 
period of time. In Such an approach, the offset value is 
changed in accordance with the Speed of the moving object 
to be processed. Therefore, even when there are a lot of 
moving objects to be processed, the difference in Speeds 
between these moving objects can be easily discriminated, 
and all the necessary objects can be distinguished from each 
other. 

0138 FIGS. 6(A) and 6(B) are diagrams for explaining 
another example in which images containing objects moving 
at different Speeds are respectively extracted in a first 
preferred embodiment of the present invention. 

0139 More specifically, FIG. 6(A) illustrates a plurality 
of imageS which are captured during a Sampling time period; 
and FIG. 6(B) illustrates an image in which a plurality of 
moving objects have been classified into Several groups on 
the basis of different speeds. 

0140. As shown in FIG. 6(A), it is assumed that both a 
moving object A moving in the direction indicated by arrows 
and a stopped object B exist in the Scene/image. In each 
image captured at Sampling times t, t2, . . . t. the moving 
object A and the Stopped object B are positioned as indicated 
in the upper part of FIG. 6(A). All the images are respec 
tively stored in memories (not shown) and accumulated. 
Further, the thus accumulated images are averaged, and an 
average background is calculated. 

0.141. In this case, a stopped object B can be extracted 
with a value which is obtained by accumulating the above 
mentioned images of the number of n and averaging the thus 
accumulated imageS. Namely, Since the Stopped object B 
does not change position at each Sampling time t1, t2, ... t. 
the Stopped object B can be easily extracted from the 
average background as shown in the lower part of FIG. 
6(A). 
0142. On the other hand, with respect to the moving 
object A, especially in a case where the movement of the 
moving object A is fast, a plurality of moving objects A exist 
in the respective images at corresponding Sampling times t, 
t, ... t. that do not overlap with each other. By carrying out 
an averaging process, one moving object A positioned at a 
certain Sampling time t and a plurality of backgrounds 
including the object at different positions of the number of 
(n-1) at Sampling time t2 . . . t. are averaged together. 
Therefore, an image density value of a moving object A in 
Such an averaged image is extremely Small. More specifi 
cally, the density value of the moving object A is Smaller 
than a threshold value, and consequently when the averaged 
image compared or tested against the threshold the moving 
object A disappears from the average background. AS a 
result, the Stopped object B remains in the average back 
ground, while the moving object A appears not to exist in the 
average background. 
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0143. In this case, the image only including the moving 
object A can be easily extracted by calculating a difference 
between the average background and each image at each 
Sampling time t1, t2, . . . t 
0144) Further, as shown in FIG. 6(B), where a moving 
object D moving at a low Speed and a moving object E 
moving at a middle Speed exist, as well as the Stopped object 
B, these moving objects D, E can be distinguished from each 
other. 

0145 The location of the moving object D moving at a 
low Speed at Sampling time t, ta partially overlaps with a 
location of moving object D at the first Sampling time t. 
However, the moving object D at the fourth Sampling time 
t does not overlap with the location of the moving object D 
at the first sampling time t. 
0146). Further, a moving object E moving at a middle 
Speed at a second Sampling time t partially overlaps with the 
location of moving object E at the first Sampling time t. 
However, the location of moving object E at the third 
Sampling time t does not overlap with the location of 
moving object E at the first Sampling time t. 
0147 Therefore, if two images at Sampling time t, t are 
accumulated and divided by two, the density value of the 
moving object D moving at a low Speed, the moving object 
E moving at a middle Speed and the moving object A 
becomes Smaller than a threshold value in the thus divided 
image. Therefore, in this way only the Stopped object B can 
be extracted. That is, the Stopped object can be isolated. 
0.148. Further, if two images at Sampling time t, t and t 
are accumulated and divided by three, the density value of 
the moving object E moving at a middle Speed becomes 
Smaller than a threshold value in the thus divided image. 
However, as described above, the object D moving at a low 
Speed at Sampling times t, t partially overlaps with the 
object D at a first Sampling time t and consequently the 
moving object D can be extracted. At this time, the Stopped 
object B also can be extracted, simultaneously with the 
moving object D. In this case, by Subtracting the former 
image obtained on the basis of the two images captured at 
Sampling times t, t from the latter image obtained on the 
basis of the three images captured at Sampling times t, t 
and ts, the moving object D can be finally distinguished from 
the other objects B, E. 
0149 Further, if the stopped object B and the moving 
object D moving at a low speed are eliminated from an 
original input image, the moving object E at a middle Speed 
can be isolated and extracted. 

0150. By using the above technique, it is possible to 
accurately extract all the objects in an original input image, 
even in a case where moving objects exist in the images each 
having a speed higher than the middle Speed. In this case, it 
should be noted that a background can be extracted, together 
with the stopped object B. 
0151. In such an implementation, by utilizing a technique 
different from that in FIG. 5(A), it becomes possible to 
output an image corresponding to a Sum of a background, 
Stopped objects, and objects moving at a low speed (Back 
ground+Stop-i-Low speed) from a first average background 
extract unit. Also, it becomes possible to output an image 
corresponding to a Sum of a background, Stopped objects, 
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objects moving at a low speed, and objects moving at a 
middle speed (Background +Stop-i-Low speed--Middle 
Speed) from a second average background extract unit. 
0152. In a first difference-calculation processing unit, on 
the basis of these images, it is possible to calculate a 
difference between a background output from a background 
image extract unit and the image containing objects moving 
at a low Speed which is output from the first average 
background extract unit. Consequently, a portion of an 
image including Stopped objects, and objects moving at a 
low speed can be obtained from the first difference-calcu 
lation processing unit. 

0153. Further, in a second difference-calculation process 
ing unit, it is possible to calculate a difference between the 
image output from the first average background extract unit 
and the image output from the Second average background 
extract unit. Consequently, a portion of an image including 
objects moving at a middle Speed can be obtained from the 
Second difference-calculation processing unit. 

0154 Further, in a third difference-calculation processing 
unit, it is possible to calculate a difference between the 
image output from the Second average background extract 
unit and an original input image. Consequently, a portion of 
an image including objectS moving at a high Speed can be 
obtained from the third difference-calculation processing 
unit. 

O155 For example, in FIG. 1 again, it is assumed that the 
first average background extract unit 3 only extracts a 
background, Stopped objects (including obstacles), and 
objects moving at a low speed. Also, it is assumed that the 
Second average background extract unit 4 only extracts a 
background, Stopped objects, objects moving at a low Speed, 
and objects moving at a middle Speed. In Such a case, an 
image “c” is obtained from the first average background 
extract unit 3, while an image “d” is obtained from the 
Second average background extract unit 4. 

0156. As a result, an image “e' only including the 
Stopped objects and the objects moving at a low Speed is 
obtained from the first difference-calculation processing unit 
5. Further, an image. If only including the objects moving at 
a middle Speed is obtained from the Second difference 
calculation processing unit 6. Further, an image "g only 
including the objects moving at a high Speed is obtained 
from the third difference-calculation processing unit 7. 

O157 However, it should be noted that there is no moving 
object at a high speed in the example shown in FIG. 1. 

0158. In this case, nothing appears in the image “g”. 
Therefore, in the case where nothing appears in the three 
imageS “e”, “f” and “g, an original input image is Stored in 
the background image extract unit 2. 

0159 Further, with reference to FIG. 2 again, each of a 
first local-area characteristic-amount extract unit 8, a Second 
local-area characteristic-amount extract unit 9, and an N+1- 
th local-area characteristic-amount extract units 10 have the 
Same construction. Therefore, the construction of the first 
local-area characteristic-amount extract unit 8 which calcu 
lates object parameterS Such as center of gravity, length, 
circumference, etc. will be representatively described with 
reference to FIG. 7 described in detail hereinafter. 



US 2002/O126875 A1 

0160 FIG. 7, is a block diagram showing the construc 
tion of the first local-area characteristic-amount extract unit 
in a first preferred embodiment of the present invention. 

0161 In FIG. 7, an area of the whole input image (the 
entire captured image), which is taken or captured by an 
image-input unit 1, is allocated (or divided) in advance into 
a plurality of local areas. 

0162 For example, as shown in FIG. 4 mentioned pre 
viously, a plurality of local areas L0 to L4 are established as 
local areas which are used to trace cars moving in the traffic 
lane on the left side L. On the other hand, a plurality of local 
areas R0 to R4 are established as local areas which are used 
to trace carS moving in the traffic lane on the right Side R. 

0163. Further, for these local areas, a plurality of local 
area extract processing units 8-1, 8-2, ... 8-m (“m' denotes 
any natural number more than 2) respectively are provided. 
For example, in FIG. 4, local areas L0 to L4 and local areas 
R0 to R4 are provided on the left side Land the right side 
R, respectively. Therefore, in this case, it becomes necessary 
to provide ten local area extract processing units (m=10). 

0164. Further, for a first local area in FIG. 7, a first local 
area extract processing unit 8-1 includes a first local-area 
determining unit 11-1, a first noise canceling unit 12-1, a first 
labeling processing unit 13-1, and a first characteristic 
amount calculation unit 14-1. 

0.165 More specifically, the first local-area determining 
unit 11-1 defines one of the local areas which must be 
processed by the first local area eXtract processing unit 8-1. 
For example, in the case where the first local-area deter 
mining unit 11-1 is to process a local area L0, the first 
local-area determining unit 11-1 defines the range of the 
local area L0 and extracts a portion of the input image within 
this range. The first noise canceling unit 12-1 eliminates 
noise from a Signal which is Sent from the first local-area 
determining unit 11-1. Typically, the noise canceling unit 
12-1 is implemented by a low pass filter. 

0166 The first labeling processing unit 13-1 carries out a 
labeling process. The labeling process is executed to provide 
the same label to each of the same objects with respect to 
input images generated in time Series in the given local area. 

0167 The first characteristic-amount calculation unit 
14-1 checks to determine whether the thus labeled area 
exists. If a plurality of the thus labeled area actually exist, 
the first characteristic-amount calculation unit 14-1 pro 
duces a projection for each of the labeled areas, and further 
calculates a position of the “center-of-gravity in each of the 
labeled areas, the value of the length and breadth of each of 
the labeled areas, and the value of an area (space) in each of 
the labeled areas. Namely, the first characteristic-amount 
calculation unit 14-1 estimates a plurality of characteristic 
amounts or object parameters for each of the labeled areas 
that can be used to identify and track objects. 

0.168. In a similar manner, the other local area extract 
processing units 8-2 . . . 8-m respectively include the 
corresponding local-area determining units 11-2 . . . 11-m, 
the corresponding noise canceling units 12-2 . . . 12-m, the 
corresponding labeling processing unit 13-2 ... 13-m, and the 
corresponding characteristic-amount calculation unit 
14-2 . . . 14-m. 
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0169 FIGS. 8(A) to 8(F) are diagrams for explaining 
operations of a first preferred embodiment of the present 
invention in a case where a plurality of Stationary objects 
(e.g., a stopped car and an obstacle exist in the same Series 
of images) and a plurality of moving objects exist together. 

0170 In FIG. 8(A), it is assumed that there are a stopped 
car P which has tail lamps flashing, an obstacle P, and a 
low speed car P, at a certain Sampling time “t', to simplify 
the explanation. In this case, an output from the first differ 
ence-calculation processing unit 5 is indicated by an image 
shown in FIG. 8(C). In this image, all the objects including 
the obstacle P are extracted. When this image and the local 
areas in FIG. 4 are overlapped with each other, an image as 
shown in FIG. 8(E) is obtained. In FIG. 8(E), cars exist in 
a portion of the local areas L1, L2 and L4. Therefore, 
characteristic-amounts or object parameters can be calcu 
lated for the three local areas. 

0171 An image as shown in FIG. 8(A) changes to 
another image as shown in FIG. 8(B) at the sampling time 
when Several Seconds have elapsed after the Sampling time 
“t' (i.e., Sampling time “t--Several Seconds'). That is, the 
images of 8(A) and 8(B) are captured with a sampling 
interval of Several Seconds between them. Further, an output 
from the first difference-calculation processing unit 5 is 
indicated by the image shown in FIG. 8(D). When this 
image and the local areas in FIG. 4 overlap with each other, 
similar to the case of FIG. 8(C), an image as shown in FIG. 
8(F) is obtained. In FIG. 8(F), cars exist in the local areas 
L2 and L4. Therefore, characteristic-amounts can be also 
calculated in these two local areas. 

0172 The characteristics or parameter extraction is pro 
cessed in a time Series and used by a list making unit 20-2 
in a locus calculation unit 20 of FIG. 2, and a list is created 
by the list making unit 20-2. An example of the list is shown 
in the following table 1. Each of the circles (O) in the table 
1 indicates that characteristic-amounts, Such as the center 
of-gravity, can be or are obtained at each corresponding 
Sampling time; namely, any object (including an obstacle) 
exists at the given time in the area. The list is used to track 
the location or locus of an object by the list analyzing unit 
20-3. In this case, as is apparent from FIG. 8, a stopped car 
P, an obstacle P, and a low speed car P. should be detected 
in the locus calculation unit 20. 

TABLE 1. 

Stop + LOW speed 

LO L1 L2 L3 LA RO R1 R2 R3 R4 

TIME t 
t 1 
t 2 
t3 
t 4 
t 5 
t 6 
t 7 
t8 

t - SEVERAL C3 C3 C3 

SECONDS 
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0173 FIGS. 9(A) to 9(F) are diagrams for explaining 
operations of a preferred embodiment of the present inven 
tion in the case where a plurality of moving objects moving 
at a middle Speed exist. 
0174) In FIGS. 9(A) to 9(F), speed range images, extrac 
tion images, and the condition in which two different images 
overlap with each other, are illustrated at Sampling time “t' 
and “t'+Several Seconds', respectively, in the case where 
middle Speed cars exist in the images. 

0.175. The result of characteristic or object parameter 
processing obtained from FIGS. 9(A) to 9(F) is also pro 
cessed in a time Series and used by the list making unit 20-2, 
and a list is created. An example of the list is shown in the 
following table 2. 

TABLE 2 

Middle speed 

TIME t 
t 1 
t 2 
t3 
t 4 
t 5 
t 6 
t 7 
t8 

t - SEVERAL C3 
SECONDS 

0176 FIGS. 10(A) to 10(F) are diagrams for explaining 
operations of a preferred embodiment of the present inven 
tion in the case where a plurality of objects moving at a high 
Speed may exist. 

0177. However, in this case, a high speed car does not 
exist in the images. Therefore, in FIGS. 10(A) to 10(F), a 
high Speed car is not illustrated. Also, in a table 3 corre 
sponding to these figures, a circle is not inserted as shown 
below. 

TABLE 3 

High speed 

LO L1 L2 L3 L4 RO R1 R2 R3 R4 

TIME t 
t 1 
t 2 
t3 
t 4 
t 5 
t 7 
t8 

t - SEVERAL 
SECONDS 

0178. In this case, a list analyzing unit 20-3 in a locus 
calculation unit 20 of FIG. 2 analyzes the content of the 

Sep. 12, 2002 

table 3. Consequently, it is determined that a high Speed car 
moving at a high Speed does not exist in both of the traffic 
lines. 

0179 Further, by an analysis of the table 2 mentioned 
previously, it can be determined that there are no circles in 
the local area on the left side (L0 to L4), and therefore a car 
moving at a middle Speed does not exist in the traffic line on 
the left side at that time. Further, at the sampling time “t” and 
“t1”, there are circles in two local areas on the right side (R1 
and R4). Therefore, it is discriminated or determined that 
two cars moving at a middle Speed exist in the traffic line on 
the right Side at that time. 
0180. Also, in the table 2, at the sampling time “t3”, there 
are circles in adjoining local areas on the right Side (R1 and 
R2). Further, at the next sampling time “ta”, there is only 
one circle in a local area R2. Therefore, it can be discrimi 
nated or determined that an object (car) existing in the local 
area R1 and an object (car) existing in the local area R2 at 
the Sampling time “t3' are related to the same object. 

0181 Further, the table 1 mentioned before is rather 
complicated and difficult to analyze. However, on the basis 
of the table 1, the below-mentioned facts can be discrimi 
nated or determined. 

0182 First, there is no circle in the local areas on the right 
side (R0 to R4), and therefore a stopped car or a low speed 
car does not exist in the traffic lane on the right Side at that 
time. 

0183 Second, there are circles in the local areas on the 
left Side (L1 to L4), and therefore a stopped car or a low 
Speed car exists in the traffic line on the left Side at that time. 
0184. In this case, circles appear and disappear at regular 
intervals in the local area L4. Therefore, it can be presumed 
that a Stationary object exists in the adjoining local area L3. 
In the table 1, circles exist in the local area L1 at the 
sampling time from “t” to “t3”. Further, circles exist in the 
local areas L1 and L2 at the sampling time from “t4” to “t7”. 
Further, circles exist in the local area L2 after the Sampling 
time “t8”. On the basis of the changes in the location of 
circles in the time Series, it is discriminated or determined 
that a moving object at a low Speed exists. 

0185. Heretofore, the above-mentioned analyzing pro 
ceSS is carried out by discriminating whether an object exists 
in local areas, with the relationship between time and 
position being taken into consideration. 

0186. However, in addition to such an analyzing process, 
the value of a length and breadth of the object or the value 
of an area of the object can be utilized as a characteristic 
amount or parameter. By virtue of these characteristic 
amounts or object parameters, it becomes possible to extract 
a great deal of information. 

0187. A table 4 illustrates an example in which a car 
executing a change of the traffic lane is detected. The change 
of the traffic lane can be easily discriminated or detected by 
tracing the movement of circles in the table 4 on the basis of 
the abovementioned description. An object, which has 
existed in a local area until a given time, instantaneously 
disappears. However, at that time when the object disappears 
from one local area, another object appears in another local 
area, particularly in the adjoining local area. In this case, it 
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is discriminated or determined that the object disappeared 
before is a car executing a change of the traffic lane. 

TABLE 4 

Change of traffic lane 

TIME t 
t 1 
t 2 
t3 
t 4 
t 5 
t 6 
t 7 
t8 
t 9 
t 10 
t 11 
t 12 

0188 In the table 4, circles have existed in the local area 
L1 until the time corresponding to the Sampling time from 
“t3”. Further, at the sampling time “ta”, circles appear to the 
three local areas L1, L2 and R2. Subsequently, at the 
sampling time from “t5”, “tó” and “t7, circles exist in the 
local area R2. Therefore, it is easily discriminated or deter 
mined that the object executes a change of the traffic lane 
from the left side to the right side. 
0189 In this case, if the time necessary for the movement 
of the object and the Size of each of the local areas can be 
obtained, a Speed of the object can be also calculated. For 
example, when the value of a distance length of a certain 
local area is defined as L., and the value of the length of time 
in which the object is positioned in the local area is defined 
as T, a Speed of the object can be calculated by a calculation 
of L/T. 

0190 FIGS. 11(A) and 11(B) are diagrams for explaining 
operations of a first preferred embodiment of the present 
invention in a case where a large-scale car and a Small-Scale 
car exist together in the image. 
0191 In FIG. 11(A), an image, in which both a large 
Scale car P and a Small-Scale car Ps move in the traffic lane 
on the right Side, is illustrated. Further, when this image and 
a plurality of local areas shown in FIG. 4 overlap with each 
other, an image as shown in FIG. 11(B) is obtained. 
0.192 In this case, the following table 5 is created when 
a large-scale car Panda Small-scale car PS eXist in the same 
traffic lane. 

TABLE 5 

Large-scale car 

LO L1 L2 L3 L4 RO R1 R2 R3 R4 

TIME t 
t 1 
t 2 
t3 
t 4 
t 5 

12 
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TABLE 5-continued 

Large-scale car 

LO L1 L2 L3 L.A. RO R1 R2 R3 R4 

t 6 C3 C3 C3 

t 7 C3 C3 C3 

t8 C3 C3 C3 

t 9 C3 C3 

t 10 C3 C3 

t 11 C3 C3 

t 12 C3 C3 

0193 In the table 5, circles exist continuously in the local 
area R0 in accordance with the movement of a large-scale 
car. Therefore, an existence of a large-scale car can be easily 
detected or determined from Such a pattern. 

0194 Further, in the table 5 and FIG. 11, at the sampling 
time “t4, a Small-scale car Ps moves outside the local area 
R4. Further, at the Sampling time "tS", a large-scale car P. 
passes through the local area R1 and enters the other local 
area R2. 

0195) Further, with reference to the following table 6, the 
condition in which a large-scale car P causes a Small-scale 
car Ps to go out of Sight because the large Scale car obscures 
the Small scale car will be described. 

TABLE 6 

Condition in which a large-scale car 
puts a small-scale car out of sight 

TIME t 
t 1 
t 2 
t3 
t 4 
t 5 
t 6 
t 7 
t8 
t 9 
t 10 
t 11 
t 12 

0196. In the table 6, at the sampling time “t 1”, a large 
Scale car moves into the local area R1, while the other car 
(for example, a Small-scale car) moves into the local area 
R3. Further, at the Sampling time “t4, the large-scale car 
moves into the local area R2. Further, at the Sampling time 
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“t7”, the large-scale car moves into the local area R3. At this 
time, as is apparent from the table 6, the large-scale car puts 
out of Sight or obscures the other car moving in front of the 
large-scale car. 

0197). In this case, at the sampling time “t11”, the other 
car moves into the local area R4; namely, the other car 
appears again in front of the large-scale car. The change of 
condition can be discriminated by the list analyzing unit 
20-3. 

0198 In the locus calculation unit 20, the character 
analyzing unit 20-1 analyzes a characteristic or parameter 
concerning the shape of the object, and discriminates the 
Same moving object. On the basis of a result of this 
discrimination, the character analyzing unit 20-1 instructs 
the list making unit 20-2 to determine a locus of the same 
moving object. In this way, it becomes possible to easily 
obtain the locus of the same moving object. 

0199 FIGS. 12(A) to 12(E) are diagrams for explaining 
operations of a Second preferred embodiment of the present 
invention in a case where a large-scale moving object and a 
Small-scale moving object exist together in an airport. 

0200. In the second preferred embodiment shown in 
FIGS. 12(A) to 12(E), the case where an image processing 
apparatus of the present invention is applied to a spot 
Supervisory System utilizing a view of a predetermined spot 
in an airport will be described. 

0201 In the second preferred embodiment, an attempt is 
made to distinguish a large-scale moving object moving at 
a low speed (for example, an airplane) from Small-scale 
moving objects moving at a middle or high speed (for 
example, Special cars used for various work Such as baggage 
handling), and to examine attributes of the large-scale mov 
ing objects. 

0202) In this embodiment, a plurality of local areas C0, 
L0 to L7, and R0 to R7 are provided in a manner shown in 
FIG. 12(A). The local area C0 is intended to detect an 
airframe of the airplane. On the other hand, the other local 
areas L0 to L7, and R0 to R7 are intended to detect the other 
Small-scale moving objects, e.g., the Special cars. 

0203 FIG. 12(B) shows a condition in which an airplane 
J stops in a spot; and FIG. 12(C) shows the condition in 
which a plurality of special cars SP1, SP2 move in various 
directions. 

0204 Further, FIGS. 12(D) and 12(E) show a situation in 
which an image in FIG. 12(B) and the local areas in FIG. 
12(A) overlap with each other; and FIG. 12(E) shows the 
situation in which an image in FIG. 12(C) and the local 
areas in FIG. 12(A) overlap with each other. 
0205 When the airplane J comes close to the spot and 
decelerates, and finally Stops, the airframe of the airplane J 
appears in the local area C0. Such a condition is detected by 
utilizing a technique for extracting a moving object moving 
at a low speed or Stopped which has been described previ 
ously. 

0206. In this case, as shown in FIG. 13(A), the value of 
a length of the airframe is calculated by producing a pro 
jection of the airplane J in a direction corresponding to the 
longer sides of the local area C0. 
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0207 Namely, the value of a length of the airframe can 
be measured. Further, it becomes possible to identify a type 
of the airplane J on the basis of the measured length of the 
airframe. In the case where the airplane J comes close to the 
Spot and stops, the value of a length of the airframe changes 
gradually changes as illustrated in the following table 7. 

TABLE 7 

Length of airplane 

LENGTH OF PROJECTION OF CO 

TIME t O 

t 1 50 

t 2 1OO 

t3 150 

t 4 2OO 

t 5 2OO 

t 6 2OO 

t 7 2OO 

t8 2OO 

0208 AS apparent from the table 7, as time elapses over 
the sampling times “t1', “t2” and “t3', a length of a 
projection, i.e., the Value of a projection increases. However, 
after a given time (in this case, at Sampling time “ta”), the 
increase in the value of a projection Stops. When an increase 
in the value of a projection Stops and this value is stable, it 
is discriminated or determined that the airplane has com 
pletely stopped. Further, if a transformation equation is 
calculated in advance which establishes a relationship 
between the value of the projection and the value of an 
actual length, an actual length of the airplane can be accu 
rately obtained. Consequently, in accordance with the actual 
length of the airplane, a type of the airplane can be deter 
mined. 

0209. In regard to the special cars SP1, SP1 shown in 
FIGS. 12(C) and 12(E), these cars are detected by utilizing 
a technique for extracting a moving object moving at middle 
and high Speeds that has been previously described. Similar 
to the case of an airplane J, by calculating the value of a 
projection of each of these special cars, it becomes possible 
to detect the total number of the objects existing in the local 
aca. 

0210 For example, in FIG. 12(E), the condition in which 
the value of a projection in the local area L5 is obtained will 
be illustrated in FIG. 13(B). As apparent from FIG. 13(B), 
two types of projections exist, the first in X direction (Xo, 
X, . . . X) and the Second in Y direction (Yo, Y, . . . Y.) 
, respectively. Therefore, it can be discriminated that two 
different objects independently exist in the local area. 

0211. In the case where special cars move as shown in 
FIG. 12(E), the number of these special cars detected in the 
local area changes as illustrated in the following table 8. 
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TABLE 8 

Number of Obiects 

L 6 L 7 

TI t 

0212 AS is apparent from table 8, as the objects (special 
cars) move, the number of the objects existing in each local 
area changes. On the basis of the change in the number of 
the objects, it can be discriminated or determined that, at the 
Sampling time "tS", a Special car which had existed in the 
local area L6 moves to the local area L7, and the number of 
the objects in the local area L7 becomes two (2). Further, it 
is also discriminated or determined that, at the Sampling time 
“t7”, one of two special cars moving in the local area L7 
moves to the local area L5. Further, it is discriminated that, 
at the Sampling time “t 9', the remaining one of the two 
Special cars moves to the local area L5, and the number of 
the objects in the local area L5 becomes two (2) again. 
0213 Heretofore, a description has been given regarding 
the image processing apparatus of the present invention 
which is used in a tunnel or an airport. However, the present 
invention is not limited to these cases. Further, the various 
Speeds of a plurality of moving objects have been classified 
into only three ranges (low speed, middle speed, and high 
Speed). However, in this case, Speeds of a plurality of 
moving objects are not limited to these three ranges. For 
example, it is possible for the Speeds of the moving objects 
to be classified into plural Speed range values, e.g., 0 to 30 
km, 30 to 60 km, 60 to 90 km, 90 to 120 km, 120 to 150 km, 
and a speed value more than 150 km. 
0214 FIGS. 14(A) to 14(C) are diagrams for explaining 
a process of calculating a distance between two moving 
objects in a first preferred embodiment of the present 
invention. In this case, a process of calculating a distance 
between two moving objects is assumed to be carried out 
only by the first preferred embodiment, to compare the first 
preferred embodiment with a third preferred embodiment 
that will be hereinafter described. 

0215 For example, as shown in FIGS. 9(A) to 9(E) and 
the table 2, Some moving objects moving at a middle Speed 
exist in the local areas L1, L4. In the case where a distance 
between the two objects is to be calculated by means of the 
first preferred embodiment, first, as shown in FIGS. 9(A), 
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various characteristic-amounts or object parameters are 
extracted by a moving object extract unit 100, by utilizing an 
extraction proceSS previously described, for each Sampling 
time period. The moving object extract unit 101 corresponds 
to the average background units and the difference-calcula 
tion processing units illustrated in FIG. 1 or FIG. 2. 
0216 Further, a moving object correlating unit 101 cor 
relates the same objects in a time Series of images with each 
other, in accordance with the value of the characteristic 
amounts using a limit value for Speed of the moving objects. 
At this time, characteristic-amounts or parameterS Such as a 
contour of each moving object, and a position or inclination 
of the Surface of each moving object, may be extracted from 
an original input image, by utilizing image density and color 
information for each of the moving objects. 
0217 Further, a distance measuring unit 102 measures a 
distance between two moving objects of the thus correlated 
moving objects. In this way, a compression process that 
converts image data into numerical data can be carried out. 
On the basis of Such numerical data, an analysis and 
anticipation of the movement of each of the moving objects 
can be carried out. 

0218. In a case where a distance between two moving 
objects is calculated by means of the technique of the first 
preferred embodiment, an original input image is classified 
on the basis of the Speeds of moving objects existing in the 
original input image. Further, a plurality of images are 
generated, and the thus generated images are correlated with 
all the moving objects. Therefore, moving objects respec 
tively having different Speeds are correlated with each other 
with a Sufficient degree of accuracy. 
0219. However, in a case where a distance between two 
moving objects is calculated by means of this technique, a 
contour of each of moving objects, and a position of the 
Surfaces of each of the moving objects are typically used. 
Accordingly, as shown in FIGS. 14(B) and 14(C), it is 
difficult to correlate the moving objects with each other, at 
the same point on the same contour and at the same point on 
the same Surface. 

0220 More specifically, in FIGS. 14(B) and 14(C), to 
calculate a distance between two moving objects, a Video 
camera (image-input unit) is set above the moving objects, 
and an original image is input. When the Video camera is Set 
above a road, and inputs a plurality of moving objects, e.g., 
cars passing through the View of the Video camera, the Video 
camera takes an image of a plurality of moving objects on 
the road having a black color. 
0221) In the case where two cars CA1, CA2 exist in an 
original image B1 as shown in FIGS. 14(B), it is assumed 
that an edge extraction process is carried out or performed 
for the two cars CA1, CA2. When such an edge extraction 
process is executed, Since a color of each of the cars is 
Similar to that of the road, a portion of each of the two cars 
CA1, CA2, disappears in an edge extraction image B2 of 
FIGS. 14(B). Therefore, if a distance between the two cars 
is calculated on the basis of edge extract image B2, an error 
corresponding to a difference between the actual value and 
the calculated value becomes relatively large, as shown in 
image B3 of FIGS. 14(B). 
0222 Further, in a case where only a large-scale car LC 
exists in an original image C1 shown in FIGS. 14(C), it is 
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also assumed that an edge extraction proceSS is carried out 
for the large-scale car LC. When Such an edge extraction 
proceSS is executed, the entirety of the large-scale car LC is 
not completely extracted. In Such a situation, it is possible 
that the large-scale car LC will be erroneously recognized as 
two separate parts, in an edge extraction image C2 as shown 
in FIGS. 14(C). Therefore, if a distance between two sepa 
rate parts is erroneously calculated on the basis of edge 
extraction image C2, the calculated value has no meaning as 
shown in image C3 of FIGS. 14(C). 
0223 FIG. 15 is a schematic block diagram showing a 
third preferred embodiment of an image processing appara 
tus according to the present invention. 
0224. In the third preferred embodiment, with respect to 
the problem described above, as shown in FIG. 15, a 
plurality of markers are placed in advance in a background 
where all the objects move, by means of a marker holding 
unit 110. At this time, the position, the shape, and the size of 
each marker, et al., are calculated or known in advance. 
0225. In the implementation of the third embodiment, a 
plurality of markers are placed or created by drawing white 
lines in the road at regular spacings or intervals. However, 
the markers used in the present invention are not limited to 
white lines, and any other things having various shapes can 
be utilized as the markers. Further, in FIG. 15, 114 denotes 
an image-input unit similar to that used in FIG. 1 or FIG. 
2. 

0226. In Such an implementation, a marker/moving 
object extract unit 111 calculates or determines a portion of 
the image in which the moving objects and the markers 
overlap with each other, and extracts each of the moving 
objects. Further, in regard to a plurality of imageS which are 
input over a period of time, a portion of each image in which 
the moving objects and the markers overlap with each other 
can be easily extracted. 
0227. In this way, a portion of the image in which the 
moving objects and the markers overlap with each other can 
be obtained as time Series data. A marker/moving object 
correlating unit 112 correlates the obtained data, and iden 
tifies the same moving object. Further, on the basis of the 
number of markers existing between two different moving 
objects, a distance measuring unit 113 calculates a distance 
between two moving objects. 
0228. In this case, the time series data concerning the 
markers may be correlated with each other, in place of the 
time Series data on the moving objects. By utilizing the data 
about the markers, it becomes possible to grasp or identify 
the markers existing between the same moving objects 
extracted at the different Sampling times, and to calculate a 
distance between two moving objects. By analyzing the thus 
calculated distance between two moving objects, an abnor 
mality, Such as an accident viewed by an image processing 
apparatus can be anticipated. 
0229. The construction and the operation of the third 
embodiment will be described in detail with reference to 
FIG. 16. Also, in this case, any component which is the 
Same as that mentioned previously will be referred to using 
the same reference number. 

0230 FIG. 16 is a block diagram showing in detail the 
main parts of a third preferred embodiment of the present 
invention. 
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0231. In FIG. 16, the reference numeral 110 denotes a 
marker holding unit; 111 denotes a marker/moving object 
extract unit; 112 denotes a marker/moving object correlating 
unit; 113 denotes a distance measuring unit; 121 denotes a 
processed area Setting means, 122 denotes a binary code 
processing unit; 123 denotes a noise canceling unit; 124 
denotes a connected-area extract unit; 125 denotes a con 
nected-area position/shape calculating unit; and 126 denotes 
a marker collating unit. 

0232 Further, in FIG. 16, the reference numeral 127 
denotes a marker dictionary unit; 128 denotes a moving 
object extract unit; 129 denotes a marker extract unit; 131 
denotes a moving object/marker time-Series table making 
unit, and 132 denotes a moving object/marker correlating 
unit. 

0233 FIGS. 17(A) to 17(C) are diagrams showing the 
condition in or positions at which markers are provided and 
various information about markers is registered in a marker 
dictionary, in this third preferred embodiment of the present 
invention. 

0234. The marker holding unit 110 places or notes a 
plurality of markers in the background. The data about these 
markers are Stored in advance in the marker dictionary unit 
127. In a case where the moving objects are cars, as shown 
in FIG. 17(A), the markers are obtained by coating or 
painting the road (hatched portion) with a plurality of white 
lines P, Pa....P.s thereon at equal spacings. In FIG. 17(B), 
the value of a width in each of the white lines P, P., Ps 
is 50 cm, and twenty-five (25) white lines are drawn with a 
spacing of 50 cm. 

0235) In this case, as shown in FIGS. 17(B) and 17(C), 
the value of 50 cm is indicated in a display screen by ten dots 
(10 dots) or image pixels. Further, the left end X coordinate 
is defined as the position corresponding to fifty bits in X 
coordinate direction. On the other hand, the right end X 
coordinate is defined as the position corresponding to five 
hundred bits (500 bits) in the X coordinate direction. 
0236. In such a condition, a coordinate (x, y) at the left 
upper end of the white lines P.s is represented as (50,480; 
and a coordinate (x, y) at the right lower end thereof is 
represented as (500, 490). The data for each coordinate (x, 
y) is registered or stored in the marker dictionary unit 127 by 
the marker holding unit 110. 

0237. In a similar manner, by virtue of the marker holding 
unit 110, a coordinate (x, y) at the left upper end of each of 
the other white lines is registered or Stored in the marker 
dictionary unit 127. Also, a coordinate (x, y) at the right 
lower end thereof is represented as (500, 490) is registered 
in the marker dictionary unit 127. In addition, the shape of 
the markers (rectangular shape in this case) is registered in 
the marker dictionary unit 127. 

0238 FIG. 18(A) and 17(B) are diagrams used for 
explaining a process of Setting a region of the object to be 
processed for the passage of moving objects in the third 
preferred embodiment. 
0239). The processed area setting means 121 previously 
mentioned with respect to FIG. 16 determines a region in 
which the distance between two moving objects is to be 
measured, in the case where Some moving objects exist in a 
region where a plurality of white lines (markers) are placed. 
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0240 For example, as shown in FIG. 18(A), it is 
assumed that a road has two opposed traffic lanes, and a 
plurality of carS move in the two opposite directions as 
respectively indicated by arrows. In this case, only hatched 
portions in the area correspond to the range of traffic lanes 
on the left and right Sides, and are defined as a region in 
which the objects are to be processed. On the other hand, the 
other portions in the area are defined as a region in which the 
objects need not be processed. Namely, a masking process is 
executed to isolate the region in which the objects must be 
processed. 

0241. In FIG. 18(A), the region, in which the objects are 
to be processed, is defined as the hatched portions in the case 
of the road having two opposed traffic lanes. In accordance 
with the thus defined region, the marker dictionary unit 127 
is updated. FIG. 18(B) illustrates the region concerning the 
traffic lane on the left Side. In a case, where the markers are 
provided by taking into consideration the region in which 
the objects are to be processed in the traffic lanes on the left 
and right Sides, it is not necessary to define Such a processed 
region. 

0242 FIGS. 19(A) to 19(C) are diagrams respectively 
showing region isolation processing, binary code proceSS 
ing, and noise canceling, in the third preferred embodiment. 

0243 As shown in FIG. 19(A), it is assumed that a 
rectangular size of the region to be processed is defined by 
a coordinate (x1, y1) at the left upper end and also by a 
coordinate (X2, y2) at the right lower end. Further, it is 
assumed that an input image of a pixel (i,j) is INij, and an 
output image of a pixel (i,j) is OUTij. 
0244. In this case, the relationship between the input and 
the output image of a pixel is represented by the following 
equation. 

else OUTij=0 

0245 AS is apparent from this equation, any input image 
existing in the region to be processed is directly output as an 
output image by the unit 121. However, the image features 
existing outside this region are output as Zero (0). 
0246. As shown in FIG. 19(B), the binary code process 
ing unit 122 outputs an output image OUT which has the 
value of “1”, when the value of an input image pixel INij is 
smaller than a threshold value th1 and larger than a threshold 
value th2. In other cases, the binary code processing unit 122 
outputs an output image OUT which has the value of “0”. 
In this case, these threshold values th1, th2 are Set in 
accordance with environmental illumination. However, in 
the environment in which a change of illumination may 
occur, these threshold values th1, th2 are adaptively 
adjusted, e.g., by calculating a histogram of a density of the 
image, etc. 

0247 The noise canceling unit 123 eliminates an isolated 
point of noise, in a case where the isolated point exists, in an 
output from the noise canceling unit 123. Namely, the noise 
canceling unit 123 extracts a pattern in which a plurality of 
dots (pixels), e.g., a group of dots which are positioned or 
exist in four positions. 
0248 For example, as shown in FIG. 19(C), a group of 
pixels are detected by utilizing a logical filter F3x3 pixels 
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in size. In a case where the binary value in each of four 
pixels positioned around a central pixel (in the upper and 
lower directions, and the left and right directions) becomes 
“1”, the noise canceling unit 123 outputs an output image 
OUTi which has the value of “1”. 

0249 FIGS. 20(A) to 200C) are diagrams for explaining 
a process of labeling a given object in the third preferred 
embodiment. 

0250) The connected-area extract unit 124 provides the 
Same label for a pattern in which a large number of dots 
(pixels), e.g., a group of dots which are positioned adjacent 
to each other (an eight direction test). A group of pixels are 
connected when the binary value, in at least one of all eight 
directions including the four oblique directions, the upper 
and lower directions, and the left and right directions, is “1”. 
For example, as shown in 200A), with respect to an input 
image A1, the label 2, 3 and 4 are provided in a manner as 
shown in an image A2. 

0251 As shown in FIG. 200B), the labeling process is 
executed by Scanning an input image by means of Several 
pixel patterns A to F each constituted by a matrix of 2x3. 
Further, in a case where the value of a given pixel E is equal 
to 1’, the label is updated in accordance with circumferential 
patterns. A to F. 

0252 For example, when the value of pattern D is not 
equal to “0” (Dz0), the label of D is transferred to attach to 
the given pixel E. When the value of a pattern B is not equal 
to “0” (Bz0), and the value of a pattern B is not equal to that 
of a pattern D (Bz.D), the fact that the label of a pattern B 
is the same as that of a pattern D is stored in a table. When 
the value of a pattern B is equal to “0” (B=0), and the value 
of a pattern C is not equal to that of a pattern D (Cz D), the 
fact that the label of a pattern C is the same as that of a 
pattern D is stored in a table. When the value of patterns. A 
to D are all equal to “0”, a new label is attached to the given 
pixel E. 

0253) In Such an implementation, an input image is first 
Scanned. Thereafter, by utilizing a table corresponding the 
relation between labels, labels are attached to the input 
image. This technique is disclosed in Japanese Unexamined 
Patent Publication (Kokai) No. 3-206574 (Raster Scan Type 
Labeling Processing System). 

0254 The above-mentioned labeling process is realized 
by generalized CPU (Central Processing Unit), or DSP 
(Digital Signal Processor). However, with respect to a 
process utilizing a dedicated pipe-line processor operating at 
a video rate (33 msec/image), the related techniques are 
disclosed in Japanese Unexamined Patent Publication 
(Kokai) No. 61-243569 (System for Labeling to Digital 
Picture Area) and No. 63-27508 (Labeling Circuit for con 
nected Area). 
0255 As a result of the labeling process, as shown in 
FIG.20(C), in a case where a moving object does not exist 
in the input image, the same label is attached to each of the 
white lines in a region of object to be processed. For 
example, a label (1) is attached to a first white line P; a label 
(2) is attached to a second white line P.; and a label (25) is 
attached to a twenty-fifth white line Ps. 
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0256 FIGS. 21(A) and 21.(B) are diagrams for explaining 
a process of projecting a labeled object in the third preferred 
embodiment. 

0257 The connected-area position/shape calculating unit 
125 calculates the shape and the position of a portion of each 
label. For example, as shown in FIG.21(A), with respect to 
a label image LK to which the same labels are attached, a 
projection V in the vertical direction and a projection H in 
the horizontal direction are produced. Further, the position 
and the shape of each of these projections are calculated or 
determined. Namely, projections are estimated for every 
projection. 

0258. The projection H in the horizontal direction is 
obtained by calculating a histogram in the horizontal direc 
tion. Also, the projection V in the vertical direction is 
obtained by calculating a histogram in the Vertical direction. 
Further, the position of the projection H is a longitudinal 
position, and the size thereof is (Ph2, Phil). On the other 
hand, the position of the projection V is a transverse posi 
tion, and the size thereof is (Pv2, Piv1). 

0259. In this way, information about the shape of each of 
the labels, longitudinal size (Ph2, Ph1), transverse size 
(Pv2, Piv1), and an area SUM is obtained. In a case where 
a product of the longitudinal size and the transverse Size is 
equal to the area of the histogram, it is discriminated or 
determined that this label has a rectangular shape. 

0260 Since the label image has various image densities, 
projections can be obtained for each density, i.e., for every 
label. 

0261) More concretely, as shown in FIG. 21.(B), in a case 
where the size of the entire image is MxN, the projection 
value Phkin the horizontal direction for a label K, and 
the projection value Pivkin the vertical direction for the 
same label K is represented by the following equations (1E) 
and (2E), with respect to an input image IN (i, j). 

0262 projection value Phki in the j-th row 

for (i = 1, N) if IN (i, j) = k + 0), (1E) 
Pih k i = Pih k i + 1} 

0263 projection value Pivki in the i-th column 

for (i = 1, M) if IN (i, j) = k( # 0), (2E) 
Pivk i = Piv k i + 1} 

0264. As is apparent from the equations (1E) and (2E), 
within the area of the same region, by adding 1 (+1) to the 
original projection value in each of the horizontal direction 
and the vertical direction, the projection value in the j-th row 
and i-th column can be calculated. In Such a calculation 
process, the projection can be easily obtained. 
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0265. Further, a sum (SUM) of the projections is repre 
Sented by the following equations (3E). 
0266 sum (SUM) of the projection 

for (J = 1, M) {SUM k = SUM k + Pih k i} (3E) 
if IN (i, j) = k( # 0), 

Pivk i = Pivk i + 1} 

0267 The marker collating unit 126 collates the marker 
dictionary 127, and discriminates whether a portion of the 
Same label calculated by the connected-area position/shape 
calculating unit 125 is a marker which overlaps a moving 
object. More Specifically, a coordinate of a left upper end 
P(x1, y1), and a coordinate of a right lower end P(x2, y2) 
of a marker (white line) stored in the marker dictionary 127 
are read out. As described before, the data about the white 
lines shown in FIG. 17(C), the data for the white lines 
shown in FIG. 18(B), and the like, are stored in advance in 
the marker dictionary 127. 
0268 FIGS. 22(A) and 22(B) are diagrams for explaining 
a process of extracting a moving object which is a car having 
a color other than white and which passes through or over 
the markers in a third preferred embodiment. 
0269. The moving object extract unit 128 extracts a 
moving object (e.g.,car) which overlaps a marker. When cars 
each having a color (e.g., black, red, or blue) other than 
white move over a plurality of markers, the two cars C, C 
and markers partially overlap with each other, as shown in 
FIG. 22(A). When the two cars C, C, and markers are 
Simultaneously captured by a video camera, et al., from the 
above or overhead position, the two cars C, C are separated 
by the markers. Therefore, moving objects Such as cars can 
be extracted. 

0270 More specifically, as shown in 22(B), in an image 
portion where cars and markers overlap with each other, at 
least one marker is divided by the cars into two parts. 
Namely, at least two labels are allocated to each of the cars. 
Consequently, as shown in FIG. 22(B), a number of labels 
are provided (markers (1), (2), ... (9)), and the number of 
the markerS Seems to increase. Further, the Size of the 
divided markers becomes relatively small. If the number and 
the size of these markers are collated using the marker 
dictionary 127, it can be easily discriminated whether or not 
these markers are generated due to an overlap of the markers 
with moving objects, and the moving objects can be 
extracted. 

0271 In the case where a color of a specified moving 
object, e.g., a car, is different from that of the markers, as 
shown in FIG. 23(A), it is possible to provide a marker LM 
much larger than cars C, C. When the cars are moving on 
the marker LM as shown in FIG. 23(B), the projection value 
in the horizontal direction is obtained, as shown in FIG. 
23(C). On the basis of the projection value, the position of 
each of the cars can be easily extracted or determined. In this 
case, it is not necessary to carry out a labeling process. 
0272 FIGS. 24(A) and 24(B) are diagrams for explaining 
a process of extracting a moving object which is a white car 
and passes through markers, in the third preferred embodi 
ment. 
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0273. In the case where white cars move on the markers 
of white lines, the condition of the cars C, C and the 
markers is illustrated in FIG. 24(A). When this condition is 
input as an original input image for carrying out a labeling 
process, the same label is attached to a portion in which one 
car C and the markers overlap with each other. Also, the 
Same label is attached to a portion in which the other car C. 
and the corresponding markers overlap with each other. 
0274) Therefore, as shown in FIG. 24(B), two different 
labels (1), (2) are attached. Therefore, when the size of each 
of the labels is calculated in the connected-area position/ 
shape calculating unit 125, an area of each of the labels (a 
sum (SUM) of all the projections) is larger than the area of 
a single marker Stored in the marker dictionary 127. Further, 
when the shape of each of the labels is examined in the 
connected-area position/shape calculating unit 125, the 
value of a length (Ph2-Ph1)xa width (Pv2-Piv1) is dif 
ferent from the value stored in the marker dictionary 127. On 
the basis of Such a discrimination or detection process, the 
cars can be extracted. 

0275. In a case where white cars and the markers do not 
completely overlap each other, as in a label (2) shown in 
FIG. 23(B), the size and the shape of each of the labels 
conform to the size and the shape of one marker. Therefore, 
it is possible to detect or determine a distance between two 
CS. 

0276 The marker extract unit 129 extracts the markers, 
and calculates a distance between two cars. In the case 
where cars having a color other than white and pass through 
or over the markers, as in a label (5) shown in FIG. 22(A), 
it is discriminated or determined whether the size and the 
shape (rectangular) of a portion to which the same label is 
attached conforms to the data Stored in the marker dictionary 
127. If it is confirmed that the size and the shape of the same 
label conform to the data Stored in the marker dictionary 
127, the same label is detected as one of markers. In this 
case, in accordance with the data in the marker dictionary 
127, the size of each of the markers and the space between 
the markers can be calculated, and a distance between two 
cars can be calculated. 

0277. In the case where each of the markers has the shape 
shown in FIG. 23(A), a projection of an original marker and 
a continuous region from Ph1 to Ph2 can be obtained, and 
on the basis of a region from Ph1 to Ph2, a distance 
between two cars can be calculated. 

0278 FIGS. 25(A) to 25(E) are diagrams showing vari 
ous tables which are utilized for calculating a distance 
between two moving objects in the third preferred embodi 
ment. 

0279 The moving object/marker time-series table mak 
ing unit 13 creates a time-Series table of the moving objects 
and the markers associated with which the moving objects 
exist. As shown in FIG. 25(A), the time-series table of the 
moving objects indicates the position of each moving object 
with respect to the markers. In this case, it is assumed each 
of the moving objects moves from marker Pas to P. 
0280. In a case where only the moving objects are taken 
into consideration, as indicated by circles in FIG.25(A), the 
relationship between the time when the moving objects exist 
in the image and the relative position of each marker (the 
number of white lines) is established by the time-series 
table. 
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0281 Further, as shown in FIG. 25(A), by creating a 
table showing markers existing between the moving objects, 
a locus of each marker existing between the moving objects 
can be indicated. 

0282. The moving object/marker correlating unit 132 
provides the same number for each of the moving objects 
which are discriminated or determined to be the same. In this 
discrimination, the condition that different moving objects 
have a predetermined distance, and also a direction (in this 
case, the direction in which moving objects move is P2s to 
P.) are considered. Further, as shown in FIG. 25(C), by 
making a time-Series table showing markers existing 
between the moving objects, the correspondence relation 
between the moving objects (shown in FIG. 25(B)) and the 
related markers can be clarified. 

0283. In such a technique, each of the markers is traced 
by taking only markers existing between moving objects 
into consideration. Therefore, the number necessary for the 
correlation between the moving objects and the markers can 
be reduced. Consequently, as compared to the case in which 
moving objects are extracted without markers, the technique 
of the third embodiment allows an extracting or identifica 
tion process to be carried out at a high Speed. 

0284. In this case, as shown in FIG. 25(A), a distance 
between two cars is defined by two white lines P, P at the 
Sampling time T, while the distance is defined by two white 
lines P, P at the Sampling time T. At this Sampling time, 
the subject car exists over a plurality of white lines. This 
phenomenon is illustrated in FIG. 25(E). In FIG. 25(E), the 
Same mark is provided for a plurality of white lines, to 
indicate that the Subject car moves on or over a plurality of 
white lines. 

0285) The distance measuring unit 113 measures a dis 
tance between two moving objects, e.g., cars. For example, 
as shown in FIG. 25(B), on the basis of a correlation in the 
table between moving objects, the distance between two 
moving objects is estimated by calculating a distance 
between white lines (markers) at each Sampling time. Fur 
ther, the maximum value, the minimum value, and the 
average value are calculated. For example, moving objects 
are correlated with a plurality of images at the Sampling time 
T to T, and the average value are calculated by utilizing 
the following equation (4E). Here, a difference between 
white lines (WL) is defined as An-Am. 

average=EA i (distance between WL)/(m-n+1) 
i=n,n (4E) 

0286 Further, a modification of a connected-area extract 
unit 124 and a connected-area position/shape calculating 
unit 125 in the third preferred embodiment will be described 
with reference to FIGS. 26(A) to 26(E). 
0287. In this case, the modified connected-area extract 
unit 124 extracts a contour corresponding to a portion where 
each binary code of binary information is “1”. Alternatively, 
a contour obtained by a color (color of the marker) extract 
ing process can be extracted by the connected-area eXtract 
unit 124. 

0288 Further, a starting point for the extracting process, 
the maximum and minimum value of x, y, a length of a 
circumference are Stored in advance, and a contour extract 
ing process is started. In executing the contour extracting 
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process, the maximum and minimum value of X, y, and a 
length of the circumference of the contour are calculated. 
0289. As shown in FIG. 26(B), in a case where the 
contour extracting proceSS is carried out only on the white 
lines, the thus extracted data conforms to the data Stored in 
the marker dictionary 127. However, in the case where 
moving objects overlap the white lines, as shown in FIGS. 
26(C) and 26(D), at least one of the data items does not 
conform to the data stored in the marker dictionary 127. A 
technique for color extracting process is disclosed in Japa 
nese Unexamined Patent Publication (Kokai) No. 
63-314988 (Video Rate Color Extracting Device). 
0290 The connected-area position/shape calculating unit 
125 compares the maximum and minimum value in both of 
the X-component and y-component and the value of the 
length of the circumference with the values stored in the 
marker dictionary 127. Further, it is concluded that a contour 
has a rectangular shape, in a case where the maximum and 
minimum value in both of the X-component direction and 
y-component direction and the value of the length of the 
circumference conform to the value Stored in the marker 
dictionary 127. 

0291) Further, as shown in FIGS. 26(E), in carrying out 
Such a contour extracting process, the entire image is 
Scanned by utilizing a logical filter of 3x3 pixels. In the case 
where the value of a portion around a central pixel (i,j) is 
all “1”, it is discriminated that this region is related to an 
inner part of each marker, and “0” is output. In the other 
case, it is discriminated that this region is a boundary, and 
“1” is output. 
0292 While the present invention has been described as 
related to the preferred embodiments, it will be understood 
that various changes and modifications may be made with 
out departing from the Spirit and the Scope of the invention 
as hereinafter claimed. 

1. An image processing apparatus for extracting one or a 
plurality of objects, in the case where a plurality of Station 
ary objects and a plurality of moving objects are contained 
together as a group of objects in one image, comprising: 

an image-input unit (1) which inputs an image including 
a background and a plurality of Said objects, 

a background image extract unit (2) which extracts and 
Stores Said background; 

a first average background extract unit (3) which extracts 
an image that includes one or a plurality of Said 
Stationary objects or moving objects each having a 
Speed not higher than a predetermined first Speed and 
also includes Said background; 

a second average background extract unit (4) which 
extracts an image that includes one or a plurality of Said 
Stationary objects or moving objects each having a 
Speed not higher than a predetermined Second Speed 
and also includes Said background; 

a first difference-calculation processing unit (5) which 
calculates a difference value between an output from 
Said background image extract unit (2) and either one 
of outputs from Said first average background extract 
unit (3), and then generates a first speed image; 
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a second difference-calculation processing unit (6) which 
calculates a difference value between respective out 
puts from Said first and Second average background 
extract unit (3, 4), and then generates a second speed 
image; and 

a third difference-calculation processing unit (7) which 
calculates a difference value between an output from 
Said image-input unit (1) and either one of outputs from 
Said first and Second average background extract unit 
(3, 4), and then generates a third speed image. 

2. An image processing apparatus as Set forth in claim 1, 
wherein Said apparatus further comprises a plurality of 
local-area characteristic-amount extract processing units 
which deal with outputs from Said image-input unit (1), each 
of Said plurality of local-area characteristic-amount extract 
processing units including: 

a local-area determining unit (11) which allocates said 
outputs from said image-input unit (1) to each of a 
plurality of local areas, 

a labeling processing unit (13) which separates at least 
one object. from each of Said plurality of local areas, by 
labeling the same object existing in each of Said plu 
rality of local areas, and 

a characteristic-amount calculating unit (14) which cal 
culates a plurality of characteristic-amounts for the thus 
labeled object in Said plurality of local areas. 

3. An image processing apparatus as Set forth in claim 1, 
wherein: 

Said apparatus is operative to calculate a difference 
between Said background and an average background 
image at a low Speed, and to extract one or a plurality 
of connected areas from a difference image obtained by 
the thus calculated difference, wherein; 

Said apparatus is operative to produce each projection for 
each of Said connected areas, and to calculate each 
position of the corresponding object in accordance with 
Said each projection, and to calculate a plurality of 
characteristic-amounts, which at least include the value 
of a length and breadth of said object or the value of an 
area of Said object, wherein; 

Said apparatus is operative to estimate a change in Said 
each position of Said object and also a change in Said 
characteristic-amounts of Said object for every Sam 
pling time in time Series, and wherein; 

Said apparatus is operative to determine Said object as a 
Stationary object, in the case where both of the change 
in Said position of Said object and the change in Said 
characteristic-amounts thereof are Small. 

4. An image processing apparatus as Set forth in claim 2, 
wherein, Said apparatus further comprises local-area char 
acteristic-amount extract units (8, 9 and 10) which respec 
tively have Said local-area characteristic-amount extract 
processing units, corresponding to Said local areas, for every 
Speed image which is output from each of Said difference 
calculation processing units (5, 6 and 7). 

5. An image processing apparatus as Set forth in claim 2, 
wherein Said apparatus comprises a locus calculation unit 
(20) having a list making unit (20-2), which detects an 
existence of Said object in each of Said plurality of local 
areas in time Series, on the basis of an output from each of 
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Said plurality of local-area characteristic-amount extract 
processing units, and which makes out a list concerning the 
result of the detection. 

6. An image processing apparatus as Set forth in claim 5, 
wherein Said locus-calculation unit (20) includes a character 
analyzing unit (20-1) for making a locus of the same moving 
object, on the basis of a character concerning the shape of 
Said moving object, which is Selected among Said charac 
teristic-amounts calculated by Said characteristic-amount 
calculating unit (14). 

7. An image processing apparatus as Set forth in claim 5, 
wherein Said apparatus is adapted to Set a plurality of local 
areas which are to be processed, and to check whether or not 
Said moving object passes through each of Said local pro 
cessed areas, and to calculate the locus of the Same moving 
object, in accordance with the character concerning the 
shape of Said moving object and the time when Said moving 
object passes through each of Said local processed areas, and 
to discriminate an abrupt change in the Speed of Said moving 
object and an abrupt change in the direction thereof, and to 
identify Said moving object in Said image. 

8. An image processing apparatus as Set forth in claim 5, 
wherein: 

Said apparatus is adapted to Set a plurality of areas which 
are to be processed, in accordance with the size of a 
plurality of moving objects, and wherein; 

Said locus calculation unit (20) includes a list analyzing 
unit (20-3) for discriminating a locus of each of a 
plurality of Small-scale cars in each of said local 
processed areas, and for recognizing a locus of the 
Same moving object, even in the case where a large 
Scale car puts Said plurality of Small-scale cars out of 
Sight. 

9. An image processing apparatus as Set forth in claim 6, 
wherein Said apparatus is adapted to Set a plurality of local 
areas which are to be processed, and to examine a period 
icity as to whether or not said moving object passes through 
each of Said local processed areas, and to examine a peri 
odicity as to the character concerning the shape of Said 
moving object, and to identify at least one flashing object. 

10. An image processing apparatus for calculating a 
distance between two moving objects contained in one 
image, comprising: 

an image-input unit (114) which inputs said image includ 
ing a background and a plurality of objects, 

a marker holding unit (110) which places a plurality of 
markers in Said background; 

a moving object extract unit (128) which extracts a 
plurality of moving objects, 

a moving object/marker time-Series table making unit 
(131) which traces said plurality of moving objects; 

a marker extract unit (129) which extracts the markers 
existing between the two different moving objects, and 

a distance measuring unit (113) which calculates said 
distance between Said two moving objects, on the basis 
of the Size of the thus extracted markers. 

11. An image processing apparatus as Set forth in claim 
10, wherein a plurality of other markers, which are not 
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connected with each other by said marker holding unit (110), 
are provided in Said background, and wherein Said apparatus 
further comprises: 

a connected-area position/shape calculating unit (125) 
which calculates the size, the shape, and the number of 
Said markers, 

a marker dictionary unit (127) which has a marker dic 
tionary for Storing in advance the size and the shape of 
Said markers, and 

a marker collating unit (126) which collates the shape of 
the markers existing between the two different moving 
objects and also collates Said marker dictionary, and 
wherein Said apparatus is adapted to calculate the 
number of the markers which can be identified as true 
markers by a result of the collation in Said marker 
collating unit (126), and to calculate Said distance 
between Said two moving objects. 

12. An image processing apparatus as Set forth in claim 
11, wherein Said apparatus is adapted to trace the the number 
of the markers existing between the two different moving 
objects, and to calculate Said distance between Said two 
moving objects. 

13. An image processing apparatus for calculating a 
distance between two cars in the case where a plurality of 
cars are contained in one image as moving objects, com 
prising: 

a marker holding unit (110) which draws a plurality of 
white lines which are perpendicular to the direction in 
which the carS move, at equal spaces between adjoining 
white lines, as a plurality of markers, 

a marker dictionary unit (127) which has a marker dic 
tionary for estimating in advance the value of a length 
and breadth of each of Said white lines, and also storing 
in advance Said value of Said length and breadth 
thereof; 

a connected-area extract unit (124) which extracts Some 
connected areas where the white lines are connected 
with each other, and labels Said connected areas, 

a connected-area position/shape calculating unit (125) 
which calculates the size and the shape of the thus 
labeled areas respectively corresponding to regions 
formed by Said connected white lines, and then con 
firms the Size of the white lines in Said regions formed 
by said connected white lines and the size of the 
rectangular shape corresponding to each of the thus 
labeled areas, in accordance with the value of a length 
and breadth of the thus labeled areas; 

a moving object/marker correlating unit (132) which 
traces a Specified region formed by continuous white 
lines corresponding to Said connected white lines, and 

a distance measuring unit (113) which extracts the number 
of continuous white lines from the white lines con 
firmed by Said connected-area position/shape calculat 
ing unit (125), and calculates said distance between 
Said two moving objects on the basis of the total Sum 
of Spaces between Said continuous white lines. 

14. An image processing apparatus as Set forth in claim 
13, wherein: 
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Said connected-area position/shape calculating unit (125) 
is adapted to Separate each of Said connected areas into 
a plurality of connected components, and to obtain the 
value of a projection for every connected components, 
wherein; 

Said connected-area position/shape calculating unit (125) 
is adapted to calculate the value of length and breadth 
in each of Said connected areas, and to compare a 
product of the value of Said length and the value of Said 
breadth with a total Sum of the value of each projection, 
and wherein; 

Said connected-area position/shape calculating unit (125) 
is adapted to finally-discriminate whether or not each of 
Said connected areas has the rectangular shape. 

15. An image processing apparatus as Set forth in claim 
13, wherein: 

Said connected-area position/shape calculating unit (125) 
is adapted to extract a contour in XY two-dimensional 
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image in which a binary code processing is carried out 
and a color extract processing is carried out, and to 
obtain the maximum and minimum value in both of 
X-component and y-component of Said contour and also 
the value of a length of circumference of Said contour, 
and wherein; 

said connected-area position/shape calculating unit (125) 
is adapted to compare said maximum and minimum 
value in both of Said X-component and y-component 
and Said value of Said length of circumference with the 
value Stored in advance, and to conclude that Said 
contour has the rectangular shape, in the case where 
Said maximum and minimum value in both of Said 
X-component and Y-component and Said value of Said 
length of circumference conform to Said value Stored in 
advance. 


