llllllllllllllIlllllllllllllllllllllllllll|||l|lllllIllllllllllllllllllllll
.

US005301239A

Umted States Patent [19]

[11] Patent Number:

Toyama et a1.

[45]

[54]

5,109,435 4/ 1992 Lo et al. .............................. .. 382/48

APPARATUS FOR MEASURING THE
DYNAMIC STATE OF TRAFFIC

5,150,426

[75] Inventors: Masakazu Toyama, Tokyo; Nobuhiro
Hamba, Yokohama, both of Japan
.

_

.

Date of Patent:

.

.

5,301,239
Apr. 5, 1994

9/1992 Banh et al. ...... ..

5,161,107 11/1992 Mayeaux et a1.

382/48

382/18

Primary Examiner-Leo H. Boudreau
Assistant Examiner-Larry J. Prikockis

[73] Asslgnce' mmizldtzu?minhdusm Co"

Attorney, Agent, or Firm-Spencer, Frank & Schneider

'9

[21] Appl. No.: 829,390

[22] Filed:
[30]

_

[57]

Fem 3’. 1992
_

Inat?1c, apparatus
for measurinkg the dynamic state of
a video camera unit pic s up images 0 tra 10 on

.

tr

For"!!! Amman“ Pnmty D!“

Feb. 13, 1991 [JP]
Apr. 8, 1991 [JP]

May 15, 1991 [JP]

ABSTRACT

the road. The picture information is temporarily stored

Japan ................................ .. 34123157

in memory units, and then Processed by an image PIO

Japan . . . . .

cessing unit. The image processing unit controls the rate

...

3-075025

Japan ................................ .. 3-110325

for updating background data determines whether it is

G086 1/048_ G06]: 15/66

daytime, dusk or night, and controls a threshold value

[51] Int Cl 5

[52] Us'

""""""""""" "

3’82/1, 382/48_

for processing images. Further, the updating of the

' '

' """"""""""""

M36,’ 340/937’

background data is made accurate and the extraction or

[58] Field of S086]! ....................... .: 382/1, 4,8, 18 50'
340/937, 939, 942; 364/436-438, 4274.01’

idcmi?catiml °f "Inning “hides is facilitatcd by “"
ploying a background differential system and a frame

.
References cued

differential system. The output is transferred to a CPU
to be utilized as a source of traffic information or for

[56]

U.S. PATENT DOCUMENTS

scheduling travelling time.

4,433,325

2/1984 Tanaka et a1. .................... .. 340/933

4,847,772

7/1989 Michalopoulos et a1. ........ .. 364/436

10 Claims, 13 Drawing Sheets

| VIDEO CAMERA

tact-11:9

D
A/

CONVERT

INPUT
lMAGE
MEMORY

U1
INPUT
IMAGE

BACKGROUW/
lMAGE
MEMORY

PROCESSED
IMAGE
MEMORY

PROCESING

IMAGE PORTIN

OUTPUT

US. Patent

Apr. 5, 1994

Sheet 1 of 13

5,301,239

FIG.
| VIDEO CAMERA

f3

8 \&

wzauol?

w0<$= 20.61
ummwmMgoTETIEOR
OAWCAEMEEPmam

8OnR
YO
SYY

E

wP U T

US. Patent

Apr. 5, 1994

5,301,239

Sheet 2 of 13

FIG.2
I

ENTRY

)

iZ-I
CARRY OUT FRAME
DIFFERENTIAL PROCESSING

(IMAGE MEMORY 4-IMAGE
MEMORY 5)

2-2
IS THERE CHANGE
OF FRAME
DIFFERENTIAL
'?

YES

2-3
NO

24

2-6

I

OBTAIN AVERAGE
LUMINANCE AND HIGHEST
FREQUENCY OF ‘IMAGE
MEMORY 4

IS THERE LARGE
CHANGE OF FRAM

DIFFERENTIAL

52-7

' YES

STATE OF ROAD

OBTAIN AVERAGE
LUMINANCE AND HIGHEST
FREQUENCY OF IMAGE
MEMORY 6

SURFACE = I

2-5

/

2-8

STATE OF ROAD

IS THERE LARGE
DIFFERENCE OF
AVERAGE LUMINANCE
BETWEEN IMAGE
MEMORIES 4 AND 6?

SURFACE = 2

IS THERE LARGE

DIFFERENCE OF
HIGHEST FREQUENCY
BETWEEN IMAGE
MEMORIES 4 AND 6?

2-II

3
S TATE OF ROAD

STATE OF ROAD

SURFACE = 0

I

SURFACE = 3

EXIT

>

US. Patent

Apr. 5, 1994

Sheet 3 of 13

5,301,239

FIG.3
/

3-,

OBTAIN AVERAGE
LUMINANCE OF IMAGE
MEMORY 6
I BACKGROUND DATA I

FLAG FOR DECIDING
DAYTIME OR NIGHT

7

FLG=o

FLG=2
f“ 3-5

MEAsURE NUMBER OF
PICTURE ELEMENTS OF
EQUAL. TO oR HIGHER
THAN AvERAGE LUMINANCE
+a2 FROM IMAGE MEMORY
4 (INPUT IMAGE)

3-5

3-1

FLG= I

YES

FI_G-- I

3-8

NO

R

3-6 \Y/ES

FLG--O

FLG-—2

L3>--7
(

EXIT

I

US. Patent

Apr. 5, 1994

Sheet 4 of 13

:

5,301,239

4-1

DECIDE sTATE OF
RDAD SURFACE

*

/\4-2

DECIDE DAYTIME DR
NIGHT

4-3
NIGHT AT

PRESENT

(
CNT3--CNT3+I

4-8

4_5

FLAG OF DECIDING
sTATE OF RoAD
SURFACE '?

NO
YES

FLG=O

YFLG=|

FLG‘Z

FLG=3

I

4-6

8

UPDATE
BACKGROUND

UPDATE

BACKGROUND
4-9

4-|4

CNTl-CNT 1+:

CNT2-CNT2+I

4-l I

4-!5

YES 4-12
(

‘l6

‘NO
| CNT 3~~o ]
4 '7

U PDATE

UPDATE

BACKGROUND

BACKGROUND

{Email
~

4-!3

GNP;

4-:7

US. Patent

Apr. 5, 1994

Sheet 5 of 13

5,301,239

FIG. 5
I

ENTRY

I

/‘5-I
PRODUCE INITIAL
BAG<GROUND
DATA

/\5..2
MAKE INITIAL DECISION
OF DAYTIME OR NIGHT

,_.5-3
CARRY OUT FRAME
DIFFERENTIAL PROCESSING

CARRY OUT BACKGROUND
DIFFERENTIAL PROCESSING

/—5-5
EXTRACT

VEHICLEISI

/"5"’6
TRACE

VEHICLEISI
ll

/-/5_7
II

UPDATE

BACKGROUND‘ DATA

/'5."'8
JUDGE DAYTIME

OR NIGHT
I

US. Patent

Apr. 5, 1994

Sheet 6 of 13

5,301,239

FIG.6
I VIDEO CAMERA

QQQQID

mh>zou

/3

4 8

Z.\moSE OPEQ

\k9

6/
5/
J
RS
m
M
EPAG
PA%
ME0
uGoEuG m
M
YY
E
M
M
W
A
M
N
ENA
M

1MPam
MII1

D
ND

.zosn_mckbOu

'

OUTPUT

OF

SPEED
OUTPUT

OUTPUT OF
DEGREE OF
TRAFIC (IDNGEST ION

SERIAL OUTPUT

US. Patent

Apr. 5, 1994

Sheet 7 of 13

5,301,239

FIG.7
H VIDEO
cAMERA

@II/

///////////////7

I2 MAIN BODY OF VEHICLE
OYNAMIc sTATE

I MEASURING UNIT

E V

I-

E5
Q;

I9
IMAGE

1

20

MEMORY

<\I 8

PICTURE

DATA

PROCESSING
PORTION

5

2I

l

24

IMAGE
MEMORY
22

j
IMAGE

DATA

PORTION

MEMORY

S

25

IMAGE
MEMORY

‘

OUTPUT I:>

j

-

U.S. Patent

Apr. 5, 1994

FIG.8 A

Sheet 8 of 13

FIG.8 B
+

sec

/ \I
"II/

I

I

FIG.8 D
BACKGROUND

FRAME

DIFFERENTIAL

&

[mil

FIG.8 E

FIG. 8 F
FRAME

BACKGROUND

DIFFERENTIAL +

DIFFERENTIAL

BACKGROUND
DIFFERENTIAL

‘ [I

U

I

US. Patent

Apr. 5, 1994

Sheet 9 of 13

5,301,239

FIG.9

@ Kw

FRAME DIFFERENTIAL
(PLUS COMPONENTS ONLY )

I
BACKGROUND DIFFERENTIAL ~S
(PLUS COMPONENTS ONLY)

1- 0

S33

S34
1- o
.

S36
zum -|
Z(i—I,j)—- |

535

NO

S37

“M11202
NO

Z(i-2,j)-—|

Z(i.j)-—O
.

.

/539

S40

1~1+|

NO

84:

S42
S43
YES

(S38

‘Z(i,j)——| I

US. Patent

Apr. 5, 1994

5,301,239

Sheet 10 of 13

FIG.IO

@
FRAME DIFFERENTIAL
(PLUS CCIVIPONENTS ONLY I

I

A852

BACKGROUND DIFFERENTIAL
(PLUS COMPONENTS ONLY)

EE-III~S53
I-lil

S54
S55

c(i,jI—bIi,j)<CzO

856

NO

YES
a|——B|/2
a2-—B2/2

?57
a|——,8|
a2--B2

_.________1

S58

S5\9
2 (m)

S60

--|

z(i_m,___l
2(i—2,j)-—|

NO [862
z(i,j>--o

Z(i,j)-—I

L

T

S63
S64
S65

rS6|

YES

U.S. Patent

Apr. 5, 1994

'

/

1;:5

/

5,301,239

Sheet 11 of 13

7| VIDEO

/

CAMERA

8O /./

/VEHICLE
72 MAIN BODY OF VEHICLE
DYNAMIC STATE

§ MEASURING

DE:

IMAGE

w

MEMORY

Q5

28
Y
77

‘6%?
PROcEssING

PORTION

#74

I

‘
MEMORY

78

IMAGE

75
IMAGE

J

MEMORY

76
IMAGE
MEMORY

NIT

J

OUTPUT

PORTION

I

79

:>OUTPUT

US. Patent

‘ Apr.5,1994

Sheet 12 of 13

5,301,239

FIG. l2

NO

US. Patent

Apr. 5, 1994

Sheet 13 of 13

5,301,239

FIG.I3

,ss
s9

\
C(i,j)—-C(i,j)or 7Fh

NO

L_______
s1:

SK)

382

‘,___H<
1

s13

YES 15,30

YES
NO

1

5,301,239

SUMMARY OF THE INVENTION
It is an object of the present invention to provide an

APPARATUS FOR MEASURING THE DYNAMIC
STATE OF TRAFFIC

BACKGROUND OF THE INVENTION

2

5

apparatus for measuring the dynamic state of traffic
which eliminates the above-described problems of the
conventional art and which can accurately measure

The present invention relates to an apparatus for

positions and speeds of vehicles by judging the state of

measuring the dynamic state of traffic, and more partic

the road (such as whether there are no vehicles, running

ularly an apparatus installed at a road to collect neces

vehicles, or standing vehicles on the road) and by main-'

sary traffic information such as the speed of vehicles,
the number of vehicles passing, the types of cars (ordi
nary cars, large cars), etc.

taining always correct background data by changing
the rate of updating the road data based on the judged
state of the road.

Conventionally, an apparatus for measuring the dy

(1) In order to achieve the above object, the appara

namic state of traffic has been structured such that it can
tus for measuring the dynamic state of traffic according
process both current picture data, which is a picked up 15 to the present invention includes a video camera unit for
image of vehicles on the road, and background data of
picking up the dynamic state of vehicles on the road and
the road. The conventional apparatus can also calculate
outputting picture data as electrical signals, an A/D

the speed of vehicles, the number of vehicles passing,
converter connected to the video camera unit to con
the types of vehicles (ordinary cars, large cars), etc.
vert the picture data from the video camera unit into
based on the processed data, and output the results.
20 digital data, an input image memory unit connected to
In the conventional apparatus stated above, however,
the A/D converter to temporarily store the digital pic
there has been a problem: since the apparatus is installed
outdoor, it is necessary to update background data to
follow the weather changes, etc. When the background
data is updated by obtaining the difference in luminance
between an original image and a background image and
multiplying the difference by a predetermined ratio, the
background data can be brought into disorder because

ture data, a background data memory unit connected to
the A/D converter to store background data which
becomes the background when an image of vehicles on
25 the road is picked up, or road data when there is no

the updating is carried out even when the road is unseen
due to traffic congestion or other reasons.

Further, according to the above-described conven
tional apparatus, there has also been a problem in that
shadows of vehicles on the adjacent traffic lanes are

misjudged as being vehicles when the picture is pro
cessed, or the shadow of the front portion of a vehicle

is misjudged as being the front edge portion of the vehi
cle, thus causing an erroneous detection.

Further, there has also been a problem in that, when
the luminance of the vehicle is decreased at dusk, it is
hard to detect vehicles, not to mention those having a
dark color with little difference of luminance from that

of the road surface. Vehicles having bright color, with
large differences of luminance are also hard to detect.
Conventionally, it is impossible to eliminate all the un

necessary images of shadows even if image processing

using only plus components is carried out. Here, the
plus components are non-zero and non-negative compo
nents in the result of both the difference of background

and the difference between frames, the former being the
difference at each of the picture elements between the

original image and the background image, while the
latter is the difference at each of the picture elements
between images taken at a time interval At. Therefore,
an end edge portion of the shadow of vehicle may be
detected as being a vehicle due to the difference be
tween frames, resulting in a misjudgement and errone
ous detection if the vehicle is running at high-speed or
if it is a large car. Here, the difference between frames
is the difference at each of the picture elements between 60

original images taken at the time interval At.

Since image processings using only plus components

vehicle on the road, an image processing unit connected

to the input image memory unit and the background
data memory unit, to compare road information stored
in these memory units such as the background data
obtained by the video camera unit, an average lumi
nance value of the current picture data, a highest-fre
quency luminance value, and information about mobile
objects, and to judge the presence or absence of vehi
cles on the road, the presence or absence of running
vehicles, the presence or absence of standing vehicles
and whether the running vehicles are large or small and
an output unit connected to the image processing unit to

output the result of the judgement.
Thus, according to the present invention, based on
the current picture data and background data, it is possi
ble to classify the states of the road into a state of no
vehicle, a state of existing running vehicles and a state

of existing standing vehicles. Further, in updating the
background data, it is possible to update the back
ground data using a large updating rate when there
exists no vehicle based on the road information and a

small updating rate when the road is congested with
traffic. Thus, it is possible to maintain accurate back
ground data and to measure positions and speed of vehi
cles.
(2) In order to achieve the above object, the vehicle
dynamic state measuring unit of the present invention
uses a video camera to pick up images of vehicles on the

road, processes the picture data and measures and col
lects information about the dynamic state of the vehi
cles. When there exist shadows of the front surfaces of
vehicles or shadows of vehicles on the adjacent lane in

the daytime, the effect of the shadows is eliminated by
using only the plus components of a background differ
ential system or procedure and a frame differential sys

tem or procedure having expansion processing. Fur

ther, when there is little difference of luminance at dusk,
are carried out, it is not possible to completely extract
the original picture data and background data are com
vehicle images from the normal processed screen pic
pared and a threshold value is selected in two stages in
tures when there is small difference of luminance be 65 a picture element unit, and only the plus components of
tween black cars and the road surface on the video
the background differential system and the frame differ
screen so that black cars may not be detected even in
ential system having expansion processing are used, to
the daytime.
thereby eliminate the effect of the shadows. Here, the

3
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background differential system is a system in which the
difference at each of the picture elements between the

4

FIG. 5 is a ?ow chart showing the processing proce
dure for obtaining the dynamic state of vehicles based

original image and background image is sought, the

on a background differential system and a frame differ

frame differential system is a system in which the differ
ence at each of the picture elements between the origi—
nal images taken at a time interval At, namely, a new

ential system according to the ?rst embodiment of the

image minus an old image is sought, and the expansion
processing is treatment in which several picture ele

of a modi?cation of the ?rst embodiment of the present

ments on the upper scan lines (backward elements) with
respect to the present picture element are treated as

changed, if a change is found at the present picture
element by the frame differential system.
Based on the above described con?gurations, the

present invention has the following operations.
First, it is possible to trace and measure vehicles with
out having the in?uence of shadows of the front surface
of the vehicles or shadows of running vehicles on the
adjacent traf?c lanes and thus measure and collect accu
rate traffic information. Second, it is possible to extract
or identify vehicles of dark colors having little differ
ence of luminance from the luminance of the road sur
face toward dusk, trace and measure these vehicles, to

thereby collect accurate traffic information.

present invention;
FIG. 6 is a block diagram showing the con?guration

invention;
FIG. 7 is a block diagram showing the con?guration
of the traf?c dynamic state measuring unit according a
second embodiment of the present invention;
FIG. 8A is a picture data diagram of t - At [sec.]

according to the second embodiment of the present

invention;
FIG. 8B is a picture data diagram of t [sec] according
to the second embodiment of the present invention;
FIG. 8C is a background picture data diagram ac
cording to the embodiment of the present invention;
FIG. 8D is a picture data diagram showing the result

of the frame differential with expansion processing of
which only plus components are used according to the
embodiment of the present invention;
FIG. 8B is a picture data diagram showing the result
of the background differential processing of which only

The present invention is characterized in that a deci
25 plus components are used according to the embodiment
sion is made whether a result of a frame differential

processing having expansion processing is valid or not
based on the result of background differential process

ing for each picture element.
The present invention is also characterized in that a

processing screen is produced with different weights
for the picture elements which have become valid in the

background differential processing, the picture ele
ments which have become valid in the frame differential

processing with expansion processing, and the picture
elements which have become valid in both processings.
According to the present invention, there are the

following advantages. First, it is possible to eliminate
the end edge portion of the shadow of a vehicle running
on the adjacent traffic lane by judging whether the
frame differential processing should be made valid or

of the present invention;
FIG. 8F is‘ a picture data diagram showing the result
of the background differential procedure plus frame
differential procedure with expansion processing ac
cording to the embodiment of the present invention;
FIG. 9 is a ?ow chart showing the processing for

producing a processed screen picture during daytime
after having eliminated shadows according to the em

bodiment of the present invention;
FIG. 10 is a flow chart showing the processing for
producing a processed screen picture toward dusk ac

cording to the embodiment of the present invention;
FIG. 11 is a block diagram showing the con?guration
of the traf?c dynamic state measuring unit according to
a third embodiment of the present invention;

FIG. 12 is a flow chart showing a valid decision of
the frame differential procedure according to the em
cessing in the unit of picture elements. Second, it is
bodiment shown in FIG. 11; and
possible to accurately measure vehicles without having
FIG. 13 is a flow chart showing the processing for
an in?uence by running vehicles on the adjacent traffic 45 producing a processed screen according to a fourth
lane. Third, it is possible to produce a more accurate
embodiment of the present invention.
not based on the result of background differential pro

processing screen picture by changing the weight of the

result of the processing based on the result of differen
tials for each picture element, so that vehicles of dark
colors with little difference of luminance from the lumi 50
nance of the road surface can be extracted. As a result,

it is possible to accurately trace and measure vehicles to
measure and collect accurate traffic information.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is a block diagram showing the con?guration
of the vehicle dynamic state measuring unit according
to one embodiment of the present invention.
In FIG. 1, 1 designates a video camera which is dis

posed to observe and pick up pictures of the movement
BRIEF DESCRIPTION OF THE DRAWINGS
55 of vehicles on the road and produce picture data in the
FIG. 1 is a block diagram showing the con?guration
form of electrical signals. Reference number 2 desig
of an apparatus for measuring the dynamic state of
nates the main body of a traffic dynamic state measuring
traffic according to a ?rst embodiment of the present
unit, connected to the video camera 1, to judge the state
of the road based on information supplied from the
invention;
FIG. 2 is a flow chart showing the processing proce 60 video camera 1. The following are the configuration
dure of a method for judging the state of a road accord
elements of the vehicle dynamic state measuring unit.
ing to the ?rst embodiment of the present invention;
Reference number 3 designates an A/D converter, con
FIG. 3 is a ?ow chart showing the processing proce
nected to the video camera 1, to convert picture data
‘dure of a method for judging daytime or night accord
outputted from the video camera 1 into digital data.
ing to the ?rst embodiment of the present invention; 65 Reference numbers 4 and 5 designate input image mem
FIG. 4 is a flow chart showing the processing proce
ories, connected to the A/D converter 3 to temporarily
dure of a method for updating the background accord
store input images of the digital data. Reference number
6 designates a background image memory, connected to
ing to the first embodiment of the present invention;
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the A/D converter 3, to temporarily store background
data, which is road information in the state where no
vehicles are present, picked up in an image by the video
camera 1. Reference number 7 designates a processed
image memory, connected to both the A/D converter 3
and an image processing unit to be described next, to
temporarily store a processed image which is a result of

processing an image in the image processing units. Ref
erence number 8 designates the image processing por

6

Steps 2-3, 2-4 and 2-5, a distinction between large and
small running cars is made based on the number of

picture elements showing changes between the frames.
In Steps 2-6 and 2-7, an average luminance value and

the most frequent value of the luminance in the input
image memory 4 and the background image memory 6
are obtained to make a distinction between the presence

and absence of stationary vehicles. In Steps 2-8 and 2-9,

mutual average luminance values are compared, and
when there is a large difference between these values, it
is judged in Step 2-11 that a standing car exists. When
stored in the memories 4 to 6, extract and trace vehicles
the difference between the average luminance values is
and evaluate the running speed of vehicles, judge the
small and the difference between the most frequent
current state on the road and update the background
values of the luminance is small, it is judged in Step 2-10
data.
15 that no car exists. As described above, by comparing
The operation of the above embodiment will be ex
the most frequent values of the luminance, it is possible
plained below.

tion, connected to the memories 4 to 7, to process im
ages based on input images and a background image

First, picture information obtained by picking up
images by using the camera 1 is sent to the main body of
the traffic dynamic state measuring unit 2. The A/D
converter 3 of the traffic dynamic state measuring unit
2 converts the picture information into digital data.
Digital data of two screen pictures taken at a predeter

to determine whether a standing vehicle is present even
when the average luminance value is small and a vehicle
exists.

As described above, according to the above algo
rithm, the rate of updating the background data can be
changed based on the state of the road surface (the state

mined interval are temporarily stored in the input image

where no vehicle exists, the state where a running car

memories 4 and 5. Then, information about the state of
the road on which there exists no vehicle, or back

exists, or the state where a standing vehicle exists). In
other words, when no vehicle exists, the rate of updat

ground data, is temporarily stored in the background
image memory 6. This background data changes based

ing the background data is taken to be large and when
a standing vehicle exists, the rate of updating the back

on the time of day, such as morning, daytime or night,
and the weather, such as ?ne, cloudy or rainy, so that
the background data needs to be updated in accordance

accurate background data.

with these conditions in order to accurately depict the
state of the road surface as shown in the prior-art exam

ple. The image processing portion 8 processes the data
stored in input image memories 4 and 5 and the back
ground image memory 6, writes the result of the pro
cessing in the processed image memory 7, and extracts

ground data is taken to be small so as to maintain more

The processing procedure for the method of judging
daytime or night time according to the present inven
tion will be explained below with reference to FIG. 3.
In this case, as shown in Table 2, whether it is day or

night can be judged in three stages, 0 to 2.

[TABLE 2]

or identi?es vehicles from the picture data. By continu

ously carrying out these processings, the image process
ing portion 8 outputs the result of tracing of vehicles
and the running speed of the vehicles, determines the
current state of the road, and updates the background

Flag for judging
Environment
Daytime

day or night

O

Dusk time

l

Night time

2

data based on this information.

The basic algorithm of the method for deciding the

First, in Step 3-1, the average luminance of the back
ground
data in the background image memory 6 is ob
45
plained below with reference to the drawings.
tained. Next, in Step 3-2, the flag for judging day or
The state of the road which is divided into four
night is decided.
stages, 0 to 3, a shown in Table 1.
As shown in Table 2, when the flag for judging day
or
night is 0, it is daytime, when the flag is 1 it is dusk,
[TABLE 1]
and when the flag is 2 it is nighttime. When the ?ag is 0,
Flag of the state
or when it is daytime in Steps 3-3 and 34, the flag for
State of the road
of the road surface
the judgement is altered to the value for dusk if the
There exists no vehicle
0
There exist(s) running
1
average luminance of the background data is equal to or
state of the road in the above embodiment will be ex

vehicle(s) (Small)
There exist(s) running

2

vehicle(s) (Large)
There exist(s)

3

stationary vehicle(s)

lower than a threshold value a1 as shown in FIG. 3, in
55 which the threshold value a1 is used to judge whether

the dusk ?ag should replace the daytime flag. When the
flag for judgement is 1, or when it is dusk, in Steps 3-5,

3-6 and 3-7, the number of picture elements representa
tive of headlights is measured from the data of the input
First, referring to FIG. 2, in Step 2-1, a frame differ
ential is taken between the inputimage memories 4 and 60 image memory 4 by using a threshold value based on
the average luminance of the background data, and the
5 which store digital data of two screen pictures that
flag for the judgement is altered from the value for dusk
have been picked up at a predetermined interval. By
to the value for night when the number is a threshold
taking this frame differential, mobile objects (cars, in
value 1.13 or above. As described above, according to
this case) can be extracted. In Step 2-2, by measuring
the number of picture elements showing changes be 65 the present embodiment, headlights are followed, and

tween the frames, it becomes possible to distinguish the
states whether there exists a running car, whether there
exists no cars, or whether there exists a standing car. In

whether- the processing should be shifted to a night
trace processing or not is checked depending on the
number of vehicles with their headlights on. Further,

7
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when the flag for judging day or night is 2, or when it

is night, in Steps 3-8 and 3-9, the ?ag for the judgement
is altered from the value for night to the value for the
daytime if the average luminance value of the back
ground data is a threshold value a4 or above.

As described above, according to the processing
procedure for the method of judging day or night in the
present invention, whether it is day, dusk or night is
judged based on the background data so that a thresh

old value can be changed for the image processing.
Particularly, when the environment is judged to be dusk
and when there is little difference in the luminance
between a car and the road surface in the current pic
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processing is carried out, and in Step 54 the back
ground differential processing is carried out and the
processed data is stored in the processed image memory
7. The threshold values for these processings are
changed depending on whether it is day, dusk or night.

Particularly, when the environment is judged to dusk
and there is little difference in luminance between the
vehicles and the road surface small, a small threshold
value can be used and the extraction of vehicle data in
Step 55 can be facilitated. In Step 5-5, the luminance
distribution in the horizontal direction is obtained from
the processed data, to thereby extract a candidate for a
vehicle. Here, the candidate for a vehicle is an image of

ture data, the threshold value in the image processing

a vehicle extracted as the result of the treatment includ

can be changed to a small value based on this informa

ing the difference between frames and the difference

tion. At night, the background data is basically stable.
However, the road surface may be sometimes be bright

from the background. In Step 5-6, the result of this
processing and the previous position of the candidate

with the re?ection of light from the headlights of a car
when it passes, and this may influence the updating of
the background data. Accordingly, when a judgement
has been made that the environment is night based on
the information for judging day or night, an accurate
updating of the background data can be done by lower
ing the rate of updating the background data.

of the vehicle. From the result of this measurement, the
speed of the vehicle is determined. In Step 5-7, the
background data is updated, and in step 5-8 a judgement
of day or night is made.
As described above, according to the above process

will be explained below with reference to FIG. 4. First,
in Steps 4-1 and 4-2, the state of the road and whether it
is day or night are judged by a subroutine for judging
the state of the road and a subroutine for judging day or 30

becomes accurate, so that extracting of the existing
vehicles can be performed easily. By carrying out the
frame differential processing, running vehicles also can

night. In Steps 4-3, 4-4, 4-5, 4-6 and 4-7, when the cur
rent state is night, the background data is updated at the
rate of once per ?ve occasions. In FIG. 4, CNT desig
nates a count number for updating. In the case of day,

Next, the case of providing an output portion in the
traffic dynamic state measuring unit of FIG. 1 will be
explained below with reference to FIG. 6. In FIG. 6,
the components identi?ed by reference numbers 1 to 8

for a vehicle are compared, to measure a the movement

ing procedure, the background data can be updated
The processing procedure for the method of updating 25 accurately based on the information of the road. Fur
the background data according to the present invention
ther, the information of the background differential

be extracted easily.

the rate of updating the background data is changed

are the same as in FIG. 1, and an output portion 9 for

based on the state of the road. In other words, in Steps
4-8 and 4-9, when the flag for the state of the road
shown in Table 1 is 0 (or when no car exists), the back

FIG. 6. Based on the method for judging the state of the
road shown in FIG. 2, the degree of the current traffic

ground data is always updated. In Steps 4-10 to 4-13,

congestion is judged. The result of the measurement

outputting the result of processing is added to the unit in

when the ?ag for the state of the road surface is 1 or 2 40 (speed of vehicles, whether vehicles are detected or not,
degree of traffic congestion) is transmitted to a CPU,
(or when a running car exists), the background data is

updated once per three occasions. Further, in Steps 4-14
to 4-17, when the flag for the state of the road surface is
3 (or when a standing car exists), the background data is
updated once per ten occasions.
As described above, according to the method for

updating the background data of the present invention,
based on the road information obtained by the method
for judging the state of the road the background data

can be prevented from becoming disordered by lower
ing the rate of updating the background data when
there are standing cars due to traffic congestion. When
no car exists, the background data can sufficiently fol

low rapid changes of environment conditions by in
creasing the rate of updating the background data. Fur

ther, by changing the rate of updating the background
data depending on whether it is day or night, the in?u
ence of the re?ections of light from the headlights on
the road surface can be minimized at night.

for example, by using a parallel or serial circuit through
the output portion 9. Based on this information, the
CPU can provide information about traffic conditions
or can measure travel time, etc.

As is apparent from the above embodiment, the pres
ent invention has the following advantages.
1) Based on the state of the read (the state where no

vehicle exists, the state where a running vehicle exists,
or the state where a standing vehicle exists), the rate of
updating the background data can be changed. In other
words, the rate of updating the background data is
taken to be large when no vehicle exists and the rate of
updating the background data is taken to be small when
a standing vehicle exists so that more accurate back

ground data can be maintained. Further, the degree of
traffic congestion can also be judged.

2) By judging whether it is day, dusk or night from
the current picture data, the threshold value for image
Next, the processing procedure for obtaining the 60 processing can be changed. Particularly, when the envi
dynamic state of traffic by using a background differen
ronment has been judged to be dusk and when there is

tial method and a frame differential method in accor

dance with the present invention will be explained with
reference to FIG. 5.

little difference in luminance between the vehicles and
the road surface in the current picture data, the thresh
old value in the image processing can be changed to be

First, in Step 5-1, initial background data is produced 65 small based on this information.
and stored in the background image memory 6. In Step
5-2, an initial processing for judging whether it is day or
night is carried out. In Step 5-3, the frame differential

The background data is basically stable at night.
However, when a vehicle passes, the road surface may

sometimes become bright with the light from the head
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lights of the vehicle re?ected on the road surface,
which affects updating of the background data. Ac
cordingly, when the environment has been judged to be
night based on the information for judging whether it is
day or night, the rate of updating the background data
is lowered so that an accurate updating of the back

10

state of the road is judged and the background data is
updated based on this information.

FIG. 8 shows the result of using only the plus compo
nents from the frame differential and background differ

ential with expansion processing.
Three kinds of data are employed that is, picture data

ground data is possible.

at t - At [sec] as shown in FIG. 8A, picture data of t [sec]

3) When it is judged that vehicles are standing due to
traffic congestion or the like, based on information ob

shown in FIG. 8B and the background data shown in
FIG. 8C.
First, the picture data at t - At [sec] and t [sec] are
differentiated. The result is called the frame differential.
When only plus components are made valid, the front
edge portion of a running vehicle and the rear portion

tained by the method for judging the state of the road,
the rate of updating the background data is lowered to
prevent the background data from becoming disor
dered. When no vehicle exists, the rate of updating the
background data is increased to make the background
data suf?ciently follow a rapid change of the environ
mental conditions.
Further, by changing the rate of updating the back!
ground data depending on whether it is day or night,
the in?uence of the re?ection of light from the head~

of the side shadow of the vehicle are extracted as shown

in FIG. 8D. By making the frame differentials, mobile

objects can be securely extracted. Further, by carrying
out expansion processing to the backward picture ele
ments, the extraction is made more accurate. The

shaded portion in FIG. 8D shows a result obtained by

lights of the vehicles on the road surface at night can be 20

the'expansion processing.

minimized.
4) The background data can be updated accurately

data are differentiated. The result is called the back

Next, the image data at t [sec] and the background

ground differential. When only plus components are
made
valid, shade portions are not extracted and only
mation of the background differential becomes accu
rate, which facilitates the extraction of existing vehicles. 25 bright portions of the vehicle are extracted as shown in
FIG. 8B.
based on the information of the road so that the infor

Further, by carrying out the frame differential process
ing, running vehicles also can be extracted easily.

When a logical sum of the frame differential and the
background differential is obtained to produce a pro

5) By transmitting the information obtained in 1)
cessed screen picture, the vehicle can be securely ex
above to the CPU, the CPU can utilize the information 30 tracted as shown in FIG. 8F. Vehicles of bright, light
for providing information on traffic conditions or for
colors are extracted by both the frame differential tech
scheduling a travelling time.

The second embodiment of the present invention will
now be described with reference to the drawings.
FIG. 7 shows the configuration of the second em
bodiment.

’

In FIG. 7, 11 designates a video camera and 12 desig
nates the main body of a traffic dynamic state measuring
unit.

,

The main body of the traffic dynamic state measuring

nique and the background differential technique.
When vehicles have dark colors, basically the lumi
nance of the colors becomes higher as the vehicles are
approaching closer on the screen, so that the vehicles

can be extracted by the frame differential technique. In
the case of standing vehicles, they can not be extracted
by the frame differential technique but they are ex

tracted by the background differential technique.
The method for eliminating shades in the daytime

unit 12 includes an A/D converter 19, an image mem
will be explained next.
ory 20 (for an input image 1), an image memory 21 (for
FIG. 9 shows a ?ow chart showing the processing for
an input image 2), an image memory 22 (for an input
producing a processed image with eliminated shadows
image 3), an image memory 23 (for an input image 4), a
in the daytime. First, the picture data at t [sec] and t - At
picture data processing portion 24 and a data output 45 [sec] are differentiated (frame differential) and only plus
portion 25.
components are made valid (step (5) 31). Then, the pic
Next, the operation of the above-described con?gura
ture data t [sec] and the background data at are differen
tion will be explained.
tiated (background differential) and only plus compo
Picture information obtained by picking up a picture
nents are made valid (Step 32).
with the video camera 11 is transferred to the main 50
Data of each picture element in the frame differentials
body of the traffic dynamic state measuring unit 12.
is compared with a threshold value a1 (Step 35). When
The main body of the traffic dynamic state measuring
the data of each picture element is equal to or higher
unit 12 converts this information into digital data with
than the threshold value a1, or Yes, “1” is written in the

the A/D converter 19. Digital data of two screen pic
same position of the processed screen and at the same
tures picked up at a predetermined interval are stored in 55 column positions one and two rows before respectively,

the image memories 20 and 21. Information about the
state when no vehicles are on the road (background

data) is stored in the image memory 22.
Based on the data stored in the image memories 20, 21

and 22, the picture data processing portion 24 uses only
plus components obtained from the background differ
ential and the frame differential with expansion process

ing, and writes the result of the processing in the image
memory 23. The state of vehicles is then extracted from

and thus an expansion processing (Step 36) is per
formed. When the data of each picture element in the
frame differential is lower than the threshold value :11,
or No, the picture data of the background differential is
compared with a threshold value (12 (Step 37). When
the picture data in the background differential is equal
to or larger than the threshold value a2, or Yes, “1” is
written in the same position of the processed screen
(Step 38). In all other cases, or No, “0” is written in the

the resultant picture data. By continuously carrying out 65 same position of the processed screen (Step 39). These
this processing, the state of the vehicles traced and the
running speed of the vehicles are outputted to the data
output portion 25, and at the same time, the current

processings are carried out for all the picture elements

to produce processed screens (Steps 33, 34, 40, 41, 42
and 43).
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The operation of the above embodiment will be ex
plained below. Picture information of a vehicle 80
picked up with the video camera 71 is transferred to the
unit main body 72. The unit main body 72 converts the

the shadow as a vehicle. Thus, accurate traffic informa
tion can be measured and collected.

,

inputted image information into digital data by using the

FIG. 10 shows a flow chart for producing a pro
cessed screen picture at dusk.
First, the picture data at t [sec] and t - At [sec]] are

differentiated (frame differential), and only plus compo~

12

ture data, 78 designates a picture data processing por
tion, and 79 designates a data/ output portion.

By using the processed screens as described above, it
is possible to accurately trace the front edge position of
the vehicle, without tracing the shadow of the vehicle
running on the adjacent traffic lanes due to misjudging

A/D converter 77, and stores digital data of two screen

pictures picked up at a Predetermined time interval in
r-l

nents are made valid (Step 51). Then, the picture data at
t [sec] and the background data are differentiated (back

ground differential), and only plus components are
made valid (Step 52). For each picture element, the
picture data at t [sec] is compared with the background
data (Step 55). When the differential is smaller than the
threshold value, or Yes, the threshold values of the
frame differential and the background differential are
set to i of the normal threshold values (Step 56). In all
other cases, or No, the normal threshold values are used

the image memories, 73 and 74 respectively. Informa
tion about the state when no vehicle 80 is present (back

ground data) is stored in the image memory 75.
Based on the data stored in the image memories 73, 74

and 75, the picture data processing portion, 78 carries
out a background differentiation procedure and a frame

differentiation procedure with expansion processing,
and uses only plus components of these processings.
The results of the processings are written in the image
memory 76. Then the vehicle 80 is extracted from the

(Step 57). By the above processing, vehicles having

picture data. By continuously carrying out the above
processings, data indicating the movement and running

small difference of luminance can be extracted.

speed of the vehicles are outputted from the data output

Then data of each picture element in the frame differ
ential is compared with a threshold value 0.1 (Step 58).
When the data of each picture element is equal to or
larger than the threshold value a1, or Yes, “1” is writ
ten in the same position of the processed screen picture
and in the positions of the same column one and two

rows before respectively, and thus the expansion pro
cessing is also carried out (Step 59). When the data of
each picture element in the frame difference is smaller
than the threshold value 0.1, or No, data of each picture
element in the background differential is compared with
a threshold value a2 (Step 60). When the data of each
picture element is equal to or larger than the threshold
value 0.2, “1” is written in the same position of the

portion 9 and the current state of the road can be

judged. Based on this information, the background data

is updated.
FIG. 12 shows a ?ow chart for the basic processing
of the above embodiment. The operation will be de
scribed with reference to this flow chart.
It is assumed as follows. The picture data to be pro
cessed (picture element) has a row to and a column 11.

The image memory data for storing a new image is N

(coordinates i, j), and the image memory data for stor
ing an old image is 0 (i, j), and the image memory data
for storing background data is H (i, j). An area for stor
ing the result of a background differential procedure is
a (i, j), an area for storing the result of a frame differen

processed screen picture (Step 61). In all other cases,
tial procedure is (i, j), and an area for storing the result
“0” is written in the same position of the processed
of a background differentiation procedure and a frame
screen (Step 62). This processing is carried out for all 40 differentiation procedure with expansion processing is c
the picture elements, to produce processed screen pic
(i, j). A threshold value for deciding whether a back
ground differentiation procedure and a frame differenti
tures (Steps 53, 54, 63, 64, 65 and 66).
By the above arrangement, vehicles of dark colors
ation procedure with expansion processing should be
with small difference of luminance from the luminance
of the road surface at dusk can be extracted from the
processed screen picture, accurate tracing and measure
ment of the vehicles become possible, and accurate
measuring and collecting of traffic information are en
abled.
As is obvious from the above embodiment, the pres 50

ent invention has the following advantages.
Tracing of the front edge positions of vehicles is
possible without rnisjudging the shadows of the vehicles
in the adjacent traffic lanes as being vehicles, so that

carried out or not is TI-ll, a threshold value for a frame

differentiation procedure with expansion processing is
TH2, and a threshold value for the background differ
entiation procedure is TH3.
First, in Steps (hereinafter to be abbreviated as S) (S1)
and ($2), the coordinates i and j are set to 0, and for each

picture element, a background differential is taken by
subtracting background picture data from new picture
data and the result is stored in the area a ($3). Next, a
decision is made as to whether a background differenti

ation procedure and a frame differentiation procedure

traf?c information can be measured and collected accu 55 with expansion processing should be carried out for the
rately.

'

Further, tracing and measurement of vehicles is pos
sible by extracting vehicles of dark colors with small
difference of luminance from the luminance of the read

above result, by comparing the threshold value THl
with a (i, j) (S4). If the result is smaller than the thresh
old value THl, “0” is written in the area c (i, j) for

storing the result of the processing (S5).

If the result is equal to or larger than the threshold
value THl, a frame differential is taken by subtracting
old picture data from the new picture data, and the
ment of the present invention.
result is stored in the area b (S6). A decision is made
In FIG. 11, 71 designates a video camera, 72 desig
whether the value is equal to or larger than the thresh
nates a main body of a traffic dynamic state measuring 65 old value TH2 of the frame differential processing with
unit (hereinafter to be simply referred to as a unit main
expansion processing (S7). If the value is equal to or
body), and 73 to 76 designate image memories. Refer
larger than the threshold value TH2, “1” is written in
ence number 77 designates an A/D converter for pic
the area c (i, j) for storing the result of the processing in
surface at dusk, so that traffic information can be mea 60

sured and collected accurately.
FIG. 11 shows the con?guration of the third embodi

