SPECI F1 Gl ON 1. TITLE OF THE | NVENTI ON VEH CLE DETECTI NG SYSTEM 2. FI ELD
OF _YHE | NVENTI ON AND RELATED ART STATEMENT The present invenhtion relates to
a vehicle detecting systemwhich is used for toll machines for toll roads
and for traffic equipnment for traffic survgy, etc. There are three
conventional systens in which passing vehicles on the road are detected and
counted from above the road surface: (1) Utrasonic systemshown in Fig. 23
Wth this system a piezoelectric transducer .which transmts and receives
ul trasonic wave 101A is nmounted above

SPECIFICATION

1. TITLE OF THE INVENTION

VEHICLE DETECTING SYSTEM .

2. FIELD OF THE INVENTION AND RELATED ART STATEMENT

The present inventioﬁ relates to a wvehicle detecting
system which is used for toll machines for toll roads and for
'tfaffic equipment for_traffic survey, etc.

There are three conventional systems in which passing
vehicles Bn the road are detected and counted from above the
road_surface:

(1) Ultrasonic system shown in Fig. 23
With this system, a piezoelectric transducer which
transmits and receives ultrésonic wave 101A is ﬁounfed above
. the road surface to detect the distance to the road surface.
When a vehicle 103 passes through as shown in Fig. 23, the
length.of time taken'for reflected echo 104 to return becomes
.short, so that the presence of the vehicie 103 can be'detected;
(2) Microwave system (not shown)

With this system, the frequency of reflected wave
corresponding to fhe transmitted microwave is measured. The
wave reflected back from a passiﬁg vehicle is - subjected to
doppler shift (freqﬁency shift), while the wave reflected back

from the road surface is not subjected to frequency shift.



t he road surface to detect the distance to the road surface. When a vehicle
103¥passes 't hrough as shown in Fig. 23, the length of tinme taken for
reflected echo 104 to return beconmes short, so that the presence of the
vehicl e 103 can be detected. (2) M-crowave system (not shown) Wth this
system the frequency of reflected wave corresponding to the .
transmtted mcrowave is neasured. The wave reflected back froma passing
vehicle is - subjected to doppler shift (frequency shift), while the wave
refl ected back fromthe road surface is not subjected to frequency shift.

Theréfore, the passing of a vehicle can be detected by
detecting the fréquency shift.
.(3). Optical system shown in Fig. 24

This system monitors the illuminance of road surface 102
by using a photosensor 105. When a fehicle 103 pésses through,
"the system detects the vehicle 103 because the roof paint color
of the vehicle is different from the color of road surface.
With the optical system, the field of view can be reduced by
using an optical lené, or multiplé detection can be carried out
.by using an array of photosensors. |

Thé above-described conventional vehicle detecting
techniques pose the following problems:

In the ultrasénic and.microwave systems, long wavelength
increases the beam width, so that the system widely covers the
lane under the mounting position. Therefore, even if a small
vehicle 103 such aé a motorcycle passes through anywhere on the
lane just under the sénsor; the system can detect the vehicle.

" Thus, these'sYStéﬁs.hﬁve'an'advantage of covering the
eﬁtifé width of one lane with one sen#dr,_but they cannot count

- a.ﬁlﬁrality of motorcyclgs sgparately.when the motoréycles go
side by side oﬁ_the same lane. Alsé, these systems cannot
detect a motorchle_passing'the side of a truck on a jammed
road} 'Asldescribed-above, the System_using ultrasonic wave or
microwave has a iimitation'in_aCCu?dte detecﬁion,of'passing

. vehicles.



2 Therefore, the passing of a vehicle can be detected by detecting the
fredguency shift. (3) Optical systemshown in Fig. 24 This systemnonitors
the illum nance of road surface 102 by using a photosensor 105. Wen a
vehi cl e 103 passes through, the system detects the vehicle 103 because the
roof paint color of the vehicle is differgnt fromthe color of road
surface. Wth the optical system the field of view can be reduced by using
an optical lens, or nmultiple detection can be carried out by using an array
of photosensors. The above-descri bed conventional vehicle detecting
t echni ques pose the foll ow ng problenB
Such miscounting is not permissible when the system is
applied to a toll machine on a toll road, though it does not
present a particularly big problem when the system is used for
traffic survey to control the signal lights at intersections.
The optical system, unlike the'microwave and ultrasonic
.systems, is based on beam of light 106. Therefore, this system
can separately count motorcycles 103 going side by side as
‘shown in. Fig. 24 if photosensors 105 are mounted at short
intervals so that the field of view is decreased in the width
direction in a lane.
In this case, however, two motorcyoles going side by side
may be regarded as one vehicle in detection at a certain time
of day because the shadow 108 of one vehicle is cast upon the

road surface 102 when the sun 107 is at 2 low position in the

morning or evening.

3. OBJECT ANDlSUMMARY.CF THE INVENTION
The present lnventlon was made ‘in view of’ the above
situatlon. Accordlngly, an object of the present 1nventlon is
to provxde a vehlcle detectlng system whlch solves the above
problems and is less affected by vehicles g01ng side by side on
a lane, trafflc condltlons such as jammlng, and weather
conditions..
| To achleve the above object, the'constitution of the

present lnventlon ls ‘as follows-



In the ultrasonic and m crowave systens, |ong wavel ength increases the beam
wi déh, so that the systemwi dely covers the | ane under the mounting
position. Therefore, even if a small vehicle 103 such as a notorcycle
passes through anywhere on the | ane just under the sensor, the system can
detect the vehicle. Thus, these systens have an advant age of covering the
entire wwdth of one Iane with one sensor, but they cannot count a plurality
of notorcycl es separately when the notorcycles go side by side on the sane

| ane. Al so, these systens cannot detect a notorcycle passing the side of a
truck on a jammed road. = As_descri bed above, the systemusing ultrasonic
wave or ni-croddve The ¥ehifleafpSRCrAngcSYELER Rt &BE FFFePasyrRption is

vehi cl es. - . - - . _ . .
characterized by comprising, an optical array sensor which is

disposed above a road surface to receive one dimension light
amount signal. iﬁ the lane width direction from the' road
' surface; optical equipinent, such as & lens, 'which is mounted to
the optical array sensor; intermittent markings which are
disposed at fixed intervals on the road surface in the one
dimension field of view of the optica.l array sensor; and a
signal processing device which detects vehicles passing through
. on fhe ;oad sufface by processing the output signal sent from
‘the optical array sensor. - '
(2) The vehicle detectin,g. éystem of the present inve'nt;ion is
characterized by comprising, a marking projecting device which
includes a laser light source and a diffraction grating mounted
above a road surface in -order to project stripe-pattern
intermittent marking images in the lane width direction onto
the road surfaée; an oétid&l array sensor_which is mounted
above the "ro'_ad- surface so as to haiie"éx_ri” 6‘pticél"aXis _f‘-j_n'f"-'
nonparallel with the opticéi.axis of tﬁe'marking projectingi
device, and receives.a'ohéjdiménsioﬁ (lineér) light amount
signal of the intermi‘ll;:t.e_ni:'f.ma.rking images in ‘the lane width
direcéioh from the road éﬁffade; bptical équipment,.such.as a
lens, which'lis mounted t.b'. f._he optical array sensor; and a '_-'
'sighal prdcessing devi'ce 'wﬁiéh: detects vehicles passing throug_h--_-'l_ﬁ_

on the road _sux_"f'ace by pﬁQ:ﬁéSSing_the out_:put; signa]_. sent from-."_i_



3 Such m scounting is not permssible when the systemis applied to a tol
machi ne on a toll road, though it does not present a particutarly big
probl em when the systemis used for traffic survey to control the signal
lights at intersections. The optical system unlike the m crowave and
ultrasonic .systens, is based on beam of51ight 106. Therefore, this system
can separately count notorcycles 103 going side by side as shown in Fig. 24
i f photosensors 105 are nobunted at short intervals so that the field of
view is decreased in the wdth

the optical array sensor.
In this case, 'preferably, the intermittent period
interval of intermittent markings or the intermittent marking

.images should be longer than the on-road period interval of
picture elem_enﬁs of the optical arrdy sensor, and-shorte;: than
the minimufn width of the {rehicle to be detected. Preferably,
at least one sensor out o'f a step board which is embedded i.n
.the road suiface and has a contact operated by a wheel of
vehicle, a-loop'coil which is embedded in the road eurface, an
ultrasonic wave transmitter/receiver'which is mounted above the
road surface, and a miciowave transmitter/receiver which is
mounted above the road surface, should be further comprised so
that the signal processing de?rice detects. vehicles from the
output .signal of the sensor and the output sighal of the
optical array sensor.
The operation of the present invention is as follows.

(1) In the af'oresaid constitutien (1) of the preeent' invention,
the opt:.cal lJ.ght sensor and the oth.cal equn.pment such as a
lens receive’ the one dlmenSLOn (llnear) llght amount s1gnal in
the lane w1dth dlrectlon from the road surface. The.
inte;mlttentfmarklngs on the road surface,_whlch add.modulation
to one dimension light amount siénal, are used. to judge,
accord:.ng to the dlsturbance of modulatlon s whether a veh.\.cle'
is actually present on the road surface or no veh:Lcle is-

" present and__._ph;_Ly a shadew_ of _veh:.cle _pass:.ng-:;_'_;hrough " the -



directionin a lane. In this case, however, two notorcycles going side by
side, may be regarded as one vehicle in detection at a certain tinme of day
because the shadow 108 of one vehicle is cast upon the road surface 102 .
when the sun 107 is at a |low position in the norning or evening. 3. OBJECT
AND SUMVARY OF THE | NVENTI ON The present®invention was nmade in view of the
above situation. Accordingly, an object of the present invention is to
provide a- vehicle detecting system which solves the above problens and.is
| ess affected by vehicles going side by side on a lane, traffic
conditions such as janmng, and weather conditions. .
adjacent lane lies. The signal processing device processes the
one dimension light amount signal by taking advantage of the
presence of modulation added by the intermittent markings, and
separates and discriminates between the background road surface
and a passing vehicle, so that the passing of individual
vehicle is detected. |
(2) In the aforesaid constitution (2) of the present invention,
the_' laser light source is a light source for providing markings
on the ro_ad surface; and the diffraction grating 'gives the
laser beam'with a stripe-pattern, so that intermittent marking
imagesoare'projected on the road surﬁace. The array sensor
receiVes_the'one dimension (linear) light amount signal in the
lane width direction of intermittent marking images reflected
on the road surface. The signal processing device procfesses
the one dimension light amount signal from the optical array
sensor by taklng advantage of the fact that the marklng lmages
on’ the passrng Vehlcle 1s reflected by the vehlcle and not
_return to the optlcal array sensor, and separates the passrng_
'vehlcle from the background road surface and d;scrlmlnates
between them by chang:.ng of s:.gnal into str:.pe pattern, so that
ythe passrng of 1ndiv1dual vehlcle is detected.
As descrlbed above, accordlng to the present 1nventlon,
-by'uSLng the optlcal array sensor and the lntermlttent.marklngs.

or the optlcal array sensor and the marklng projectlng dev1ce

'for produc1ng 1nterm1ttent marklng lmages and the SLgnal-“



To achfeve—the—aboverfﬁﬁfﬁﬁ the constitution of the present invention is
as foll O%SheetHéEEfeér)Re f&qVehi cl e detecting systemof the present invention

is charac rising, an optical array sensor which is disposed
above a r llg M ﬁpI’ECEI ve one dinension |ight anbunt signal in the
| ane wi dt omthe road surface; optical equipnent, such as a

| ens, which is nounted to the optical array sensor; intermttent markings
whi ch are di sposed at fixed intervals on the road surface in the one

processing device, a vehicle can be detected accurately even
under special conditions where vehicles go side by side, a
motorcycle passes another vehicle in a traffic jam, or a shadow

is cast on the road surface.

4. BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, | _

Fig. 1 is a schematic, view of a vehicle detecting sfstem
in accordance with a first embodiment of the present invention,

Fig. 2 ie a view shOwiﬁg a typical waveform of incident
light;

Fig. 3 is a view showing a typical waveform of incident
light,

' Fig. 4 is a view showing'a typical waveform of incident

light, :

Fig. 5 is a block diagram showing a typioel-configurétion
of a Signal-processing device;

Fig. 6 is a view show1ng typlcal waveforms at portions of
the'sighel proce351ng dev1ce, |

Fig. 7 is a view show1ng the content of_one dimeﬁsion
memory, . |

Fig. 8 is a flowchart showing an example of s:.gnal
processing procedure, |

Fig; 9 is a schematlc view of a vehlcle detectlng system'

in accordance'with another embodlment of the present lnventlon,



dimension field of view of the optical array sensor; and a signal

proeessi ng asfeercReplletiect s vehi cl es passi ng through on the road
surface by - Eﬁ output signal sent fromthe optical array sensor.
(2) The veh system of the pgfsent.invention is characterized
by conprising, a marking projecting device which includes a | aser |ight
source and a diffraction grating nounted above a road surface in order to
project stripe-pattern intermttent marking imges in the |ane width
direction onto the road surface; an optical array sensor which is nounted
above the road surface so as to have an optical axis in nonparallel wth
the optical axis of Fhe.ndd ki pricvectliowinge bypd cadngonstaugsion ofiea step

di mension.(linear) |ight anount :
board for discriminating vehicle type,

Fig. 11 is_a view showing a typical map of contact
information,

Fig. 12 is a Dblock diagram showing a typical
cohfiguration of 'a signal processing device,

| -Fig. .13 is a Dblock diagram showing a typical

configuration of a signal processihg device, corresponding to
Fig. 5,

Fig. 14 is a view for iliustrating the action of a signal
processiﬁg device, |

"Fig. 15 is a schematic view of a vehicle detecting system
in accordance with a second embodiment of the present
invention, |

Fig. is is a view showing the condition of intermittent
ﬁarking imaées in the case where a vehicle passes through,

Fig. 17 is a view éhowing'a typical wa?eform of incident

 light, e o

Fié; 18 is a block diagramw showing a typical
configuration.of a signal_proces#ing device, -

Fig. 19 is,a-view.showing tjpical wavefoéms_ét portioﬁs
of_thé signal précessing.device; | |

Fig. 20 is:a view showing.fhe:COhtent'of‘one dimension
nemory, | | | |

Fig. 21 is a schematic view of a_véhicle deteéting system



si gnal _ of the intermttent marking inmages in the lane width direction from
the road surface; optical equi pment, such as a lens, which is nounted to

t he opti cal
vehi cl es passing through on the road surface by processing the out put
signal sent from 5 the optical array semor. In this case, preferably,
the intermttent period interval of intermttent markings or the
intermttent marking inages should be | onger than the on-road period

i nt erval

of

?'surface 102;'

array sensor; and a-signal processing devi ce which detects

in accordance with another embodiment of the present invention,
Fig. .22 is ~a block diagraﬁ showing a typical
configuration of a signal processing device, corresponding to
Fig. 18, | | .
Fig. 23 is'a view showing a coﬁbentional ultrasonic type
vehicle deteoting€SYStem,-and |
Fig. 24'is:a view showing a conventional optical type

vehicle detectinglsystem;_;-

5. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[First embodimentj

A firet embodiment of the present invention will be
described below:with reference to the drawings. Fig. 1 is a
schematic view of a vehicle detecting system in'accordance with

the first embodiment of the present invention. In Fig. 1, a

gantry 1 is used to lnstall equipment 2 above a road surface

102.' The equlpment 2 consmsts generally of optlcal equlpment

~such as- an' optlcal array sensor and a lens.._ In this
:embodlment, the-equlpment 2 consists of ‘a one dlmension CCD

'(Charge Coupled DEVlce) ‘camera 1ncorporatlng a one dlmenSLOn'

CCD opt:.cal element. The one dimension CCD camera 2 is
lnstalled _facing' dlrectly' below for each lane. Each one '

dimension*CCD”oamerafZ provides a -field of view-2A of one

'.dlmen51on 1n the lane wxdth directlon in relation to the road

:A;p;ural;ty-of'one dimension CCD-oameras-may;be'



picture elements of the optical array sensor, and shorter than the m ni num
wi dt ¥ of the vehicle to be detected. Preferably, at |east one sensor out of
a step board which is enbedded:«in the road surface and has a contact
operated by a wheel of vehicle, a |oop coii whi ch is enbedded in the road

surface, an ultrasonic wave transmtter/re
and a nmcrowave transnitter/receiver which is nounted above

road surf ace,

%lver whi ch i s nounted above the

the road surface, should be further conprised so that the signal processing
devi ce detects vehicles fromthe output signal of the sensor and the output
signal of the optical array sensor. The operation of the present invention

is as foll ows.
i nventi on,

(w9ed rtq mratiste caf deddnat | viny sovening theewpfsbenf one lane.

Reference numeral 3 denotes a passing vehicle. The output.
signal from;the one dimension CCD camera 2 is transmitted to a
signal processing device' 5 via a cable 4, and the signal
processing-dev'ice 5 detects the passing vehicle 3. The signal
processing device 5 outputs a pulse signal 5A each time one
vehicle .paS'.ses through. _intermittent'markings 6 are periodic
markings having'fixedlintervals, which are disposed at the part
of field of view of the one dimension CCD camera 2 on the road
surface 102; In this.embodiment, reflecting paint is applied
on the_roaceSurface ldi-at fixed intervals to form intermittent
nmarkings .6 . ..
Next, the function of the aforesaid intermittent marking
will be cescribed with reference to Figs, 2 to 4. Fig. 2 shows
an example_of output signal 2B obtained when the one dimension

CCD'camera’2'catches thehroad surface. . Although the offset

changes dependlng on the sunshlne condltlon, a perlodlc signal

modulate_;by marklngs 6 can be obtained.

- If ‘a vehlcle 3 passes through, the perlodlc signal is
dlsturbed at the paSSLng portion as lndlcated by reference
character ZC in Flg. 3. From this dlsturbance, the pOSltlon

where the vehlcle 3 passes through can be found. ' For example,

,even :Lf _-.two motorcycles go side by sn.de,. these can be.

separately detected s:.nce two dlsturbances 2C of perz.od:.c '

_s;gnal*thke place._




-

theﬂopficm

|l i ght sensor and the optical equi pnent such as a | ens receive

t her one di nension (linear) light anmount signal in the l|ane "width

direction

fromthe road surface. The intermttent markings on the

road surface, which add nodul ation to ong i nension |ight anount signal,

are used to judge, according to the disturbance of nodul ati on, whether a
vehicle is actually present on the road surface or no vehicle is present
and only a shadow of vehicle passing  through the 6 adjacent lane |ies.

The signa

processi ng devi ce processes the

When there is no passing vehicle on the lane directly
under the-one dimension CCD camera 2 and a large truck passes
through on the'adjacent lane, the'shadow of the truck is cast
on the field of view of the one dimension CCD camera "2
depending on the direction of suﬁ-light. In.thislcase, a

waveform 2D is provided as shown in Fig. 4. At the shadow area

2D, the offset'is reduced but the periodic signal 'does not :

disappear, so that it is found that there is no vehicle on this

;ane.

Thus, vehicles can be accurately'detected on the basis of
the periodic signal by detecting the disturbances of the
signal. .

Next,-a specific.example of a signal processind device 5
will be described with reference to Fig. 5. The signal
processing device 5 comprises an ampiifier 10, a band pass
filter 11,-an A/D converter 12, a standard srgnal pattern

memory 13, a collatlng c1rcu1t 14, a blnarlzatlon cxrcult 15,

"a standard reglster 16, “a one dlmen51on memory 17,'a:t1m1ng

_ generatlng circuit 18, and a computer 19.

The operatlon of the s;gnal processxng device 5 will be
described. First, the output 51gnal 2B sent from the one

dimension CCD camera 2 is ampllfled by the ampllfler 10, Then,

the ampllfled s;gnal a 1s passed through the band pass filter uf

'_11 to pass frequency components 1nc1ud1ng perlod components of

marking 6 and to. remove. low-frequency components due to




one di mension |ight anount signal by taking advantage of the presence of
nodul ati on added by the intermttent markings, and separates and

di scri m nates between the background road surface and a passing vehicle,

so that the passing of individual vehicle is detected. (2) In the aforesaid
constitution (2) of the present inventioR?Z the laser |ight source is a

| i ght source for providing markings on the road surface, and the
diffraction grating gives the | aser beamw th a stripe-pattern, so that
Fntermttent marking i nages are projected on the road surface. The array
sensor receives the one dinension (linear) light amount signal in the | ane

wi dth directifmnghihat ehli EhaRbwTar kiHigs | seges1 rBf kectaden Adee vywathe a/D
surface. The signal processing device processes
converter 12. The standard signal pattern memory 13 stores a
standard period pattern obtained when there is no vehicle on
the roadlsurface and all intermittent markings 6 lie ip the
field of view. The capacity of the memory is one dimension
field of view. 1In the collating circuit 14, the road surface
signal from the A/D converter 12 and a standard signal pattern
¢ from the standard signal pattern mémory 13 are inputted, and
the period components are femoved from the road surface signal
of the A/D converter' 12. The signal d from which period
components are removed is added to the binarization circuit 15.
The standérd registgr 16 contains a standard value which
constitutes one input of the binarization circuit 15. The
binarization circuit 15 separates the signal so that, for
example, the area where a vehicle is present is level "1" and
the area of road surface is level "0". The signal e thus
binarized is stored in the one dimension memory 17. Thus, when
all the contents of one dimension memory 17 are "0", there is
no vehicle on the road surfacé. The timing generating circuit
18 controls the entire timing of the interior of the signal
processing device 5. The timing involves the synchronization
signal of one dimension CCD camera 2, the conversion command
signal of the A/D converter 12, the storage of data into the

one dimension memory 17, and the notice to the computer 19.

The signal processing device 5 generates the output of vehicle



the one di nension |ight amount signal fromthe optical array sensor by

t aki hg advantage of the fact that the marking i nages on the passing vehicle
is reflected by the vehicle and not return to the optical array sensor, and
separates the passing vehicle fromthe background road surface and

di scri mi nates between them by changi ng of 1gignal into stripe pattern, so
that the passing of individual vehicle is detected. As descri bed above,
according to the present invention, by using the optical array sensor and
the intermttent markings or the optical array sensor and the marking

glrgln :lc“ ng devijeg A1 dH od4ci Ple ERELT BeeNon s BRT MY 1RGSR A" Nhe  one
dimension memory 17 changes from "0" to non-~"0". The content
of the one dimension memory 17 is successively updated on the
basis of the"’signal of the timing generating circuit 1-8. The
computer 19 controls the entire devigce and makes judgment". The
computer 19 '.checks the content of the one dimension memory 17
to see lflt is non-"0" each time the content of the one
dimen'siOn.me_mory 17 is updated, and detects the presence of
vehicle when it is non-"0%. Fig. 6 shows the waveforms of the
signals a, h( c, d, and'e.at portions in Fig. 5.
_'Nekt,; ‘the vehicle detecting procedure in the computer 19 l
will be described with reference to Figs. 7 and 8. Fig. 7
shows the content of one dimension memory 17 with time, and
Fig. 8 shows the flowchart for the vehicle detecting procedure.
As shown in Fig. 7, even , if the content of the one.
d:.mens:.on memory 17 J.S non "0" as t—l and 't=2 due to one

veh:.cle 3, when "1 reg;.on takes place at another position of

the one drmens:.on memory 17 ‘with "0* bez.ng J.nterposed as’ t= 3,

the comJ.ng f_'another veh:.cle 3A is detected. | The computer 19 |

checks the..--content of the-one d:.mens;.on m_emory 17 each time the

content t' ereof is updated. 'When it 'is found that there are
groups of "1" separated .\.nto two reg;.ons, and these two groups

. are merged -3J.nto one thereafter, the computer 19 reJudges that

th.'LS :Lnd:l.ca es one vehJ.cle.. That is to say, the Judgment ends:'

whenthe :

hJ.cle leaves, not when the content of the one '_ -



-

7 processing device, a vehicle can be detected accurately even under
speci al conditions where vehicles go side by side, a notorcycle passes
anot her vehicle in a.traffic- Jan1 or a shadow is cast on the road surface.
DE- A- 1261025 di scl oses use: a onﬁ di nensional scanner in
conbi nation with a spati al fllter in froht of the scanner. The filter
hel ps in detecting both dark and | um nescent objects passing at the side
of the filter remote fromthe scanner. 4 .BRIEF DESCRI PTION OF THE
DRAWNGS In the draw ngs, Fig; 1 is a schematic view of a vehicle detecting.
systemin . - ' : : '
~ dimension memory 17 changes from all "0" to non-"0". If
non-"0" area is changed into "0" in sequential updating and
judgment, th'e' computer 19 judées that the vehi_cle has passed'
through the dete_ction region , canceling the output signal. The
detection of the coming ef vehicle®includes the detection of
the first and second vehlcles, and the leaving of vehicle is
_also detected for each detected vehicle. Thus, the computer 19
- judges th'e' content of the one dimension ‘memory 17 while
comparing it with the content of the one dimension memory 17
- obtained in the last detection. This means judgment by
labeling each vehicle.

The output from the computer 19 is provided through an
accumulating number counter 20 of passing vehicles and an
existing number counter 21. The accumulating number counter 20
of passing vehicles counts up successively when "bn_e vehicle is
detected. Therefore, this counter 20 indicates the accumulated
number of passihg vehicles. The existing number counter 21
indicates the number of vehic]_.eé which are present in the field
of view of the CCD camera 2.. Therefore, this counter 21
displays 2 when two motorcycles go side by side.

i The processing in the aforesaid computer 19 will be
described in detail with reference to the flbwchart shown in
Fig. 8. The system being started (1), the computer waits the

entering of output signal sent from the one dimension CCD

"camera 2 (2). The output sJ.gnal, if being entered, is



accordance with a first enbodiment of the present invention, Fig. 2is a
vi ety showi ng a typical waveformof incident light, Fig. 3 Is‘a view show ng
a typical waveformof incident light, Fig. 4 is a view showing a typica
waveform of incident light, Fig. 5is a Iock di agram showi ng a typi cal
configuration of a signal processing devid Fig. 6 is a view showing
typi cal waveforns at portions of the signal processing device, Fig. 7 is a
vi ew showi ng the content of one dinension nenory, Fig. 8 is a flowhart,
showi ng an exanpl e of signal processing procedure, Fig. 9 is a schematic
view aof a vehicle detecting systemin accordance wth another enbodi nent of
the present inREAcedped by the vehicle judging circuit, and the computer
checks the data stored in the one dimension memory (3). If all
data are "0", the procedure returns to WAITING FOR CAMERA INPUT
(2), and if there is non-"0", the computer proceeds to the next
processing'(3). Here, non-"0" is stored at a position where a
vehicle enters, and "0" is stored at a position where a vehicle
does not enter.
Next, the computer detects the vehicle coming position
(4), and stores that vehicle position (5). After inputting the
number of Coming vehicles in the existing number counter (6),
the computer waits the next signal sent from the one dimension
CCD camera 2 (7). If the signal is inputted, the data in the
one dimension memory are checked (8). If all data are *"0", the
computer judges that the all existing vehicles have passed
through the detection.region, adds the number of the existing
" number counter to the acdumulating number counter of passing
vehlcles (17), clears the ex15t1ng number counter to 0 (18),
and returns to WAITING FOR CAMERA INPUT (2) '
If there lS non—"O", the data in the one dlmens10n.memory';
is collated w1th the last vehlcle position (9) _If there is a

vehicle whlch.does not overlap w1th the last-pos1tion, that is,

if the vehlcles have passed through the detection reglon,_the'

fnumber of pass1ng vehlcles lS added to the accumulatlng number

counter . of pass;ng vehlcles (12), and the number of pass1ng.;f

'vehlcles lS subtracted from the ex15t1ng number counter (13)



8 Fig.

10 is a view show ng typical construction of a-step board for

di'scrimnating vehicle type, Fig. 11 is a view showing a typical map of

cont act

information, Fig. 12 is a block diagram showing a typical

configuration of a S|gnal processing deyicce, Fig. 13 is a block
di agram showng a typical conflguratlon of a signal processing device,
corresponding to Fig. 5,

If there is merging, that is, if the vehicles'counted as
two vehicles are found to be one vehicle (10), the merged
number is' subtracted frora the existing number counter (11).
Next, the computer checks if a vehicle is'present at a new
coming position (_14); If no irehicle"' is present at a new comihg
position, the vehicle _poeitions are stored (16), .and the
procedure returns to .WAITING FOR CAMERA INPUT (7). If a -~
vehicle is present at a r_;evi coming position, the number of
newly coming vehicles is added to the existing number counter
(15), the vehicle positions are stored (16), and the procedure
returns to WAITING FOR CAMERA INPUT (7).

The size of the one dimension memory 17 is determined in
relation to the number of picture elements of the photoserisor
composing the one dimension CCD camera 2. In principle, when
a CCD camera with 1000 .p_icture elements  is used, the one
dimension memory 17 Should:have a capacity of 1000 bits. 1In

the case where the one diméns_ion Cccp cainera '2 has 1000 picture

elemente; when the road.?wr th is 5000mm,one Eicture_el'e-meﬁt'_:'
corresponds to Smm on ‘the road surface. | |

Therefore ‘ the per:n.od J.nterval of 1nterm:.ttent mark:.ngs'
6 should be larger than,.: Smm correspond:.ng_ to one _plcture
element, and be smaller t_han:'-.the width of exﬁall_vehicle such as -
a motorcYcle. In the preee"nt invention, s:.nce a vehicle J.s_
detected by the dlsturbance of perJ.od in the output s:.gnal from"

the opt:.cal array sensor, J.f a veh:.cle with a minimum width of'_-"



Fig. 14 is a viewfor illustrating the action of a signal processing

dewvi ce,

Fig. 15 is a schematic view of a vehicle detecting systemin

accordance wth a further - enbodinment of the present invention, Fig.
16 is a view showing the condition of intermttent marking i mges in the
case where a vehicle passes through, Fig.1717 is a view show ng a typica
waveform of incident |ight, Fig. 18 is "a block diagram showing a

typi cal

configuration of a signal processing device, Fig. 19 is a view

showi ng typi cal waveforns at portions of the signal processing device,

500mm is to be detected, markings having period intervals of
about 2 to 5 periods .per 500mm are needed. If the markings
have intervals of 5 periods, the period interval or the
markings 6 on the road surface is 100mm. That is to say, the
period inter'vall of the markings. 6 is larger than one picture
element of the CCD camera 2 and smaller than the minimum width
of the passing vehicle 3.

As described above, by using 'a.' one dimension CCD c'a.mera
2 and intermittent- markings 6, a vehicle can be detected
accurately'even:under special conditions where vehicles go side
by s’ide,"a motorcycle passes another vehicle in a traffic jam,
or a shadow is csst on the road surface when the wvehicle-
detecting system is applied to toll machines. using a wireless
IC card on the main lane of toll road or applied to traffic
survey.

Next, a vehicle deteeting system in. accordancel with.
another embodiment of the present invention will be described
_w:.th reference to F:Lgs. 9 to 14

" With the vehlcle detectlng system shown in Flg 9, one or
more step boards for dJ.sch.mJ.natJ.ng vehicle type 30 are
.embedded in the road surface in each field of v1ew of the one
dimension CCD camera 2 as an auxiliary_ sensor for detecting a_'
\}ehicle, in ade.t:Lon to the one' dimension' CCD camerafz-"'the
signal process:.ng dev:.ce 5, -and the :Lntermlttent mark:n.ngs 6.

~shown in FJ.g. 1-';_ 'I'he s:.gnal process:l.ng devn.ce 5 detects a



Fig. 20 is a view showi ng the content of- one di nensi on nmenory,

Fig. 21 is a

schematic view of a vehicle detecting system 9 in accordance with
anot her enbodi nent of the present invention, Fig. 22 is a block
diagram showing a typical configurati of a signal processing device,

corresponding to Fig. 18, Fig. 23 is a view show ng a conventi onal

ultrasonic type vehicle detecting system and

vehicle by using not only the signal sent from the one
dimension CCD camera 2 but also the signal sent from the step
board for.discriminating vehicle type 30.

| Fig. 10 shows the construction of the step boarf:l for
discriminating vehicle type 30.% The step board for
discriminating vehicle type 30 is used by being embedded in the
r.oad 109 as described above. Within the step board for
discriminating vehicle type, a plurality of electrically
conductive contacts 31 and 32 are arranged in the vehicle width
dlrectlon. When the tire 33 of vehJ.cle goes over this contact,
a pressure 34 is produced, so that the contact 31 is brought
into contact with the contact 32, by which a current is allowed
to flow. If tnis contact infomati.on is mapped on a memory,
map information consisting of contact information 35 to 38 and
40 and 41 as shown in Fig. 11 is obtained in relation to the
elapsed time and vehicle widtnl direction. When four pieces of
contact information of 35 to' 38 are obtained, a-.contact
' J.nformatlon group :Lnd;\.cated by reference numeral 39 :LS
. recognlzed from this arrangement, ‘80 that it can be judged that
the vehicle is a passenger car. %en two pz.eces of contact'
.information of 40 and 41 are obtalned, a contact lnformatlon
_group indicated by reference numeral 42 is recoghized from this
arrangement, so _that- it can be _judged that the .veh_J.cle_ is a
motorcycle. | | o -.

Figf 12 shows a.twpical-ccnfiguration:df,the_signal
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Fig. 24 is a view show ng a conventional optical type -.vehicle detecting
system 5. DETAILED DESCRI PTI ON OF PREFERRED EMBODI MENTS [ Firr st enbodi ment ]
A first enbodi nent of the present invention will be described below wth
reference to the drawings. Fig. 1 is a schematic view of a vehicle
detecting systemin accordance with the f1?st enbodi nent of t he present
invention. In Fig. 1, a gantry 1 is used to install equipnment 2 above a
road surface 102. The equi pnent 2 consists generally of optical equipnent
such as. an optical array sensor and a |ens. In this enbodi nent, the
equi pnment 2 consists of a one dinension CCD (Charge Coupled Device) canera
i ncor por at i nBrecese idigndeyiice 5. The device comprises a memory 43 of step

board for discriminating-vehiclé type 30, a line sensor memory
44 for one dimension CCD camera 2, a memory for resultant 45,
and a matching device 46. The more_deﬁailed cOnfigurat%pn is
as shown in Fig. 13. Comparing with' Fig. 5, the one dimension
memory 17 in Fig. 5 corresponds to the line sensor memory 44 in
~Fig. 13. . Instead, the memory for resultant 45 in Fig. 13
corresponds to the one dimension memory 17 in Fig. 5. The
function of the matching de&ice 46 is performed by a computer
19. |
The vehicle detectinj s&stem of this éﬁbﬁdiment will-be
described with-reference t6 Fig. 12. In Fig. 12, the fire of
a passing vehicle applies a pressure to the step board for
discriminating vehicle type 30, making the contdcts in the step
' ' board for discriminating vehicle type__3d - conductive.
Synthoniéing with a synchronigihg signal 47 sent from the one
dimension CCD camera 2, the.syétem transmits thé-conductive and
:non—éondﬁqtive statés_.éfniééﬁfaéts in tﬁé;i§éﬁic1e _width
directioﬁ; that is, théléontgét'information, €6 £h§_memory“43
of step bpdrd.for di#dfimiﬁéting_vehicle'ﬁype; . Then, map
information 49 as sh&wﬁ-ih’ﬁig;'i4 can be obtained in the
memory 43 of step board for di§criﬁipating vehi¢ieftYPe'as time
elapses.-+-'Refefencegibhéﬁqgtef _49A- denotééi;éontadt'{ON
information. | ' A

The;image_contou:fo:aT?ehiclé pagsing tﬁ 6pgh_;hé sﬁep o



CCD optlcal el ement . The one di mensi on OCD canera 2 i-s installed faci ng
directly bel ow for each | ane. Each one di nension CCD canera 2 provides a
field of view 2A of one dinension in the ane width direction in relation
to the road surface 102. A plurality of one di nension CCD caneras may be
10 used to provide a field of V|eM/coveHrm?Qhe wi dt h of one | ane.

Ref erence nuneral 3 denotes a passing vehicle. The output signal fromthe .
one dinmension CCD canmera 2 is transmitted to a signal processing device 5
via a cable 4, and the signal

board for discriminating vehicle type 30 is detected by using
the one dimension CCD camera 2 on the gantry 1, as with the
embodiment described earller, and is stored in the line sensor
memoxry 44. Thus, map information 50 as shown in Fig. 14 can be
obtained in the 1line sensor memdry 44 as time - elapses.
Reference character 44A denotes a non-"0" area. At this time,
a eynchronizing.eignal 47 is sent from the CCD camera 2 to the -
step'board for'discriminating vehicle type 30 as described

above to synchronize' the time of the step board for

diecriminating vehicle type 30 with the time of the CCD camera
2. '

The memory for resultant 45 stores the overlapped
contents of two memories 43 and 44. The matching device 46
recognizes, from the content of the memory for resultant 45,
that the area denoted by sl-and 52 in Fig. 14 indicates two
motorcycles, not one passenger car, and recognizes that the
area denoted by 54 lndlcates one 1arge vehlcle. Further, the
matchlng dev1ce 46 recognlzes that a vehlcle 1n the shadow of"ﬁ

- a large vehlcle, which lS not found by the one dlmenSLOn cCD
camera. 2 only as shown by the area denoted by 53 in Flg 14, ls.
a motorcycle by comparlng the content of the memory 43 of step.

board . for discriminating vehlcle type with that -of the.llne

sensor- memory 44.

When the vehlcles do not ‘move due to trafflc jam, the~f}m

memory'43 of step board for-dlscrlmlnatlng vehlcle type and the S



processi ng device 5 detects the passing vehicle 3. The signal processing
device 5 outputs a pul se signal 5A each tinme one vehicle passes through.
Intermttent nmarkings 6 are-periodic narkings having fixed intervals, which
are disposed at the part of field of view,of the one dinmension CCD canera 2
on the road surface 102. In this enbodlneﬁ reflecting paint is applied on
the road surface 102 at fixed intervals to forn1|ntern1ttent mar ki ngs 6.
Next, the function of the aforesaid intermttent marking will be descri bed
with reference to Figs, 2 to 4. Fig. 2 shows an exanpl e of -output signal
2B obtai ned when the one dinension CCD canera 2 catches the road surface.
Al t hough the &ingefensandeenaiapdddistgrenthresanashnhernantioniamly.a Fortbilsc
si gnal
g case, the memory capacity comes short, causing the overflow of
memory. -To overcome this problem, in this embodiment,_the
matching device 46 receives vehicle width information from the
memory 43 of step board for discriiminating vehicle type, and
predicts the vehicle length from the general ratio of vehicle
width to 1length. If the memory content lohger__than the
predicted vehicle length continues, the matching. device 46
generates a'deleting signal 48 to delete unnecessary menory
data in the elapsed time direction from the memories 43 and 44.
Thus, for example,_even if a passenger car stops due:to traffic
~jam, it is not mistaken for 'a trailer truck, etc. Also, if the
data entered into the memory 43 of step board for
discriminating vehicle type or the line sensor memory 44 do not
change for a certain period of time, the deleting signal 48 is
generated 1ikewise to delete the-monotonous memory data. This
eliminates the*dﬁerflow'of memory
With the vehlcle detectlng system of the above-descrlbed: .
'_embodlment, the step board for dlscrlmlnatlng vehlcle type 30 .

detects the vehlcle width and. the number of axles on the basxs_

of the vehlcle tlre, and the contact lnformatlon 'is stored in o

the mnemnory. 43 of step boarxd for dlscrlmlnatlng vehlcle type.
 On the other hand, the one dimension'CCD cameratz ‘catches the -
image of a vehlcle, and the lmage lnformatlon is- stored ln the"f.

-,llne sensor'memory 44. At thls tlme, a scannlng SLgnal is sent"



nodul ated by markings 6 can be obtained. If a vehicle-3 passes through, the
periodic signal is disturbed at the passing portion as indicated by
reference character 2Cin Fig. 3. Fromthis disturbance, the position
where the vehicle 3 passes through can b ound. For exanple, even if

two notorcycles go side by side, these can be separately detected since
two di sturbances 2C of periodic signal take place. =~ Wen there is no
passi ng vehicle on the lane directly under the one di nension CCD canera 2
and a large truck passes

from the one dimension CCD camera 2 to the step board for.,
discriminating vehicle type 30 as a synchronizing signal 47.
In the st’ep' board for discriminating vehicle type 30, the
contact information of. the step board for discriminating
vehicle type 30 is sampled. The contents of these two memories
43 and 44 _are combined by the memory for resultant 45, and the
matching device 46 detects'a vehicle bﬁr judging the type and
number of passing vehicle.s .'.._Therefore, there is no possibility
that motorcycles going side by side are mistaken for a
passenger or that a motorcycle in the shadow of a large vehicle
is mlssed . Also, by generat.tng the deleting signal 48 from the
matching device 46, -the overflow of memory caused by
unnecessary information in traffic jam can be prevented.

Thus, the use of the step board for discriminating
vehicle type 30 as an auxlliary sensor for wvehicle detection
permits accurate determi.n'ation of the type and number of
passing veh:.cles, so that non-attendant operat:.on of toll
'machJ.nes on toll roads can be greatly promoted. '.

Although the step board for dlscrlmlnatlng vehicle type-

! 30 was used as an aux111ary sensor for vehlcle detection in the
above-descrlbed embodlment, a not lllustrated loop 0011,
ultrasonic wave transmz.tter/ rece:.ver, or | m:.crowave
_transmltter/recelver may be used. . |

. (1) The loop co:.l is embedded .Ln approprlate numbers in the |

road surface under the J.nterm:n.ttent mark:.ngs 6 ln .oxrder to -



t hrough on the adjacent |ane, the shadow of the truck.is cast on the field

of- view of the one dinension CCD canera 2 depending on the direction of sun

| i ght. In this case, a waveform 2D is provided as shown in Fig. 4. At the

shadow area 2D, the offset is reduced butzshe periodi ¢ signal does not

di sappear, so that it is found that there™s no vehicle on this |ane. Thus,

vehi cl es can be accurately detected on the basis of the periodic signal by

“detecting the disturbances of the signal. Next, a specific exanple of a

signal processing device 5 will be described with reference to Fig. 5.

The signal processing device 5 conprises an anplifier 10, a band pass

: react to a vehicle. Even if the intermittent marking 6 is-

hidden by & dropped cardboard box, a person, or dirt and dust,
and the one dimension CCD camera 2 regards it as a vehicle, the
loop coil does not react to such a thing. Therefore, the loop
coil gives the signal processing Hevice 5 a discriminating
function such that a vehicle is not detected unless there is
detection output of loop coil.
(2) The ultrasonic wave transmitter/receiver is installed on,
for example. the gantry 1 so as to provide a detection area on
the intermittent markings 6 in order to detect a passing
vehicle. The ultrasonic wave transmitter/receivér detects a
person in addition to vehicles, but the presence of dirt and
dust provides the same detecting signal'as that of the road
surface. Even if the intermittent marking 6 ‘is hidden by dirt
and dust, and the one dimensibn CCD camera 2 regards it as a
vehicle, the ultrasonic wave transmitter/receiver does not -
react to such a thing.  Therefore, the ultrasonic wave
transmitter/receiver givés”thé signal processing device's'a: 
discriminating;function suéh that a vehicle is not detectedf-
unless there is.vehiéle_detection output of ultrasonic wave .
transmitter/receiver.
(3) The microwave transmittet/receiver is also installed on;:f
for example, the gantry_llsd3és to provide a detection area-onff
the intermittent markings 6 in order to detect a passinlg":ji'_:_..

vehicle. The microwave transmitter/receiver detects vehicles




filter_llnﬁ§§k4¥lsé: WehLLs" 12, a standard signal pattern menor y i33 a
col .l ating | I'narization circuit 15, a standard'register 16, a
one dinensluﬂn l a timng generating circuit 18, and a conputer 19.
The oper at nal processing dewds«e 5 will be described. First,
t he out put signal 2B sent fromthe one dinension CCD canera 2 is anplified
by the anplifier 10. Then, the anplified signal a is passed through the
band pass filter 11 to pass frequency conponents including period
conponents of marking 6 and to renove.. |owfrequency conponents due to
or other moving objects. However, the presence of a person, a
cardboard box, or dirt and dust provides the same detecting
signal as that of the road surface. Even if the intermittent
marking 6 is hidden by dirt and dust, a person, or a cardboard
box, and the one dimension CCD camera 2 regards it ‘as a
vehicle, the microwave transmitter/receiver does not react to
such a thing. Therefore, the microwave transmitter/receiver
gives the signal processing device 5 a discriminating function
such that a vehicle is not detected unless there is vehicle
detection output of microwave transmitter/receiver.
[Second Embodiment]
A second embodix'né_nt ‘of the present invention will be
described with reference to the drawings. Fig. 15 is a
schematic view of a vehicle detecting system in accordance with
the second embodiment of the present invention. In Fig. 15, a
gantry 1 is used to install equipment 2 and 210 above a road
surfai;e 102. The equipmeni: 2 consists generally of optical
equipment such as an optical array sensor and a lens. In this
embodiment, the equipment 2 c'ons'iHSt.s of a one dimension CCD
(Charge. Coupled Device) camera incorpbrating' a. one dimens_:'.'c')n
CCD optical element. The one | dimenéion; CCD camera'__ 2 is
" installed facing obliquély' below for each lane. Each one
'dime'nsibn CCD camera 2 _J'.s pfpvid_ed with a filter 207 as sh_own
in Fig. 16 to eliminate the effect of light other than laser

beam. Each one dimension CCD camera 2 provides a field of view



obt ai ned whepykB hicle on the road surface and all intermttent
markings 6 lie W\\ ‘ f view Thescapacity of the menory is one

di nensi on fielg .I'n the collating circuit 14, the road surface
signal fromth D converter 12 and a standard signal pattern ¢ fromthe
standard signal pattern menory 13 are inputted, and the period conponents
are renoved fromthe road surface signal of the A/D converter 12. "The
signal d from which period conponents are renoved is added to the

bi nari zat i or2kiekpne bimangien diddihe legeswidthedésachking ansrepdbidnvid ue
whi ch the road surface 102. A plurality of one dimension CCD cameras

12 sunshi ne and sh — Thi sd'si gnal b is digitized by the A/D converter
12. The st rd si Q&h&&ﬁern menory 13 stores a standard period pattern

may be used to provide a field of view covering the width of
one lane. Reference numeral 3 denotes a passing vehiclé:. The
output signal <£from-  the one diménéipn CCD camera 2 is
transmitted to a signai précessing device 205 via a cable 204,
and the signal procéssing' device 205 detects the passing
vehicle 3. The signal processing device 205 outputs a pulse
signal 205A each time one.vehiclé passes through.

The equipment 210 is a marking projecting device, which
faces obiiquely below so as to project intermittent marking
images 206 on the road surface 102; " The marking projecting
device 210 comprises & cylindrical lens 213 as.well as a laéer
spot light source 211 and a diffraction grating 212 in this
embodimeﬁt. The diffraction grating 212 changes the laser spot
light source 211 into intermittent _mark;ng images.'-_ The
cylihdridél léns 213 changes the intermittent marking images of
dotted line pattern iﬁté.the iﬁt§rmittent_marking-iﬁAQés 206 of
stripe'pattefn.--The widenihglbf the width bf stripe pattern
faéilitates _thé 'instailatiqn, and adjustment' of ‘the one
dimeﬁSion CCD camera 2; ‘The intermittentﬁmarking imagés.ZOG
are formed in the lane width direction.

i_The'one dimensiqn CCDLcaméra 2 and the marking ptéjeéting
device 210 are installéd'épacédiy in the;laﬁe diréction so-that

their optical axes faée'inside'with each-other;~fThe:efore,



~

constitutes one input of the binarization circuit 15. - The binarization
circuit 15 separates the signal so that, for exanple, the‘area where a
vehicle is present is level "1" and the area of road surface is |level "0".
The signal e thus binarized is stored in the one dinmension nenory 17. Thus,
when all the contents of one dinmension nenory 17 are "0", there is no
vehicle on the road surface. The timng generating circuit 18 controls the
entire timng of the interior of the signal processing device 5. The timng
i nvol ves the synchroni zation signal -of one di nmension CCD canera 2, the
conversion command signal of the A/D.converter 12, the storage of data into
t he one di ner¥dn whemrghel intgmpiteniomarking ihadesnpg@fe £ren. the anatlying
processing device 5 generates the output of vehicle :
projecting device 210 are reflected by the road surface, the
one dimension CCD camera 2 catches the intermittent marking
images 206.
Next, the function of the aforesaid intermittent marking
images 206 will be described with reference to Figs. 16 and 17.
Fig. 17 shows an example of the output signal 202B generated -
when the one dimension CCD .camera 2 catches the road surface.
As shown in Fig.l16, when a vehicle 3 passes through, the
marking images 206 at the passed position disappears from the
field of‘view of the one dimension CCD camera 2 because they
are reflected by.the vehicle 3; Therefore, the output signal
202B of the one dimension CCD camera 2 changes from Fig. 17(a)
to 17(b). Thus, the position which the vehicle 3 passes
'through is found from the position 202C where the intermittent
marking images 206 in the butput signal 202B disappear. For
example, even if two motorcycles go side by side, thesé can be
.separatély'déﬁéEted since”EﬁéfiﬁEéimittentjhaikiné'images 206
disappear at'two_positidns;:;Wﬁéhifhere is no passing vehicle o
on the lane diféctly uhder"theiéné'diﬁensidn CéD"éamera 2 and
'a large truck passes through on. the adjacent lane, the shadow - .
of the truck is cast on the‘field'of view of the one dimension
.CCD camera 2 depending on théfdi;ectibn of sun:light. _Ih this
case, the intermittent markingﬂiﬁages 206 do not disappear even

in the shaddwjarea,_so_th&tiitﬂié fbund that there is. no i,



13 detection at the stage at which the content of the one di mension nenory
17 changes from"0" to non-"0". The content of the one dinension nenory 17
i's successively updated on the basis of the signal of the timng generating
circuit 18. The conputer 19 controls the Eztlre devi ce and nakes judgnent.
The conmputer 19 checks the content of the®One di nension nenory 17 to see if
it is non-"0" each tine the .content of the one dinension nenory 17 is

updat ed, and detects the presence of vehicle when it is non-"0". Fig. 6

" shows the wavefornms of the

vehicle on this lane.

As described above, vehicles can be accurately detected
by detecting the presence of the intermiti:ent marking images
206. .

Next, a specific example of & signal processing device
205 will be described with reference to Fig. 18. The sigﬂal
processing device 205 comprises. an A/D converter 214, a *
binarization circuit 215, a vehicles detection circuit 216, a
binarization level register 217, a- bne dimension memory 218,
and a computer 19. Further, the signal processing device 205
compriSe; an accumulating number counter 220 of éassing
vehicles and an existing number counter 221 as display devices.

The operation of the signal processing device 205 will be
déécribed. First, the output signal a of the one .dimension CCD
camera 2 is converted into a digital signal by the A/D
converter 214. 1In the threshold signal b of the binarization
level register 217,:' if "1iv appears w:.th:.n a certaln perJ.od,
riofi-—"i_“, tﬂat is, l."'HO".', J.S_ _outputted wh:l.le J.f not "1" is
outputted. The vehiclesfdetectidn Cchult 216 stores the
output 51gnal ¢ in the one dlmen51on memory 218.' Fig. 19'sh6ws
the waveforms of the SLgnals a, b, and c in the sxgnal
processing dev1¢e 205 shown in Fig. 18. On the waveform of the
siénal-c of the vehicles_&etection.Citcﬁit'zls;'the position
where a vehicle 3'passes_through is'ihdicated:by non-"0", that

is, "1, and the position”where a vehicle'3 does_noE pass -



signals a, b, c, d, and e at portions in Fig. 5 Next, -the vehicle
detgcting procedure in the conputer 19 wll be described with reference to
Figs. 7 and 8. Fig. 7 shows the content of one dinension nmenory 17 with
time, and Fig. 8 shows the flowhart for t?ﬁ%vehicle det ecti ng procedure.
As shown in Fig. 7, even. if the content o he one di nmension nenory 17 is
non-"0" as t=1 and t=2 due to one vehicle 3, when "1" region takes place at
anot her position of the one dinension nenory 17 with "0" being interposed
as t=3, the com ng of another vehicle 3Ais detected. The conmputer 19

checks the content of the one dlnen5|9n menory 17 each time the content
thereof is upddtePIh WfedndicGatedobid" Phat Bh@oapardng Jdys signel with the

separated intag tmo:{e%éons gnd t hese_two groups . .
tained in the last detection with the computer 219,

the vehicle 3 is discriminated and the accumulating number of
paseing vehicles is counted. ‘Then, the accumulating number of
passing vehicles is displayed on? the accumulating number
counter 220 of passing vehicles.

The vehicle detection logic by th'e computer 219 using the
signal waveform.at point ¢ mentioned before will be described
below. Fig. 20(a) shows a truck 3 loaded with pillars on its
bed and a motorc_ycle 3a which go side by side. 1In thie figure,
the signal of one dimension CCD camera 2 is inputted eight
times. Thus, the data of the one dimension memory 218 is as
shown in Fig. 20(b). If there are two positions of non-"0",
that is, "1", the computer 219 judges that two vehicles are
passing through. “If the position of 1" overlape with the
signal of last.detection, the position is regarded as__:the same
vehicle Therefore, in the second detection, it is judged that
‘two veh:.cles are pass:.ng through ‘and the “thizd detection
lndlcates one - vehlcle 3. In the fifth detectioh;:it ishjudged
that two vehlcles 3 and 3Alare'passing through and in the
eighth detectlon,_lt is Judged that two vehlcles 3 and 3A have
passed through.

Next, the vehlcle detectlng procedure in the-computer 219

- will be descrlbed with reference to Figs. 20 and 8 . Fig. 20

shows the content of one dlmens.x.on memory 218 on. a. tJ.me ‘basis,



are nerged into one thereafter, the conputer 19 rejudges that this

i ndl.cates one vehicle. That is to say, the judgnment ends when the vehicle
| eaves, not when the content. of the one 14 di mension nenory 17 changes
fromall "0" to non-"0". If non-"0" areggis changed into "0" in
sequenti al updating and judgnment, the conputer 19 judges that the vehicle
has passed through the detection region, canceling the output signal. The
detection of the comng of vehicle includes the detection of the first and
second vehicles, and the | eaving of vehicle is

and Fig. 8 shows the flowchart for the vehicle . detecting
procedure. |
As shown in Fig. 20, even if the content of the one
dimension memory 218 is non-"0" as t¥1 due to one vehigle 3,
when "1" region takes place at another position of the one
dimension memory:218 with_FO“ being interposed as't=2, the
coming of another vehicle is detected. The computer 219 checks
the_content of the one dimension memo:y'218 each time the
content thereof is updated. When it is found that there are
groups of "1" separated into two regions, and these two groups
are meréed'_into _one thereafter as t=3, the computer 219
.rejudges‘that this indicates one vehicle 3. That is to say,
the judgment ends when the vehicle 3 leaves, not when the
content of the one dimension memory 218 changes from all "0"
to non-"0". If non-"0" area is.changed-into "0" in sequential
updating and judgment, the computer 219 ﬁudges that the vehicle
has passed through the detectlon reglon, cancellng the output
sxgnal. The detectlon of the comlng of vehlcle lncludes the
Idetectlon of the flrst and second vehlcles, and the leav1ng of
vehlcle is also detected for each of detected vehlcles 3 and
3A. Thus, the computer 219 Judges.the content of the one
dimension memory 218 whlle comparlng 1t.w1th the content of the
one dlmen51on memory 218 obtalned in the last detectlon._ Thle
means judgment by labellng each vehlcle... |

The output from the computer 219 is prov1ded through an



al so detected for each detected vehicle. Thus, the conputer 19 judges the
content of the one dinension nenory 17 while conparing it With the content
of the one di mension nenory. 17 obtained in the |ast detection. Thi s means
j udgnment by | abeling each vehicle. The o %put fromthe conputer 19 is

provi ded t hrough an accumul ati ng nunber g%unter 20 of passing vehicles and
an exi sting nunber counter 21. The accumul ating number counter 20 of
passi ng vehi cl es counts up successively when one vehicle is detected.
Therefore, this counter. 20 indicates the accunul ated nunber of passing

ehnCles, RS PHIBBL OIS 2L UG e WIREL 8 ! Shes

this counter x%.:lsting number counter 221. The accumulating number counter
220 of passing vehicles counts up successivelY'when one vehicle
is detected. Therefore, thls_' counter 220 lndicates the
accumulated number of passing vehicles. The existing aner
counter 221 indicates the number of vehicles which are present
in the field of view of the. CCD camera 2. ‘l‘herefore, this
counter.2-21 displays 2 when two motorcycles go side by side.

The processiné in the aforesaid computer 219 is the same
as described in the above-described first embodiment with
reference to the flowchart'shomn in Fig. 8} therefore, its
description is omitted'here.

The size of the one dimension memory 218 is determined in
relation to the number of picture elements of the photosensor
composing the one dimension CCD camera 2. In principle r when
a CCD camera with‘looo_pictnre elements is used, the one.
dimension memorir 218 should ha've a capacity of- 1000 bits. In
the case where the one dlmenSLOn CCD camera 2 has 1000 picture
elements, when the road w1dth lS 5000mm, one plcture element
corresponds to ‘Smm on the road surface. _ |

Therefore, ‘the perlod-lnterval of intermittent marking
images 206 should be larger than Smm correspondlng to one

| _picture element, and be smaller than the width of small vehlcle
'such as a motorcycle. In the present lnventx.on, since a

_vehlcle is - detected by the presence of perlod smgnal in the



diépléys 2 when two nDtofcycIes go side by side. The procéssrng I n fhe
aforesaid conputer 19 wil-l be described in detail with reference to the
flomchart shown in Fig. 8 The systembeing started (1), the conputer waits
the entering of output signal sent fron1tﬁg one di mension CCD canera 2
(2). The out put signal, if being entered, is 15 processed by the
vehicle judging circuit, and the conputer checks the data stored in the one
di mension menory (3). If all data are "0", the procedure returns to WAI TI NG
FOR CAMERA | NPUT _ -
~ output signal from the bpfical array.senéor, if a wvehicle wiﬁh
a minimum width of 500mm is to be detected, marking images
.having period intervals of about 2 to 5 period§ per 500mm éré
needed. If the marking images 206 ha&e intervals of 5 periods,
the period interval of the markiny images 206 on the road
surface is lOOmm; That is to say, the period interval of the
ma;king imagés 206”is larger:thén one picturé element of the
CCD camera 2 and smaller than the minimum width of the passing
vehicle 3.
As described above, by usirng a.one dimension CCD camera
2 and marking projecting device 210, a vehicle can be detected
accurately:even under special conditions where vehiclgs go side
by side, a motorcycle passes another vehicle in a traffic jam,
or a shadow is cast on the road surface when the vehicle
detecting system is apﬁlied_to tbll machines using a wireless
IC card on the main lane of toll road or applied to traﬁfic
survey.
Next, a 'vehic_zle detectiﬂg sy'st'em in accordance with
another émbodiment'of'the present invention.ﬁill be described
with reﬁerencé to Figs. 21, 10 to 12, 52, and 14.
i With the vehiéie detecting system shown in Fig. 21, one
or more step board for'discriminating vehiéle type 30 aré
embedded in the road surface in tﬁe field of view of the one

dimension CCD camera 2 as an auxiliary sensor for detecting a

vehicle, in addition to the one dimension CCD camera 2, the



(2), and if there is non-"0", the conputer proceeds to the next processing
(3). Here, non-"0" is stored at a position where a vehicl'e enters, and
“0" is stored at a position-where a vehicle does not enter. Next, the
conputer detects the vehicle com ng posigpon (4), and stores that vehicle
position (5). After inputting the nunber of com ng vehicles in the existing
nunber counter (6), the conputer waits the next si.gnal sent fromthe one

di mrension CCD canera 2 (7). If the signal -is inputted, the data in the one
di mensi on nenory are checked (8) If all data are "0", the conputer Judges

s the nunbarar oD davfednes shd R Hhind SHECHANA A

counter of P339 BHown in Fig. 15. The signal processing device 205 detects
a vehicle by using not only-the-signai sent from the one
dimension CCD camera 2 but also the signal sent from the step
board for discriminating vehicle type 30. |
The construction of the step board for discriminating
vehicle type 30 is the same as described in the above_-described N
first embodimen_t ‘'with reference to Fig. 10; therefore, its
description is omitted here. |
Fig. .12 s_n'o_ws- a typical cOnfi_g"uration of th_e_ 'signal
processing deéicefzost The devicedZOS'comprises e_memory 43 of
step board for discriminating vehicle type 30, a .line. sensor
memory 44 for one dimension CCD camera 2, a memory for
resultant 45, and .a matching device 46. The more deteiled
configuration is ‘as shown in Fig. 22. Compering with Fig. 18,
the one dimension memory 218 in Flg 18 corresponds to the line
. 8ensor memory 44 J.n F:Lg 22. Instead, the memoxy for resultant
" 45 in Fig. 22 corresponds to the one d:.mens:.on memory 218 in
~Flg. 18. - The functlon of the matchlng devxce 46 ls performed
by a computer 219 _ o |
 The vehlcle detectlng system of this embodlment is the
same as descrlbed ln the above-descrlbed flrst embodiment w1th :
reference to Flg. 12 _
. Although the step board for dlscrlmlnatlng vehlcle type -

30 was used as an. aux.LlJ.ary sensor for veh:.cle detect:.on in the



vehlcles (17), clears the existing nunber ‘counter to-0 (18), and returns to
WAl TI NG FOR CAMVERA | NPUT (2). If there is hon-"0", the data in the one

di mrension nenory is collated with the | ast vehicl e position (9). If there
is a vehicle which does not overlap with 8fe last position, that is, if the
vehi cl es have passed through the detection region, the nunber of passing
vehicles is added to the accunul ati ng nunber counter of passing vehicles

(12),

and the nunber of passing vehicles is subtracted fromthe existing

nunber counter (13). 16

above-described embodiment, .a not illustrated - loop coil,
ultrasonic wave transmitter/receiver, or microwave
transmitter/receiver may be used.

(1) The loop coil is embedded in appropriate numbers i:n the

road surface on which intermittemt marking images 206 are

projected in order to react to a vehicle. Even 1if the

intermittent marking image 206 is hidden by the reflection due
to a dropped cardboard box, a person, or dirt and dust, and the
one'dimension CCD camera 2 regards it as aIVehicle, the loop
coil does not react to such a thing. Therefore', the loop coil

gives the signal processing device 205 a discriminating

- function such that a wvehicle is not detected unless there is

detection output of loop coil.

(2) The ultras'onic wave transmitter/receiver ie installed on,
for example. the gantry 1 so as to provide a detection area on
the intermittent marking images 206 in _ord_er to detect a
passing vehiclev The ultraeoaic wave'transhitter/receiver_
detects a person in addltlon to ‘vehicles, but the presence of

dirt and dust prov;des the same detectlng s;gnal as that of the_;

"~ road surface.' Even if the 1nterm1ttent marklng image 206 is

hidden bj the”reflection due to dirt and dust, and the one
dimension CCD camera 2 regards lt as a veh;cle, the ultrasonic
wave transmltter/recelver does not react “to such a thJ.ng
Therefore, the ultrasonlc wave transmltter/recelver glves the

signal process;ng dev;ce 205 a dlscrlmlnatlng functlon such_



| f ;here'is merging, that is, if the vehicles counted as two vehicles are
found to be one vehicle (10), the nmerged nunber is subtracted fromthe
exi sting nunmber counter (11).. Next, the conputer checks if a vehicle is

present at a new comng position (14). If vehicle is present at a new
com ng position, the vehicle positions are Stored (16), and the procedure
returns to WAI TING FOR CAMERA | NPUT (7). If a vehicle is present at a new

com ng position, the nunber of newy coming vehicles is added to the
exi sting nunmber counter (15), the vehicle positions are stored (16), and
t he procedure Leturns to WAI TING FOR CAVERA | NPUT (7). Thé size of the one

di nensi on nmenb

§t172i vehtel®di dedl et eHgtestedo whkesmnidrens . i<t webicle

el enment s of tggtghgtosensor

ion output of ultrasonlc wave transmitter/receiver.
(3) The microwave transmitter/receiver is also installed. on,
for example, the gantry 1 so as to provide a detection area on
the intermittent marking images 206 in. ordex to detect a
passing vehicle. The ﬁicroWave transmitter/receiver detects
vehicles or other moving objeets. However, the presence of a
person, a cardboard box, or dirt and dust provides the same
detecting signal as that of the road surface. . Even if the’
intermittent marking image 206 is hidden by the reflection due
to dirt and dust, a person,.er'a cardboard bo%, and the one
dimension CCD camera 2 regards it as a vehicle, tﬁe microwave
transmitter/receiver does nbt. react to such a thing.
Therefore, the microwave transmitter/receiver gives the signal
processing device 205 a disériminating-functidn such that a
vehicle is not detected unless there is veh:.cle detection

output of microwave transmltter/recelver.




conposi he one di mensi on CCD camera 2. In princi ple, when a CCD canera
with 10 ts is used, the one di nension neno WMB
a capacgﬁm ﬁm%ﬂj . In the case where the one di mens”m ﬁm
has 1000 ts when the road width is 5000nm of#e picture s *
el ement corresponds to 5mmon the road su??ace. Therefore, the period
interval of intermttent markings 6 should be larger than 5mm correspondi ng
to one picture element, and be dmaller than the width of snmall vehicle such
as a nutorcycle I'n the present invention, since a vehicle is detected by
t he di sturbag ﬁ@‘I riod in the output signal fromthe optical array
sensor, velr ith a mni num w dth of

(1) A vehicle detecting system comprising, an optical
array sensor which is disposed above a road surface to receive
one dimension light amount signal in the lane width direction
from the road surface; optical equipment, such as a iens,.which
is mountéd'to said optical array sensor; intermittent markings
which are dlsposed at fixed lntervals on the road surface in .
.the one dlmens10n fleld of view of said optical array sensor;
and a signal proce551ng_dev1ce which detects vehicles passing
throudh on said road surface by processing the output signa;
sent from said optical.array sensor.

(2) A vehicle detecting system according to claim 1
wherein the intermittent period interval of said intermittent
markings is longer than the on-road period interval of the
picture_elements of said optical array sensor, and shorter_than
the minimum width of the vehicle to be detected.

"(3) A vehiole detecting'system”aCCording to olaim 1
wherein said;vehiC1e deteCting:SYStem furthér’includesrat’least
one sensor out of a step board whlch 1s embedded in the road
-surface and has a contact operated by a wheel of vehlcle, a
- loop coil Wthh is embedded in- the road surface, an ultrasonlc
wave transm:.tter/ rece:.ver which is mounted above the road
surface, and a mlcrowave transmltter/recelver which is’ mounted
above the road surface, so that said s1gna1 processxng dev1ce

detects vehlcles from the output signal of said sensor and the



17 566mm-ms H celER, Bt d, markings having period |nterva
5 per | odsl Wﬁg cae_eded | f the markings have inter myﬂoﬂ “m””,,l
peri ods, erval: of the markings 6 on the road surfe

100mm That is to Wthe period intervahcof the markings 6 is Iarger hah
one picture elenent of the CCD canmera 2 ang smal l er than the m ni mrum w dt h
of the passing vehicle 3. -As described above, by using a one di nensi on CCD
canera 2 and intermttent nmarkings 6, a vehicle can be detected accurately
even under special conditions where vehicles go side :

output signal of said optical array sensor.

(4) A vehicle detecting system according to claim 1
wherein said signal processing device detects vehicles passing
through on said road surface by'comparing a standard signal
pattern from said optical array §ehsor which is -mod{'llated
intermittently by said markihgs in the case whefe no vehicle is

. present with the output signal pattern in the case where a .
vehicle passes through.

(5) A vehicle detecting syétem'compfising;_é marking
projecting'device which includes a lasexr light éou:ce'and a
diffraction grating mounted above a ioad'surface'in order to
project stripe;pattérn intermittent marking images iﬁ the lané
width direction onto the road surface; an optical array sensor
which is mounted above the road sﬁrface so as to have ‘an
optical axis in nonparallel with the optical axis of said

‘marking projecting device, and receives a one dimensién light
amount signél of.éaid intermittent marking imageé in the lane
width direction from the road surfaCe{tOptical equipment, such
as a lens, whicH is:mounted-£o said optiéal array.séﬁsor; and
‘a signal prot:essing device which dief;ects”vehi.éles passing
through on said ﬁpad surface by procéssing.the output signall

-sent from said optical array sensor.
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by side, a motorcycle passes another vehicle in a traffic jam or_a shadow
is tcast on the road surface when the vehicle detecting systHH'“H" mlluml'““l
toll machines using a wireless IC card on the main | ane of | wore Wi
applied to traffic survey. Next., a vehicle detecting systemin accordance
wi th anot her enbodi ment of the present inveption will be described with
reference to Figs. 9 to 14. Wth the vehicle detecting systemshown in Fig.
9, one or nore step boards for discrimnating vehicle type 30 are
enmbedded in the road surface in each field of view of. the one di nensi on CCD

canera 2 as an auxiljpary sensor . for,detecting a vehicle, ip addition to the
one di nmensi on CCD Céﬁzrézveﬁﬁgle deq:ectitng gsystem accorcp.l.ng- to claim 5

wherein the intermittent period interval of said intermittent

o

marking images is longer than the on-road period interval of
the picture elements of said optical array .sensor, and shorter
than the minimum width of the vehicle to be detected. 7

(7) A vehicle detecting 'syst_em according to claim 5
wherein said vehicle detecting system further includes at least ..
one sensor out of a step 'bpard which is- embedded in the road
‘surface and has a contact.operated by. a tire of Vehicle, a loop
coil_whicil is embedded in the road surfac.e . an ultrasonic wave
transmitter/receiver which is mounted above the road surface,
and a microwave transmitter/receiver which ié moun:te_d above the
road surface, and said signal processing device ‘Idetects
vehicles from the output signal of said sensor and the output

- signal of said optical array sensor.

(8) A vehic_le detecting system according to claim 5
wherein said sidnél pro'cessing device detects vehicles paésing
through on said 'rba'c_i_ surfaée" bY‘_prbcé'é'sing the"‘c'ha"nd'e_ of output
signal" pat_tern _. of passing.' 'veh_ié_le out 'of_. the .g.dtpﬁt.'sigﬁal
patte::nsf from said optical array senédr which a._:fe .ﬁodulated :
intennit_tént]_.y_ by said marking ' image when  no vehicle is

present.




si gnal proce55|ng device 5, and the internmttent markings 6. shown in Fig.

1., The si I8 vehiele_hy using not only the signal sent fromthe one

di mensi on @EDsﬁQ ut also the signal sent fromthe step board for
dISCFIﬁ1natI d430. Fig. 10 sggms the construction of the step
board for di vehicle type % The step board for
dlscr|n1nat| e 30 is used by being enbedded in the road 109 as

descri bed above VVthln the step -board for

7.  ABSTRACT

VEHICLE DETECTING SYSTEM

The obﬁect of the present invention is to accurately
detect vehicles even uﬁder special conditions where vehicles go
side by side, é motorcycle passés another vehicle in a traffic .
jam, or a shadow is cast on the road surface.

The vehicle detecting system comprisés a one dimension
CCD camera 2 mounted above a road surface sb as to provide'one
dimension light amount,signgl in the lane width direction from
above the road surface and intermittent markings 6 disposed in
the field of view of the one dimension CCD camera. lWhen a
vehicie 3 enters the field of view of the one dimension CCD
camera 2, the modulation of one dimension light amount signal
is disturbed. Therefqre, a signal proceséing device 5 detects
the vehicle on the Dbasis of the outpﬁt signal of the one
dimension CCDf-caﬁera;'2 by checking the  disturbancé of

modulation.



discrimnating vehicle type, a plurality of electrically conductive
contacts 31 and 32 are arranged in the vehicle width direction. Wen the
tire 33 of vehicle goes over this contact, a pressure 34 is produced, so
that the contact 31 is brought into contact wwth the contact 32, by which a
current is allowed to flow If this contactiyaffornation is napped on a
menory, map information consisting of contact information 35 to 38 and 40
and 41 as shown in Fig. 11 is obtained in relation to the el apsed tine and
vehicle width direction.. Wen four pieces of contact information of 35 to
38 are obtained, a contact information group indicated by reference
nuneral 39 is recognized fromthis arrangenment, -so that it can be

judged that the vehicle is a passenger car. Wen two pieces of .contact
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informati on of 40 and 41 are obtained, a contact information group

i ntdicated by reference nuneral 42 is recognized fromthis arrangenment, so
that it can be judged that the vehicle is a notorcycle. Fig. 12 shows a
typi cal configuration of the signal 19 processing device 5. The device
conprises a nenory 43 of step board for diggpim nating vehicle type 30, a
| ine sensor nenory 44 for one dinension CCD canera 2, a nenory for
resultant 45, and a matching device 46. The nore detailed configuration is

POSITION ON
ONE DIMENSION

FIG. 2

QUANTITY LEVEL
OF LIGHT



as shown in Fig. 13. Conparing with Fig. 5, the one dinension nmenory 17 in
Frg. 5 corresponds to the line sensor nenory 44 in Fig. 13. | nstead, the
menory for resultant 45 in Fig. 13 corresponds to the one di nension nenory
17 in Fig. 5. The function of the matching device 46 is perforned by a
conputer 19. The vehicle detecting systemggf7this enbodi nent will be
described with reference to Fig. 12. In Fig. 12, the tire of a passing
vehicle applies a pressure to the step board for discrimnating vehicle
type 30, making the contacts in the step board for discrimnating

vehicle type 30 conductive. Synchronizing with a syng&ronizing si gnal 47
sent fromthe one dinension CCD canmera 2, the systemtrgf§snts the -
conductive and = o _ =
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non-conductive states of <contacts in the vehicle wdth direction,
that is, the contact information, to the nenory 43 of step board for

di scrim nating vehicle type. Then, map information 49 as shown in Fig. 14
can be obtained in the nenory 43 of step board for discrimnating vehicle
type as tine el apses. Reference charaglygh 49A denotes contact ON
information. The image contour of a vehicle passing through the step 20
board for discrimnating vehicle type 30 is detected by using
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the one di nension CCD canera 2 on the gantry 1, as with the enbodi nent
described earlier, and is stored in the |ine sensor nenory 44. Thus, map

i nformation 50 as shown in Fig. 14 can be obtained in the |line sensor
menory 44 as tinme el apses. Reference character 44A denotes a non-"0" area.
At this tinme, a synchronizing signal 47 isggept fromthe CCD canera 2 to

the step board for discrimnating vehicle type 30 as descri above to
synchroni ze the tinme of the step board for discrimnating \ cle type 30
with the tine of the CCD canera 2. The nenory for resultant stores the
over |l apped contents of two nenories 43 and 44. The matchipg—qevi ce 46
recogni zes, fromthe content of the nenory for resultant 4-;;
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that th l and 52 in Fig. 14 indicates two notorcycles,
not- one RS SREGRE RGARepi@R recogni zes that the area denoted by 54 indicates
one 1 arge ' her, the matching device 46 recognizes that a
vehicl e irlm HH”E Iﬂ a large vehicle, which is not found by the one

di mensi on nly as shown by thgl??ea denoted by 53 in Fig. 14,
Is a notorcycle by conparing the content o e nenory 43 of step board for
discrimnating vehicle type with that of the |line sensor nenory 44. Wen

t he vehicles do not nove due to traffic jam the nmenory 43 of step board
for discrimnating vehicle type and the
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- ’_// .
21 |ine sensor neno 44 store the sane information only. In this case, the

menory Chpabeet laged - ¢ causi ng the overfl ow of nenory. To overcone
this prob nbodlnent, the matchi ng device 46 receives vehicle
wi dt h inf he menmory 43 of step board for discrimnating

vehicle type, and predicts the vehicle | epggth fromthe general ratio of
vehicle width to | ength. If the menory content |onger than the predicted
vehicle |l ength continues, the matching device 46 generates a del eting
signal 48 to delete unnecessary menory data in the el apsed tinme direction

fromthe ne an us, for exanple, even if a passenger car
stops due to ra f| (]
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j am 'tTM§$Q8E1 st k n for a traller truck, etc. Also I f the data entered

I nto the ?bp board for dlscr|n1nat|ng vehicle type or the
l'ine sen o not change for a certain period of tine, the
deleting enerated li kewi se to del ete the nmonotonous menory

data. This eI|n1nates t he overfl ow of nenDr% WNth the vehicle detecting
system of the above-descri bed enbodi nent e step board for discrimnating
vehicl e type 30 detects the vehicle width and the nunber of axles on-the
basis of the vehicle tire, "and the contact information is stored in the
menory. 43 of step board for discriminating vehicle type. On the other

hand, the one di nension.CCD canera 2 catches the inmage of a vehicle, and

t he inage information is stored in the
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line séﬁgarn_7ﬁﬁ1775T_7& this time, a scanning signal is sent 22 from

t he: onr Hes Been edanera 2 to the step board for discrininating vehicle
type 30 EB |zing signal 47. In the step board for dlscr|n1nat|ng
vehi cl e contact i nformation of the step board for
dlscr|n1nat|ng vehlc e, type 30 is sanpled.9fp® contents of these two
menories 43 and 44 are conbined by the nenory for resultant 45, and the

mat chi ng device 46 detects a vehicle by judging the type and nunber of
passi ng vehicles.. Therefore, there is no possibility
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t hat nD 0|ng side by side are mstaken for a passenger or that
a nntdhﬁs&* 'E t he shadow of a large vehicle is mssed. Al so, by
generat lmag signal 48 fromthe matching device 46, the
overfl éﬁi caused by unnecessary information in traffic jam can
be prev he use-of the step baayad7f or discrimnating vehicle
type 30 as an auxiliary sensor for vehicle detection permts accurate
determ nation of the type and nunber of passing vehicles, so that
non- att endant operation of toll machines on toll roads can be greatly

pronot ed. Al though the step board _for discrimnating vehicle type 30 was
used as an auxiliary sensor f vehi cl. dbte:tiap-in l ke above-descri bed
enbodi ment, a not illustrat | dp Egoi SR ETR TR ] 1A
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ul trasonic wav e transnittef/receiver, or m cr owave

transmTﬂxsﬁShédtﬂﬁsEBerﬁk meed be used. (1) The loop coil is enbedded in

appropri the road surface under the intermttent markings 6-
in orderI to a vehicl e. Even if the intermttent marking 6
I s hidde roppe cardboard box, a peLrL£2%, or dirt and dust, and the

one dinen5|on CCD canera 2 regards it as a vehicle, the | oop coil does not

react to such a thing. Therefore, the loop coil gives the signal processing
device 5 a discrimnating :
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function such that a vehicle is not detected unless there is detection
output of loop coil. (2) The ultrasonic wave transmtter/receiver is
installed on, for exanple. the gantry 1 so as to provide a detection area
on the intermttent markings 6 i'n order to detect a passing vehicle. The
ultrasonic wave transmtter/receiver deteciz/Z7F person in addition to
vehicles, but the presence of dirt and dust provides the sane detecting
signal as that of the road surface. Even if the intermttent marking 6 is
hi dden by dirt and dust, and the one dinmension CCD canera 2 regards it as

a vehicle, the ultrasonic wave transmtter/receiver does not react to such
a thing. Therefore, the ultrasonic wave transmtter/receiver gives the

signal processing device 5 a
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di scrim nating function such that a vehicle is not detected unless there is
vehi cl e detection output of ultrasonic wave transmtter/receiver. (3) The
m crowave transmtter/receiver is also installed on, for exanple, the
gantry 1 so as to provide a detection area on the intermttent markings. 6
in order to detect a passing vehicle. Th§32?9romave transmtter/receiver
detects vehicles 24 or other noving objects. However, the presence of a
person, ‘a cardboard box, or dirt and dust provides the same detecting
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signal as that of the road surface. Even if the intermttent marking 6 is
hi aden by dirt and dust, a person, or a cardboard box, and the one

di mensi on CCD canera 2 regards it as a vehicle, the mcrowave
transmtter/receiver does not react to such a thing. Therefore, the

m crowave transmtter/receiver gives the-iiggzl processing, device 5 a

di scrimnating function such that a vehic é not detected unless there is
vehicl e detection output of mcrowave transnmitter/receiver. [Second

Enbodi nent] A further enbodi nent of the present invention will be described
with reference to the draw ngs. Fig. 15 is a schematic view of a vehicle
detecting systemin accordance with the second enbodi nent of the present

invention. In Fig. 15, a _
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gantry 1 is used to install equipnent 2 and 210 above a road surface 102.
The- equi pnment 2 consists generally of optical equipnment such as an optical
array sensor and a lens. In this enbodinent, the equi pnent 2 consists of a
one di mensi on CCD (Charge. Coupl ed Device) canera incorporating a one

di mensi on CCD optical elenent. The one disga%ion CCD canera 2 isS
installed facing obliquely bel ow for each | ane. Each one di nensi on CCD
canera 2 is provided with a filter 207 as shown in Fig. 16 to elimnate the
effect of light other than | aser bedﬁ1 Each one dinmension CCD canera 2

provides a field of V|em1_ 0_
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25 2A of one dinension in the lane width direction in relation to the road
sur.face 102. A plurality of one dinension CCD caneras may. be used to
provide a field of view covering the width of one | ane. Reference nuneral 3
denotes a passing vehicle. The output signal from the one dinension
CCD canera 2 is transmtted to a signaligfaressin evice 205 via a

cabl e 204, and the signal processing device 205 dete t he passing vehicle
3. The signal processing device 205 outputs a pul se gfgnal 205A each tine
one vehi cl e passes through. The equi prment 210 is a npNKi ng proj ecting
devi ce, which faces obliquely below so as to project ermttent marking
I mges 206 on the road surface 102. The marki ng proJg§cting
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device 210 conprises a cylindrical lens 213 as well as.a |aser spot |ight
source 211 and a diffraction grating 212 in this enbodi nent.- The
diffraction grating 212 changes the | aser spot light source 211 into
intermttent marking inmages. The cylindrical |ens 213 changes the
intermttent marking i mages of dotted Iinﬁxgg tern into the intermttent
mar ki ng i nages 206 of stripe pattern. The W dening of the width of stripe
pattern facilitates the installation and adjustnent of the one dinension
CCD canera 2. The intermttent marking i nages 206 are fornmed in the | ane
wi dth direction. The one di mension CCD canera 2 and the marking projecting
device 210 are installed spacedly in the lane direction so that their

optical planes intersect. at the roa?:'s1rffgf. Itqperefore,
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26 only when the intermttent marking i mages 206 fromthe marking
projecting device 210 are reflected by the road surface, the one dinension
CCD canera 2 catches the intermttent marking i mages 206. Next, the
function of the aforesaid intermttent marking i mages 206 will. be descri bed
with reference to Figs. 16 and 17. Fig. 1 sggms an exanpl e of the output

si gnal 202B-generated when the one dinensigﬁ“ CCD canmera 2 catches the road
surface. As shown in Fig.16, when a vehicle 3 passes through, the
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narklndﬁ?ﬁi}i??ﬂﬂ??ﬁ“Tﬁe—passed position disappears fromthe field of view

S ehiéasslearke mera 2 because they are reflected by the vehicle
3 Theref t S|gnal 202B of the one di nension CCD canera 2
changes f to 17(b). Thus, the position which the vehicle 3
passes through 'S fron1the position 202C where the intermttent
mar ki ng i nages 206 |n the output signal 2 | sappear. For exanple, even

if two notorcycles go side by side, these can be separately detected since
the intermttent marking i mages 206 di sappear at two positions. Wen there
I's no passing vehicle on the |ane directly under the one di mensi on CCD

canera 2 and arge ruc es { hrough on the adjacent |ane, the shadow
of the truck i G eééa f view of the one di nension
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CCD canahs skeeRBasliRAg, Q) the direction of sun light. In this case, the
intermtt ' gpages 206 do not di sappear even in the shadow area,
so that ﬁmmmm(mgﬂ that there is no .27 vehicle on this lane. As
descri be , es can be accurately detected by detecting the
presence of the intermttent marking i magege2@6. Next, a specific exanple
of a signal processing device 205 wll be described with reference to Fig.
18. The si gnal ' ' :
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processi ng device 205 conprises an A/ D converter 214, a binarization
circuit 215, a vehicles detection circuit 216, a binarization |evel

regi ster 217, a one dinension nenory 218, and a conputer 19. Further, the
si gnal processing device 205 conprises an accunul ati ng nunber counter 220
of passing vehicles and an existing nunbepjg@gnter 221 as display devices.
The operation of the signal processing device 205 will be described. First,
t he output signal a of the one dinension CCD canera 2 is converted into a
digital signal by the A/ID converter 214. In the threshold signal b of the

bi nari zation level register 217, if "1" appeas=Wi tgs-a—centai n period, .
non-"1", that is, "0", is outputted, 'Ieﬂif rot, "{ﬁ i's quiQutted. The
vehi cl es detection circuit 216 stores m OF gﬂ _
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out put’signal cTnthe—one—di nension nmenory 218. Fig. 19 shows the
wavef or meTh@fshdeli@as Be@iRbigceg@: P, and c in the signal processing device 205

shown in F e waveform of the signal c¢ of the vehicles

det ecti on Hwﬂﬂm"w ‘lhe position where a vehicle 3 passes through is

I ndi cat ed s, "1", and thEp@eition where a vehicle 3 does
not pass 28 through IS |nd| cated by "0". By conparing this signal with
the signal obtained in the | ast detection with the conput er 219, the
vehicle 3 is discrimnated and the accunul ati ng nunber of

PASSING VEHICLE

202C POSITION OF A

F1G. 19(q)
F1G. 19(b)
F1G. 19(c)



paSS|ng v $amx d Then, the accumul ating nunber of passing
vehi cl es the accunulatlng nunber counter 220 of passing
vehi cl es. etection |l ogic by the conmputer 219 using the signa
maveforn1at poi nt c tioned before will be described below. Fig. 20(a)
shows a truck 3 loaded with pillars on it and a notorcycle 3a which go
side by side In this figure, the signal of ‘one dinension CCD canera 2 is
i nputted eight times. Thus, the data of the one dinension nmenory 218 is as
shown in Fig. 20(b). If there are two positions of non-"0", that is, "1"

the conputer 219 judges that two vehicles are passing through. -If the
position of "1" overlaps with the signal of |ast detection, the position is
regarded as th :
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vehicle. Therefore, in the second detection, it is judged that two vehicles
are passing through, and the third detection indicates one vehicle 3. In
the fifth detection, it is judged that two vehicles 3 and 3A are passing

t hrough, and in the eighth detection , it is judged that two vehicles 3 and
3A have passed through. Next, the vehicl e2d¢R®cting procedure in the
conputer 219 will be described with reference to Figs. 20 and 8. Fig. 20

shows the content of one di nension nehory 218 on a tinme basis, 29
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and Fig. 8 shows the flowhart for the vehicle detecting procedure. As
shoewn in Fig. 20, even if the content of the one dinension nenory 218 is
non-"0" as t=1 due to one vehicle 3, when "1" region takes place at another
position of the one dinmension nenory 218 wi-th "0" being interposed as t=2,
the com ng of another vehicle is detected257B& conputer 219 checks the
content of the one di mension nenory 218 each tine the content thereof is
updated. When it is found that there are groups of 11111 separated into two
regions, and these two groups are nerged into one thereafter as t=3, the
conputer 219 rejudges that ‘thisdd-adicat es.ane vehicle . 3. That is to say,

t'he judgnent ‘ends mhen t he %gTicﬁf 3 eave%ﬁ not w%;g t he
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conteént of the one dimension nenory 218 changes fromall "0" to non-"QO".

| f ‘ncmnsSIheetHﬁseRenEe bsanged into "0" in sequential updating and judgnent,
thé co es that the vehicle has passed through the detection
regi on out put signal. The detection of the com ng of

vehicl e |nc u e det ection of the firg,8nd second vehicles, and the

| eavi ng of veh| cI e is also detected for each of detected vehicles 3 and 3A
Thus, the conputer 219 judges the content of the one dinmension nenory 218

while conparing it with the content of the one dinension nmenory 218
obtained in th

ast tec Thiys nmeans judgnent by | abeling each
vehicle. The o u'fl f %r&@ 219 is provided through an
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30 accunulatlng nunber c eW&%E 220 of passing vehicles and an exi sting

nunber counté‘ihls nulatlng nunber counter 220 of 'passi ng vehicles
counts- up succ HH one vehi'cl e is detected. Therefore, this
counter 220 accumnul at ed nunber of passing vehicles. The

exi sting nunber counter 221 i ndi cat es t hgypggeber of vehicles which are
present in the field of view of the CCD canera 2. Therefore, this counter
221 di splays 2 when two notorcycles go side by side. The processing in the
af oresai d conputer 219 is the sane as described in the above-descri bed
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ref erence'.

to the flowchart shomn |n Fig. 8 therefore, its descriptionis
om tted. hefe

The size of “the one dinension nenory 218 is determned in

relati®h to the nunber of picture elenents of the photosensor conposing the
one di nensi on CCD canera 2. In principle, whgn a CCD canera w th 1000
picture elenents is used, the one. dinension nenory 218 shoul d have a
capacity of 1000 bits. In the case-where the one dinension CCD canera 2
has 1000 picture elenents, when the road width is 5000nm one picture

el ement corresponds to 5nmon the road surface. Therefore, the period

i nt erval

of

intermttent marki-ng i mages 206 shoul d be- | arger than 5nm

corresponding to one picture elenment, and be smaller than the w dth of
smat | vehicle 7. ABSTRACT ‘

VEHICLE DETECTING SYSTEM

The object of the present invention is to accurately

detect vehicles even under special conditions where vehicles go

side by side, a motorcycle passes another vehicle in a traffic .

jam, or a shadow is cast on the road surface.

The vehicle detecting system comprises a one dimension
CCD camera 2 mounted above a road surface so as to provide one
dimension light amount signal in the lane width'direction from
above the road surface and intermittent markings 6 disposed in
the field of view of the one dimension CCD camera. ~When a
vehlcle 3 enters the fleld of view of the one dimension CCD
camera 2, the modulation of one dimension light amount signal
is disﬁurbed~ Therefore, a signal.processing device 5 detects
the vehicle on the basis of the output signal of the one
dimension CCD camera 2 by checking the disturbance of

modulation.

[Selected Drawing J: Fig. 1
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such as a notorcycle. In the present invention, since a vehicle is
detected by the presence of period signal in the 31 out put signal from-
the optical array sensor, if a vehicle with a mninumw dth of 500mmis to
be detected, marking i mages having period intervals of about 2 to 5 periods
per 500nm are needed. If the marking inagessf have .intervals of 5 _
periods, the period interval of the marking ges 206 on the road surface
is 100mm That is to say, the period interval of the marking i mges 206 is
| arger than one picture elenent of the
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CCD canera 2 and snaller than the mninmumw dth of the passing vehicle 3.
As descri bed above, by usirrg a one di nension CCD canera 2 and mar ki ng
proj egting device 210, a vehicle can be detected accurately -even under
speci al conditions where vehicles go side by side, a notorcycle passes
anot her vehicle in a traffic jam or a shadow is cast on the road surface
when the vehicle detecting systemis appli&d27o toll machines using a
wireless IC card on the nain lane of toll road or applied to traffic
survey. Next, a vehicle detecting systemin accordance w th anot her

enbodi ment  of the present invention will be described with reference to
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Wth the vehicle detecting systemshown in Fig. 21, one or nore step board
for discrirm nating vehicle type 30 are enbedded in the road surface in the
fieldsof view of the one dinension CCD canera 2 as an auxiliary sensor for
detecting a vehicle, in addition-to the one dinension CCD canera 2, the

32 signal processing device 5, and the marking projecting device 210 shown
in Fig. 15. The signal processing device 2862@etects a vehicle by using not
only the signal sent fromthe one dlnen5|on CCD canera 2 but also the

si gnal sent fromthe step.
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board for discrimnating vehicle type 30. The construction of the step
board for discrimnating vehicle type-30 is the sane as described in the
above-descri bed first enbodinent with reference to Fig. 10; therefore, its
description is omtted here. Fig. 12 shows a typical configuration of the
signal processing device 205. The device 20g,g9nprises a menory 43 of step
board for discrimnating vehicle type 30, a line sensor nenory 44 for one
di mrensi on CCD caneta 2, a nenory for resultant 45, and a matching device
46. The nore detailed configuration is as shown in Fig. 22. Conparing
with Fig. .18, the one dinension nmenory 218 in Fig. 18 corresponds to the
line sensor nmenory 44 in Fig. 22. Instead, the nmenory for resultant
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45 in Fig. 22 corresponds to the onedi nension nmenory 218 in Fig. 18. The
function of the matching device 46 is performed by a conputer 219. The
vehi clse detecting system of this enbodinment is the sane as described in
t he above-described first enmbodiment with reference to Fig. 12. Al though
the step board for discrimnating vehicle 'p§730 was used as an auxiliary

sensor for vehicle detection in the 33 ‘aboVe-descri bed enbodi nent, a
not illustrated |oop coil,
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ul trasonic wave transmtter/receiver, or  microwave

transmtter/recei ver may be used. (1) The loop coil is enbedded in
appropriate nunbers in the road surface on which-intermttent marking
| mages 206 are projected in order to react to a vehicle. Even if the

intermttent marking image 206 is hidden by hhe reflection due to a dropped
cardboard box, a person, or dirt and dust; énd t he one di nensi on- CCD caner a
2 regards it as a vehicle, the | oop coil does not react to such a thing.
Therefore, the |l oop coil gives the signal processing device 205 a

di scrim pating function such that a vehicle is not detected unless there is
detection output of loop coil. (2) The ultrasonic wave transnitter/receiver
is installed on, '
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for exanple. the gantry 1 so as to provide a detection area on the
intermttent nmarking i mages 206 in order to detect a passing vehicle . The
ultrasonic wave transmitter/receiver detects a person in addition to
vehi cl es, but the presence of dirt and dust provides the sanme detecting
signal as that of the road surface. Even_if the intermttent marking inage
206 is hidden by the reflection due to di 127/4dd dust, and the one di nension
CCD canera 2 regards it as a-vehicle, the ultrasonic wave
transmtter/recei ver does not react to such a thing. Therefore, the
ultrasoni.c wave transmtter/receiver gives the signal processing device 205
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34 that a vehicl € is not detected unless there is vehicle detectlon out put
of ultrasonic wave transmtter/receiver. (3) The m crowave
transmitter/receiver is also installed on, for exanple, the gantry 1 so as
to prOV|de a detection area on the intermttent marking i mages 206 in order
to detect a passing vehicle. The mcrowave transmtter/receiver detects
vehicl es or other noving objects. However20{®% presence of a person, a
cardboard box, or dirt and dust provides the sane detecting signal as that
of the road surface, Even if the intermttent marking i mage 206 is hidden
by the reflection due to dirt and dust, a person, or a cardboard box, and
the one ° '
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di mensi on CCD canera 2 regardé it ‘as a vehicle, the mcrowave
transmtter/recei ver does not react to such a thing. Therefore, the

m crowave transnmitter/receiver gives the signal processing device 205 a

di scrim nating function such that a vehicle is not detected unless there is
vehi cl e detection output of mcrowave traqf 'L;er/receiver. 35 CLAI M5
(1) A vehicle detecting system conpri sing, @(nnical array sensor which is
di sposed above a road surface to receive
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one dimension |ight anount si‘gnal 'in the lane width direction fromthe road
surface; +optical equipnment, such as a lens, which is nounted ta said
optigal array sensor; intermttent nmarkings which are disposed at fixed
intervals on the road surface in the one dinmension field of view of said
optical array sensor; and a signal processing device which detects vehicles
passi ng through on said road surface by &ﬁd ssing the output signal sent
fromsaid optical array sensor. (2) A vehicle detecting systemaccording to
claim1l wherein the intermttent period interval of said intermttent

mar ki ngs_is longer than the on-road period interval of the picture elenents
of said optical array sensor, and shorter than the m ninumw dth of the
vehicle to be detected.
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(3) A vehicle detecting systen1accbrding to claim1 wherein said vehicle
detecting system further:includes at |east one sensor out of a step board
whi ch is enbedded in the road surface and has a contact operated by a wheel
of vehicle, a loop coil which is enbedded in the road surface, an
ultrasonic wave transmtter/receiver mhicg I S,ount ed above the road

surface, and a mcrowave transmtter/recei

7which i s nmount ed above the

road surface, So that said signal processing device detects vehicles from
t he output signal of said sensor and the 36 '
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out put signal of said opticaI' arr’ay sensor. (4) A vehicle detecting system
according to claim.1 wherein said signal processing device detects vehicles
passj ng through on said road surface by conparing a standard signal pattern
fromsaid optical array sensor which is nodulated. intermttently by said
mar ki ngs in the case where no vehicle |se£ fsent with the out put si gnal
pattern in the case where a vehicle pass %ﬁough (5) A vehicle detecting
system conprising, a marking projecting device which includes a |aser |ight
source and a diffraction grating nounted above a road surface in order to
project strip I nt tent marking inmages in the lane width
direction ont?Q 4: Gj lﬁae n optical array sensor which is nounted
ahove the road surface so as to have an optica
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pl ane intersecting the optical plane of said nmarking projecting device atr oy
the road surface,” and receives a one dinmension |ight amunt signal ofJgaid ’
intérmttent nmarking inmages in the lane width direction fromthe road
surface; optical equipnment, such as a lens, which is nounted to said
optical array sensor; and a signal processgng devi ce which detects vehicles
passi ng through on said road surface by processing the output signal sent
fromsaid optical array sensor. 37 (6) A vehicle detecting system
according to claim5 :

processing device, a vehicle can be detected accurately even under

special conditions where vehicles go side by side, a motorcycle
passes another vehicle in a traffic jam, or a shadow is cast on the

road surface.

DE-A-1261025 discloses use of a one-dimensional scanner' in
combination with a spatial filter in front of the scanner. The
filter helps in detecting both dark and luminescent objects

passing at the side of the filter remote from the scanner.

4. BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

Fig. 1 is a schematic view of a vehicle detecting system in
accordance with a first embodiment of the present invention,

Fig. 2 is a view showing a typical waveform of incident light,

Fig. 3 is a view showing a typical waveform of incident light,

Fig. 4 is a view shbwing a typical waveform of incident light,

Fig. 5 is a block diagram showing a typical configuration of
a signal processing device, '

Fig. 6 is a view showing typical waveforms at portions of the
signal processing devicé,

Fig. 7 is a view showing the content of one dimension memory,

Fig. 8 is a flowchart showing an example of signal processing
procedure,

Fig. 9.is a schematic view of a vehicle detecting system in

accordance with another embodiment of the present invention,
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wherein the interimttent period interval of said intermttent marking

i mages is |longer than the on-road period interval of the picture el enents
of said optical array sensor, and shorter than the ‘nminimumw dth of the
vehicle to be detected. (7) A-:vehicle detecting systemaccording to claimb5
wherein said vehicle detecting systemfurtlger includes at 'l east one sensor
out of a step board which is enbedded in the road surface and has a contact
operated by a tire of vehicle, a loop coil which is enbedded in the road
surface, an ultrasonic wave transmtter/receiver which is nounted above the
road surface, and a nicromave transmtter/receiver which is nounted above

the road surface, % sal nalgproce %ing d wcga E§§§§r ighegffrom
the output signal of "a8id A&t RECYat utYP step

board for dlscrlmlnatlng vehicle type,
Fig. 11 is a view showing a typical map of contact
information,
Fig. 12 is a Dblock diagram showing a typical
cohfiguration of a signal processing device,
Fig. 13 is a block diagram showing a typical
. configuration of a signal processing device, corresponding to
Fig. 5,
* Fig. 14 is a view for illustrating the action of a signal
processing device,

Fig. 15 is a schematic view of a vehicle detecting system
in accordance with a further embodiment of the present
invention,

Fig. 16 is a view showing the condition of intermittent
harking images in the case where a vehicle passes through,

Fig. 17 is a view showing a typical waveform of incident
light, .

Fig. 18 .is a block diagram showing a typical
configuration of a signal processing device,

Fig. 19 is.a view showing typical waveforms at portions
of the signal processing device,

Fig. 20 is a view showing the content of one dimension
memory,

Fig. 21 is a schematic view of a vehicle detecting system
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signal of said optical array sensor. (8) A vehicle detecting system
according to claim5 wherein said signal processing device detects vehicles
passing through on said road surface by processing the ¢hange of output
signal pattern of passing vehi.cl € out of the output signal patterns from
said optical array sensor which are nodul at@4 internmittently by said

mar ki ng inmage when no vehicle is present.

or othgr moving objects. However, the presence of a person, a
cardboard box, or dirt and dust provides the same detecting
signal as that of the road surface. Even if the intermittent
marking 6 is hidden by dirt and dust, a person, or a gardboard
box, and the one diménsion CCD camera 2 regards it as a
vehicle,.the microwave transmitter/receiver does not react to
such a thing. Therefore, the microwave transmitter/receiver
gives the signal processing device 5 a discriminating function
such that a vehicle is not detected uhless there is wvehicle
- j detection output of microwave transmitter/receiver.
.[Second Embodiment]
A further embodiment of the present invention will be
described with reference to the drawings.  Fig. 15 is a
schematic view of a vehicle detecting_system in accordance with
the second embodiment of the present in&ention. In Fig. 15, a
gantry 1 is used to install equipment 2 and 210 above a road
surface 102. The equipment 2 consists generally of optical
equipment such as an optical array sénsor and a lehs. In this
embodiment, the equipment 2 consists of a one dimension CCD
(Charge. Coupled Device) camera incorporating a one dimension
CCD optical element. The one dimension CCD camera 2 is
installed facing obliquely below for each lane. Each one
dimension CCD camera 2 is provided with a filter 207 as shown
in Fig. 16 to eliminaté the effect of light other than laser

beam. Each one dimension CCD camera 2 provides a field of view
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2A of one dimension in the lane width direction in relation to
the road surface 102. 'A plurality of one dimension CCD cameras
may be used to provide a field of view covering the width of
one lane. Reference numeral 3 denotes a passing vehicle. The
output -signal from the one dimension CCD camera 2 is
transmitted to a signai processing device 205 via a cable 204,
and the signal processing device 205 detects the passing
vehidle 3. The signal proceésing device 205 outputs a pulse
signal 205A each time one vehicle passes through.

The equipment 210 is a marking projecting device, which
faces obliquely below so as to project intermittent marking
images 206 on the road surface 102. The marking projecting
device 210 comprises a cylindrical lens 213 as well as a laser
spot light source 211 and a diffraction grating 212 in this
embodimeﬁt. The diffraction grating 212 changes the laser spot
light source 211 into intermittent mark}ng images. The
cylindrical lens 213 changes the intermittent marking images of
dotted line pattern into the intermittent marking images_206 of
stripe  pattern. The widening of the width of stripe pattern
facilitates the installation and adjustment of the one
dimension CCD camera 2. The intermittent marking images 206
are formed in the lane width direction.

The one dimension CCD camera 2 and the marking projecting
device 210 are installed spacedly in the lane direction so that

their optical planes intersect at the road surface. Therefore,
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CLAIMS

(1) A vehicle detecting system comprising, an optical
array sensor which is disposed above a road surface to receive
one dimension light amount signal in the lane width direction
from thé.road surface; optical equipment, suéh as a lens, which
is mountéd.to said optical array sensor; intermittent markings
which are disposed at fixed intervals on the road surface in .
the one dimension field_oflﬁiew of said optical array sensor;
and a signal processing device which detects vehicles passing
throuéh on said road surface by proceséing the output signal
sent from said optical array sensor.

(2) A vehicle detecting system according.to claim 1
wherein the intermittent period interval of said intermittent
markings is longer than the on-road period interval of the
picture elements of said optical array sensor, and shorter than
the minimum width of the vehicle to be detected.

(3) A vehicle detecting systeﬁ according to claim 1
wherein said vehicle detecting system further includes at least
one sensor out of a step board which is embedded in the road
surface and has a contact operated by a wheel of thicle, a
- loop coil which is embedded in the road surface, an ultrasonic
wave transmitter/receiver which is mounted above the road
surface; and a microwave transmitter/receiver which is mounted-
above the road surface, so that said signal processing device

detects vehicles from the output signal of said sensor and the
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output signal of said optical array sensor.

(4) A vehicle detecting system according to claim 1 wherein
said_signai'processing device detects vehicles passing through on
said road surface by comparing a standard signal battérn from said
optical array sensor which is modulated intermittently by said
'markings in the case Qhere no vehicle is present with the output

signal pattern in the case where a vehicle passes through.

(5) A vehicle detecting system comprising, a marking
projecting device which includes a laser light source and a
diffraction grating mounted above a road surface in order to
project stripe-pattern intermittent marking images in the lane
width direction onto the road-surface; an optical array sensor
which is mounted above the road surface so as to have an optical
plane intersecting the optical plane of said marking projecting
device at the road surface, and receives a one dimension light
“amount signal of said intermittent marking images in the lane
width direction from the road surface; optical equipment, such as
a lens, which is mounted to said optical array sensor; and a signal
processing device which detects vehicles passing through on said
road surface by processing the output signal sent from said optical

array sensor.
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