SPECIFICATION

l. TITLE OF THE INVENTION

VEHICLE DETECTING SYSTEM .

2. FIELD OF THE INVENTION AND RELATED ART STATEMENT

The present invention relates to a vehicle detecting
system which is used for toll machines for toll roads and for
‘traffic equipment for traffic survey, etc.

There are three conveﬁtional 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 ultrasonic 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 reﬁlected echo 104 to return becomes

short, so that the presence'of the &ehicie 103 can be detected;
(2) Microwave system (not shown)

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

from the road surface is not subjected to frequency shift.



Therefore, the passing of a vehicle can be detected by
detecting the frequency 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 passes through,
"the system detects the vehicle 103 because the roof paint colo;
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 lens,'or multipie detection can be carried out
by using an array of photosensors. | |

The above-described conventional vehicle detecting
techniques pose the follow1ng problems:

In the ultrasonlc 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 as a motorcycle passes through anywhere on the
lane just under the sensor, the system can detect the vehlcle.

| | Thus, these systems have an advantage of coverlng the
entlre width of one lane'w1th one sensor,. but they cannot count
a plurallty of motorcycles separately when the motorcycles go
s;de by s1de on the same lane. Also, these systems cannot
detect a motorcycle,passlng the side of a truck on a jammed
toad; As described’above, the_system-using ultrasonic waye or
- mic:owave has a limitation in-accurate detection of passing

vehicles.



Such miscounting ig 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 intersecti?ns.

| The optical system, unlike the''microwave and ultraéénic
.systems, is based on beam of light 106. Therefore, this system
can separately count motorcycles 103 going éide by side aé
‘shown in. Fig. 24 if photosensors 105 are mounted at short
intervals so thét the field of view is decreased.in the width
direction in a lane.

in fhis case, however, two motorcycles 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 surféce 102 when the sun 107 is at a low position in the

morning or evening.

3. OBJECT AND SUMMARY OF THE INVENTION

The present invention Qés made in view of the above
situaﬁion. Accordingly,_ah'objeét of the present invention is
to provide a vehicle deteCtiﬁg system thch solves the above
problems ahd is less affected by vehicles going side by side on
a lane, traffic conditions such as jjamming, ahd'_weather
conditions.'

To achieve the above object, thé.constitutién-qf the

present invention is as follows:



(1) The vehicle.detecting system of the present invention is
characterized by comprising, an optical array sensor which is
disposed above a road surface to receive one dimension iight
amount si'gnal. in the 1lane width direction from the' road
surface; optical equipment, such as a lens,.which is mounted to
the optical arrav sensor; intermittent markings which are
disposed at fixed intervals on the road surface in thé one
dimension field of view of the optical array sensor; and a
signal processing device which detects vehicles passing through
on the road surface by processing the output Signal sent from
the optical array sensor.

(2) The vehicle detecting system of the present invention 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 surface; an optlcal array sensor which is mounted
above the road surface 80" as to have an optlcal ‘axis’ J.n"
nonparallel wlth the optlcaL axis of the.marklng pro;ectxng'f
device, and receives a. one dimensiou (Iinear) 1ight amount
SLgnal of the lntermlttent marklng lmages in the lane w1dth
dlrectlon from the road surface; optical equlpment, such as a
lens, whlch is mounted to the optical array sensoxr; and a;
‘signal process:.ng device wh:.ch detects vehJ.cles pass:.ng through-:',.__

on the road surface by processrng the output SLgnal sent fromﬁ!



«,;

the optieal array sensor.

In this case, 'preferably, the_ intermittent period
interval Qf intermittent markings on the inte:mittent marking
images should be longer than the on-road period interval of
picture elements of the optical array sensor, and-shortet than
the minimum width of the vehicle to be detected. Preferably,
at least one sensor out of a step board which is embedded in
.the road surface and has a eontact operated by a wheel of
vehicle, 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, should be further comprised so
that the signal processing device detects.vehicles from the
output'signal of the sensor and the output signal of the
optical array sensor.

The operation of the present invention lS as follows
(1) In the aforesald constltutlon (1) of the present invention,
the optlcal 11ght sensor and the optlcal equlpment such as a
lens receive the one dlmens10n (llnear) light amount 51gna1 in
the lane width: d;rectlon from the road ,surface. The{
inte;mittent.markings on tne-toad surfece, which add modulation

to one dimension light amount signal, are used to judge,

‘according to the disturbance of modulation, whether a vehicle’

is actually present on the road surface or jﬁ).Vehicle is

present and only a shadew ef__-_'_vehicle _p’assing"_ .th_rough ~the



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 road surface, and the diffraction grating gives the
laser beam with a stripe-pattern, so that intermittent marking
images aie projected on the road surface. 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 processes
the one dimension-lightlamount signal from the optical array
sensor by tahing advantage“Of the fact that the marking images
on the passing yehicle is reflected by'the vehicle and not
return to the optlcal array sensor, and’ separates ‘the passrng
.vehlcle from the background road surface and d;scrrmlnates
between them by changlng of- s1gna1 into strlpe pattern, so that
the passrng of lndlvrdual vehicle is detected

As descrlbed above, accordrng to the present rnventlon,'
'by'usrng the optrcal array sensor and the rntermrttent markrngs
or the optrcal array sensor . and the marklng progectlng devrce

for producrng lntermlttent markrng lmages and the s1gnal;
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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 s&stem
in accordance with a first enbodiment of the present invention,

Fig. 2 ie a view showing a tjpical 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 typical configuration
of a signal processing device,_

Fig.' 6 is a view show1ng typlcal waveforms at portions of
the‘s1gnal proceSSLng dev1ce,-'”'

Fig. 7 is a view showxng the content of one dlmen51on_
memory, o |

.Fig.'Q is a flowcnart_. showing an example of signal
processing procedure," '. g

Fig. 9 is a schematlc v1ew of a vehicle, detectlng system'

in accordance w1th another embodlment.of the present lnventlon,
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Fig. 10 is a view showing typical construction of a step
board fér discriﬁinating vehicle type,

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

Fig. 12 is a Dblock diagram showing a typical
coﬁfiguratioﬁ 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
processiﬁg device, |

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

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

Fig. 17 is a view showing a typical waveform of incident
1ight, .. _

Fig; 18 is .a' block diagram‘ showingf a typical
conflguratlon of a SLgnal proce551ng device, -

Fig. 19 is a v1ew show1ng typlcal waveforms at portlons
of_thé signal proce531ng'dev1ce,

Fig. 20 is a view shoﬁing the content of one dimension
menmory, o

Figf 21 is a schematiq_vieW'of a véhicle deteéting system-



in accordance with another embodiment of the present invention,
Fig. “22 is a block diagraﬁ showing a typical
configuration of a signél processing device, corresponding to
Fig. 18, .
Fig. 23 is a view showing a coﬁbentional ultrasonic type
vehicle detecting:system, and |
Fig. 24 is a #iew showing a.conventional optical type

vehicle détecting system,

5. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[First embodiment]

A firét embodiment of the p;ésent invention will be
described below with feference to the drawings. Fig. 1 is a
schematic view of a vehicle detecting system in éccordance with
the first embodiment of the present invention. ' In Fig. 1, a
gantrj 1l is uséd'to inst&ll equipment 2 above a road surface
102.' The equlpment 2 ConSlStS generally of optlcal equlpment
such a; an optlcal array sensor and a 1ens._ | In this
embodiment, the equlpment 2 ConSlStS of ‘a one dlmenSLOn CCD
'(Charge-Coupled Device) camera lncorporatlng-a ‘one dlmenSLOn
CCD 'optical element. The one l-dimension CCD camera 2 is
insﬁalled_ facing directlj' below for each lane. Each one
dimension CCD camera 2 provides a-ﬁield.of view ‘2A of one
',dimgnsion in:;he_lane width direction in relatiah td the road

- surface 102. “A'plura1ity-of-oﬁe.dimension CCD camétés may be
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used to provide a field of view covering the width of one lane.
Reference numeral 3 denoteé 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 dévice 5 de‘te'cts'the passing vehicle 3. The signal
processing device 5 outputs a pulse signal 5A each time one
vehicle passes through. Intermlttent mark:.ngs 6 are periodic
markings having fixed intervals, 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 réad surface 102 at. fixed .intervals to form intermittent
markings 6. |
Next, thé function of the aforesaid intermittent marking
will be described with reference té Figs, 2 to 4. Fig. 2 shows
an example of output _signal 2B obtained when the one dimension
CCD camera 2 batchés the road surface. Although the bf'fset.
changes dependlng on the sunshlne cond:.t:Lon, a perlods.c s:.gnal
modulated by marklngs 6 can be obta:.ned e | | |
If a vehlcle 3 passes through the’ perJ_odJ.c signal is
disturbed at the pass:.ng pg_rtlon as J.nd:.ca_te_d by reference
character 2C in i:?ig. 3. '_ftorﬁ this 'diéturbahce, the .positio.n

where the vehicle 3 passes thtou_gh can be found. For example,

even if two motor_cycles ~go side by side, these can - be

separately detected _lsin'c'e-"t_:-wb disturbances -2C of periodj.c

signal take place. ;  3
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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 sun- light. In.this_case, 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 fouynd 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 processino device 5
w1ll be described with reference to Fig. 5. The signal
processing device 5 comprlses an ampllfler 10, a band pass
filter 11,-an A/D converter .12, 'a-standard srgnal pattern
memory 13, a collatlng c1rcu1t 14, a blnarlzatlon circuit 15,
a standard reglster'ls, a. one d1mens10n memory 17, a ‘timing
~ generating c1rcu1t 18, and a computer 19.

The operatlon of the s;gnal processrng device 5 will be
described. First, the output 51gnal 2B sent from the one
dimension CCD camera 2 is ampllfled by the amplrfler 10. Then,
‘the ampllfled s1gnal a is passed through the band pass filter

11 to pass frequency components lncludlng perlod components of

marking 6 and to remove . low—frequency components due to_
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sunshine and shadow. This signal b is digitized by the A/D
converter 12. The standard signal pattern memory 13 stores a
standard period pattern obtained when there is no vehicle on
the road-surface and all intermittent markings 6 lie in the
field of view. The capacity of the memory is one dimension
field of view. In 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 iemoved from the road surface signal
of the A/D converter' 12. The signal d from which period
components are removed is a&ded to the binarization circuit 15.
The standérd register 16 contains a standard value which
constitutes one input of the binarization circuit 15. The
binarization cirxcuit 15 separates the sigﬁal 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
éll the contents of one dimension memorf 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 cdmpute; 19.

The signal processing device 5 generates the output of vehicle
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detection at the stage at whiéh ‘the content of the 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 t-he.signal of the timing generéting circuit 1.8. The
computer 19 controls the entire devige and makes judgment". The
computer 19 checks the content of the one dimension memory 17
to see if it is non-"0" each time the content of the one
dimension_ memory 17 is updated, and d.etect_s the presence of
vehicle when it is non-"0". Fig. 6 shows the waveforms of the
signals a, b, é, d, and'e. at portions in Fig. 5.

Nekt, the vehicle detecting procedure in the computer 19 _.
will be described wif.h ré'flerence to Figs. 7. and 8. Fig. 7
shor;\rs 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..-c_*ontent of the one.
dimension memory 17 is non-"0" as t=1 and t=2 due to one
vehicle 3, when "1° regiqn'{:akes pla&e'- at another position of
the one diinénsion meﬁqry' l7w1.th "0 bé_i.-iig-. interposed. as t=3,
the c’:omih'g'"' of another 'véhicle" 3A is detected. The computer 19
checks the content of tlri:elﬁéh;é'-dimension" mexr?o?y 17 each time the
content ﬁhei:eof is upd'atg:d-'.jj_ ‘When it is found that thére_ are
groups of "1° sepéz_r:ated into two regions, and these ,tv;vo .gro'ups.
' are'_'n'lerged into one the:;:.'e'z_a,'f_t_e:'i, the cor_npﬁ_t.‘ei: 19' rejudges that
this indicates. o#e 'Vehi'c"];é '-_':I.:Z‘_hat is td.éay,:' the judgment enc_:isi

when . the v_éhit:le' ile"a_\'r:es,.__:_’_" not when the content of .th(_'a one
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" dimension mémbry_ 17 changes from all "0" to non-"0". If
non-"0" are.a J.s changed into "0" in sequential updating andl
| judgmen_t, tlfe computer 19 judées that the vehicle has passed
through the dei:ec_tion region,' _cancéling the output signal. The
detection of the coming of véhicie’includes thé detection of
the first and 'éeéond \_rehicl_e's','. and the leaving of vehicle is
. éléo detected 'f.or -each detected w_iehicle. 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 wehicle.

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 counté up successively when ‘one vehicle is
detected. Therefore, this counter' 20 indicates the accumulated
number of passing vehicleé . | ' The existing number counter 21
indicates thg nﬁmbér of vehiC'l:éé which are present in the field -
of view of the CCD camera 2. Theref_ore, this counter 21
displays 2 when two motdrcyc-].es go side by side.

‘ The processing: in the aforesaid computer 19 will be
described in detail with reference to the flowchi;lrt shown in
" Fig. 8. The system being started (1), the computer waits the
entering of outpﬁt signal sent from the oné dimension CCD

"camera 2 (2). The output signal, if being entered, is
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processed 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'(é). 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 positiou
(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 éassed
through the detection. region, adds the number of the existing
" number counter to the accumulating nuhber counter of'passihg
vehlcles (17), clears the exrstlng number counter to 0 (18),
" and returns to WAITING FOR CAMERA INPU‘I‘ (2) '

If there is non-"O“; the data in the one dlmenSLOn memory
is collated-thh the last-vehlele position. (9).  If there is a
vehicle which does not overlap with the last position, that is,
if the vehlcles have passed through the detectlon reglon, the
“number of paSSLng vehlcles is added to the accumulatlng number't
counter of passxng vehleles (12), and the number of passlng_h.

- vehicles is subtracted from the existing number counter (13). .
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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 froﬁ the existing number counter .( 11).
Next, the computer checks if a vehicle is present at .a new
coming position (_14); If no vehicle’ is present at a new coming
position, the vehicle positions are stored (16), and the
procedure returns to .WAITING FOR CAMERA INPUT (7). If a -
vehicle is preésent at a new 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 photosensor
composing the one dimensio_n-CCD camera 2. In principle, when
a CCD camera with 1000 .picture elements is used, the one
dimension memory 17 Should'___heve a capacity of 1000 bits. I’n

the case where the one di:_tien_sj.on CCD cafnera 2 has 1000 picture

element‘s','-"w'hen the roa'd w:.dth is 5000mm, one picture element

corresponds to 5mm on the_.- road surface.

Therefore, the per:.od :Lnterval of J.ntermlttent markings
6 should be larger than’ Smm correspond:.ng to one plcture
element, and be smaller than the width of small veh:.cle such as -
a motorcycle. In the present J.nventJ.on, s:l.nce a veh:.cle .Ls
detected by the dJ.sturbance of perJ.od J.n the output s:.gnal from .'

the oth.cal array sensor, J.f a vehJ.cle w:.th a mJ.n:Lmum w:.dth of'--'_ -
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500mm is to be detected, markings having period intervals of
about 2 t6 5 periods per 500mm are needed. If the markings
have intervals of 5 periods, the period interval of the
markings 6 on the road surface_is 100mm. That is to say., the
period interval.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, hy using a-one'dimension CCD camera
2 and intermittent inarkings 6, 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 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. accordance with
another embodiment of the present lnventlon will be described
_w1th reference to Flgs. 9 to 14. |

With the vehlcle detectlng system shown in Flg 9, one or
more step boards for dlscrlmlnatlng' 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
ﬁehicle, in addltlon to the one dlmenSLOn CCD camera - ‘2, the
srgnal process1ng dev;ce 5, and the lntermlttent marklngs 6.

shown in Fig. 1. The 51gnal process;ng devrce 5 detects a
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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 boarfi for
discriminating vehicle type 30.+ The step boarc_i 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 vehlcle width
direction. When the tire 33 of vehicle 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 this contact informati.on is mapped on a memory,
map information consisting of contact infomation 35 to 38 and
40 and 41 as shown in Fig. 11 is obtained in relation to the
elapsed time and vehicle wid_tn direction. When four pieces of
contact information of 35-:' -'to' 38 are obtained, a contact
infemation group’ J.ndJ.cated by reference numeral 39 is
. recognized from this arrangement ’ -s_o that it can be. judged that
the vehicle is a passenge_r car 'Wh'en two pieces of -c'on-tact.
-infcrmation' of 40 and 41 a'r:e.'obtai_n'ed., a contact information
~group indicated by reference numeral 42 is recognized from thJ.s
arrangement, so that J.t can "be ]udged that the . vehJ.cle is a

motorcycle .

Fig. 12 shows a typ:.cal c_cnfi_guration of the ..signal
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processing device 5. The device comprises.a memory 43 of step
board for'discriminating vehicle type 30, a line sensor memory
-44 for one diménsion CCD camera 2, a memory for resultant 45,
and a matching device 46. The more detailed configurat%pn is
as shown in Fig. 13. Comparing wiﬁH'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
fﬁnction of the matching device 46 is performed by a computer
19.

The vehicle detectiné'system of this embodiment will be
described with reference to 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 36 - conductive.
Synchroniiing with a synchfonizihg signal 47 sent from the one
dimension CCD camera 2, the 5ystém.transmits the conductive and
non-conductive states 6£'$c6ﬁ£aéts in théziﬁehicle _width
direétioh,ithat is, the?é§n€a¢tﬁiﬁformation,_t&iihg memorj'43 '
of step board for diédfimiﬁatihg vehicle type. | Then, map
information 49 as showniiﬁ Eig. l4 can be'obﬁéined in the
memory 43 of step board for discriﬁinating veh;cig type as time
elapses.;”ﬂ'Refefence; éyaiagtéf 49A denoteéf;bontact ON
infoimatidn}'_ | | o | R |

The image contoﬁrféf;a ?éhiéle passing-thrqughﬁ;hejstep_;'
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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 earlier, and is stored in the line sensor
memory 44. Thus, map information 50 as shown in Fig. 14 can be
obtained in the 1line sensor memory 44 as time elapses.
Reference character 44A denotes a non-"0" area. At this time,
a synchronizing‘signal 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
- discriminating 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 51 and 52 in Fig. 14 indicates two
motorcycles, not one passenger car, and recognizes that the
area denoted by 54 1ndrcates one large vehlcle. Further} the
matchlng dev1ce 46 recognlzes that a vehlcle ln the shadow offw
a large vehlcle, whlch is not found by the one dlmenSLOn CCD'y
camera 2 only as shown by the area denoted by 53 in Flg 14, is
a motorcycle by comparlng the content of - the memory 43 of step.
board for discriminating vehrcle type with that-of the.llne

sensor memory 44.

When the vehicles do not move due- to trafflc jam; the L

: memory'43 of step board for'dlscrlmlnatlng vehlcle type and the - -
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;ine sensor memory 44 store.the same information only. 1In this
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 discrihinating vehicle type, and
predicts the wvehicle 1ehgth from the general ratio of wvehicle
width to length. If the memory content 1omger ‘than the
predicted vehicle_length continues, the matching. device 46
generates a deleting signal 48 to delete unnecessary memory
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} etcf_ 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 signai 48 is
generated likewise to delete'the monotonous memory data. This
eliminates the overflow of memory

With the vehlcle detectlng system of the above—descrlbed.'r
embodlment, the step board ' for dlscrlmlnatlng vehlcle type 30
detects the.vehlcle width and the number of axles on the basis
of the #ehicle.tire, and thejcchtact ihformaticn{is'stcred iﬁ!

the memory 43 of step board fcr discriminating'mehicle type.

On the other hand, the one dlmenSLOn CCD camera 2 catches theh;f

image of a vehlcle, and the lmage lnformatlon ls stored ln the**

'_llne sensor-memory 44, At thlS tlme, a scannlng s1gnal is sent _
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from the one dimension CCD camera 2 to the step board for.
discriminating vehicle type 30 as a synchronizing signal 47.
In the step 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 alvebicle bir judging the type and
number of passing vehicles.. 'Therefore, therel is no possibility
that motorcycles going side by side are mistaken for a
passemger or that a rtmtorcfycle J.n the shadow of a large vehicle
is missed . Also, by generaring the deleting signal 48 from the
matching device 46, the overflow of memory caused by
unnecessary information in traffic jam can beée prevented.

Thus, the use of the step board for discriminating
vehiole type 30 as an auxiliary sensor for vehicle detection
permits accurate determination of the type and number of

pass:.ng vehJ.cles , so that non-attendant operat:.on of toll

mach::.nes on toll roads ca“? e..' greatly promoted._

Although the step board for dJ.sch.mJ.natJ.ng vehicle typei
30 was used as an aux:.l:.ary sensor for vehlcle detect;\.on in the
above—descra_bed embod:.ment i a not illustrated loop co:Ll,'
ultrasonic wave. transm:.tter/ rece:.ver ‘ or microwave
.transmltter/recen.ver may be used

(1) The loop co:.l is embedded in appropr:.ate numbers in the

road surface under the :J._nt_ermlttent_ mark:.ngs 6 .in .order to
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react to a vehicle. Even if the intermittent marking 6 is
hidden by a 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 device 5 a discriminating
function such that a vehicle is not detected unless there is
detection output of loop coil.

(2) The ultrasonic wave traﬁsmitter/redeiver is installed on,
for example. the gantry 1 éo as to provide a detectiqn area on
the intermittent markings 6 in order to detect a' passing
vehicle.' The ultrasonic wave transmitter/receivé; 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'intérmittent marking 6 ‘is hidden by dirt
énd dust, and the one dimension CCD camera 2 regards it as a
vei_u'_‘cle, the ﬁltrasonié wave transmitter/receiver does not -
react to such a thing.  Therefore, the ultrasonic wave
transmitter/récéiﬁe: gifés thé:signal proééséing deQicé‘STa:f
disqriminating;fnnction_sﬁch;that a vehicle is not detected -
unless there is vehicle detection output of ultrasonic wave
transmitter/receiver. o I

(3) The microwave transmittet/rééeiver is also installed on; 
for example, the gantry-l-sd3as to-p#ovide a detection area ongf
the intefmitfeh’t marking.s.--; 6 in o:fder to detect a paésinéj,_".'i'_-

vehicle. The microwave transmitter/receiver detects vehicles' .
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or other moving objects. However, the presence of a person, a
cardboard box, or dirt and dnst 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 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 invention. In Fig. 15, a
gantry 1 is used to install equipment Z-and 210 above a road
.surface 102. The equipment.2_consists§generally of optical
equipment such as an optical_arraj_Senscr and a 1ens. In tnis
embcdimentj the equipment 2 ccnsiete cf'a one'dimensicn 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 nrovided with a filter 207 as snown
in Fig' 16 to eliminate the effect of light other than laser

beam. Each one dimenSion CCD camera 2 prOVides a field of VleW'
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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 diméneiqn CCD camera 2 |is
transmitted to a signai processing device 205 via a cable 204,
and the signal processing device 205 detects the passing
vehicle 3. The signal processing device 205 outputs a pulse
signal 205A each time onelvehicle 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 a cylindrical lens 213 as.well as a laser
spot light source 211 and a diffraction grating 212 in this
embodiment. The diffraction grating 212 changes the laser spot
light source 211  into intermittent _mark?ng images. The
cylindrical 1ens 213 changes the intermittent.marking images of
dotted 11ne pattern lnto the lntermlttent marklng lmages 206 of
stripe  pattern. ' The w1den1ng of the w1dth of strlpe pattern
fadilitates- the lnstallatlon and adjustment of the one
dlmenSLOn CCD camera 2. The lntermlttent marklng 1mages 206
are formed in-the lane w1dth dlrectlon.

| The one dlmen51on CCD camera 2 and the marklng pro;ectlng_
dev;ce 210 are lnstalled spacedly in the lane direction so that

their optlcal-axes face-;nslde with each-other;.:Therefore,
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only when the intermittent marking images 206 from the marking
projecting device 210 are reflected by the road surface, the
one dimension CCD camera 2 catches the inte;mittent marking
images 206. . .
Next, the function of the aforesaid intermittent marking
images 206 wiil be described with reference to Figs. 16 and 17.
Fig. 17 shows-an example of the output signai 202B generated -
when the one dimension.CCD.camera_z catches the road sarface.
As shown in Fig.l16, when a vehicle 3 passes thr':ough,' 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 frem 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 outpatseignal 202B disappear. For

example, even if two motorcyc1e57§o side by side, these can be -

‘separately deteCted since the lntermlttent marklng images 206 o

dlsappear at two positions. - When there ls no paSSLng vehicle

on the lane directly under'the,one dlmenSLOn CCD camera 2 and

'a large truck passes throﬁgh'Eﬁjthe adjacent lane, the shadow . ..

of the truck is cast on the field}of view of the one dimehsion

.CCD camera 2 dependlng on the dlrectlon of sun. llght. In this

-:case the lntermlttent marklng lmages 206 do not dlsappear even ;}_

in the shadow area, so that 1t lS found that there is noffﬂ_
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vehicle on this lane.

As describe.c'i above, vehicles can be accurately detected
by detecting the presence of the intermittent marking images
206. | .

Next, a specifio example of & signal processing device
205 will be described with reference to Fig. 18. The sig;xal
processing device 205 comprises an A/D converter 214, a v
binarization circuit 215, a vehicles detection circuit 216, a
binarization level register 217, a.one. dimension memory 218,
and a computer 19. Further, the signal processing device 205
compriSes an accp.mulati_ng ‘number counter 220 of oassing
vehicles and an exiSﬁihg number counter 221 as display devices.

The operation of the signal processing device 205 will be
described. First, the output signal a of the one dimension CCD
camera 2 1is converted idto a digital signal by the A/D
converter 214. 1In the threshold signal b'of the binarization
level register 217, .1.f "t appears w:.th:.n a certain perz.od
noﬂ-_"_l"', that is, “0", is outputted th_le if not, "l ig
outputted. The vehJ.cles detectz.on c:.rcu::.t 216 stores the
output s:Lgnal c J.n the one d:.mens:.on memory 218. FJ.g. 19 shows
the waveforms of the signals a, b, and ¢ 'in the signal
processing device 205 shown in .Fig '18 . On the waveform of the
| signal c of the vehJ.cles detect:.on c:.rqu.t 216 ‘ the position

where a vehicle 3 passes through is J_ndz.cated by non-"O" that

is, “1'_', .and th_e pos:LtJ.on whe_re_ a vehlcle 3 does _not- pass
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through is indicated by "0". By comparing this signal with the
signal obtained in the last detection with the computer 219,
the wvehicle 3 is discriminated and the accumulating number of
pasSing vehicles is counted. Then, the accumulating numher of
paesing vehicles is displayed on? the accumulating number
counter 220 of passing vehicles._ |

The vehicle detection logic by the computer 219 using the :
signal waveform at point ¢ mentioned before will be described
below. Fig. 20(a) shows a truch 3 loaded with pillars on its
bed and a motorcycle 3a which go side by side. 1In this 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" overlaps with the

signal of last detection, the position is regarded as the same

vehicle. Therefore, in the second detection, it is judged that

two vehicles are ‘passing through, and the thJ.rd detectlon .

indicates one . vehicle 3. In the flfth detectlon, 1t is judged

that two vehicles 3 and 3A are passrng through, and in the

elghth detection, it is Judged that two vehlcles 3 and 3A have

passed through

Next, the vehicle detecting procedure in the computer 219

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

.shows the content of one dlmenSLOn memory 218 on.a tlme basrs,.a
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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 vehicle 3,
when "1" region takes place at_another position of the one
dimension memory:218 with "0" being interposed as't=2, the
coming of another vehicle is.detected. The computer 219 checks
the content of the one dimeneion memory 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 merged 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 dlmenSLOn memory 218 changes from all “O"
to non-"0". If non-"0" area is changed into "0" in sequential
updating and judgment, the computer 219 judges that the vehicle

has passed through the detectlon reglon, cancellng the output

SLgnal The detectlon of the comlng of vehlcle anludes the

detection of the flrst and second vehlcles, and the leavmng of
vehicle is also detected for each of detected vehlcles 3 and
3A. Thus, the computer 219 Judges “the content of the one

dlmenSLOn.memory 218 whlle comparlng it with the content of the

one dimension memory 218 obtalned in the 1ast detectlon.- This

means judgment by labellng each vehlcle.-

The output from the computer 219 1s prov1ded through an
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accumulating number counter 220 of passing vehicles and an
existing number counter 221. The accumulating number counter

220 of passing vehicles counts up successively when one vehicle

is - detected. Therefore, this counter 220 indicates the

accumulated number of passing vehicles. The existing number
counter 221 indicates the number of vehicles which are present
in the field of view of-the.CCD camera 2. Therefore, this
counter 221 displays 2 when two motorcycles go side by side.

The processing in the aforesaid computer 219 is the same
as described in the above-described first embodiment with
reference to the flowchart shown 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. 1In principle, when
a CCD camera wuth 1000 plcture elements is used, the one.
dlmenSLOn memory 218 should have a capac;ty of 1000 bits. 1In
the case where the one dlmens1on CCD camera 2 has 1000 picture
elements, when the road w1dth lS 5000mm, one: plcture element
corresponds to 5mm on the road surface.

Therefore, the period lnterval of 1nterm1ttent marklng

images 206 should be larger than Smm correspondlng to one

picture element, and be smaller than the width of small vehicle .

such as. a motorcycle. In the present J.nventz.on,- since a

vehicle‘is_detected'by the-presence_of-perxod-slgnal in the
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~ output signal ff6m.the bpﬁical array -sensor, if a vehicle with

3.a minimum width of 500mm is to be detected, marking images

~having period intervals of about 2 to 5 periodé éer 500mm are
needed. If the marking images 206 ha&e intervals of 5 periods,
the period interval of tﬁe marking images 206 on the road
surface i$ 100mm; That is to say, the period interval of the’
marking imagés 206'is'lar§er-thén 6he picturé element of the
CCD camera 2 and smaller than the minimum width of the passing
vehicle 3. |
_ As described above, by usimrg a one dimension CCD camera
2 and marking projecting device 210, a vehicle can be detected
accurately:evén ﬁndei speéial 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 when the vehicle
detecting system is appiied:to.téll machines uding a wireless
IC card on the main lane of toll road or applied to traﬁfic
survey.

Next, a 'vehic_:le_ detect_iﬂg syét'em in accordance 'w.ith
another émbodiment'of the préseﬁt invention Qill be described
with reference to Figs. 21, 10 to 12, 52, and 14.

R Witﬁ the’vehiéie détecting system shown in Fig. 21, one
or more step' board for'discriminating vehiéle type 30 are
embedded in the road surface in the field of view of the one
dimension CCD camera 2 as an auxiliary senséf for detecting a

vehicle, in addition to the one dimension CCD baﬁera 2, the
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signél_processing_- device 5, and the marking projecting device
210 shown in Fig. 15. The signai processing device 205 detects
é vehicle by using not only the signai sent from the one
dimension CCD camera 2 but also the signal sent from tho step
bo.ard for discriminating vehicle typo 30. |
The construction of the step board for discriminating
vehicle type 30 is the same as described in thé above-.-de.scribed :
first embodiment with refe_rencé to Fig. 10; therefore, its
description is omitted here. |
Fig. 12 shows a typical'_c__o_nf_i_guration of the 'signal
processing device '205. The device 205 comprises a 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 rnatching device 46. The more detailed
configuration is ‘as shown in Fig. 22. Comparing with Fig. 18,
the one dimension'..-_me_mory 218 in Fi‘g._ 18 corresponas to tne line
sensor memory 44 J.n fi_g. 22. Ins.t;e'a_.d,.-.'the memory for resultant
45 in Fig. 22° corresponds to t}ié"_'l"oﬁé%_;':fdimens'i'on'fﬁéhOﬁ""218 in
Fig 18. The funci_';i_on of the match:.ng dew.r'ice_4_6._"_ is performed
by a computer '219..' | o ) | l.
~The vehicle detecting 'systém of this émbodimént is the
same as described'. in the above—deécribed first em_liodiment with -
referenc'e to Fig.._ 12. : ) .
' Although the _:s'tep bo..arc.l for_: _cij.uscri.-.z.nina'ting_'.v_.ohicle type -

30 was used as an auxiliary sensor for vehicle detection in the
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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 intermittent marking images 20‘6 are
projected in order to react to a vehicle. Even if 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 a "vehicle, the loop
coil does not react to such a thing. Therefore, the loop coil
gives the signal precessing device 205 a discriminating
- function such that a vehicle'is not detected unless there is
detection output of loop coil. |
(2) The ultrasenic wave trahsmitter/receiver is installed on,
for example. the gantry 1 so a.s' to provide a detection area on
the lntermz.ttent marking 1mages 206 in order to detect a
passing vehicle. The ultrason:.c wave transmxtter/rece:.ver.
detects a '.pers;en in additi.__on_ "t'_o_.veh_icl'es, but the presence of
dirt and dlist provides the s.ame"; detecting signal as that of the -

© road surface.-.':f Even if the Iinte'rmi't'tent marking 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 thlng
Therefore, the ultrasonlc wave transma.tter/rece:.ver g:.ves the

signal process:.ng dev:.ce 205 a dJ.sch.mJ.nat.mg function such,_
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that a vehicle is noﬁ detected -unless there. is vehicle
detection output of ultrasonic wave transmitter/receiver.

(3) The microwave transmitter/receiver is also installed on,
for examplé, the gantry 1 so.as to provide a detection area on
the intermittent marking images 206 in order ﬁo detéct a
paséing vehicle; The microwave transmitter/receiver detects
vehicles or oﬁher moving objects. However, the presence of a
person, a cardboé.rd box, or dirt and dust provides the same
detecting signal as that of the road suiface.: Even if the
intermittent marking image 206 is hidden by thé reflection due
to dirt and-dﬁst, a person,.dr a cardboard'bok, and the one
dimension CCD camera 2 regards it as a vehicle, tﬁe microwave
transmitter/receiver does not. react to such a thing.
Therefore, the microwave transmitter/recgiver gives the signal
processing device 205 a discriminating function such that a
vehicle is not detected unleé"s__ there is vehiéle detection

output of microwave transmitter/receiver.
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6. 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 the road surface; optical equipment, such as a lens,.which
is mounted.to said optical array sensor; intermittent markings
which are dlsposed at fixed intervals on the road surface in .
the one dlmens10n field of v1ew of said optical array sensor;
and a signal'processingIdevice_which detects vehicles passing
throuéh 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 optiéal array sensor, and shorterfthan
the mlnlmum width of the vehicle to be detected

(3) A vehicle detectlng system accordlng to claim 1
wherein sald.vehlcle detectlng system further lncludes 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 vehlcle, a
- loop coil whlch is embedded in the road surface, an ultrasonic
wave t:ansmltter/recelver which is mounted above the.road
surface, and a mlcrowave transmltter/recelver which is mounted
above the road surface,-so that said slgnal process;ng device

detects vehlcles from the_output,s;gnal of said sensor_and the
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output signal of said optical array sensor.

(4) A vehicle detecting sjstem 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 gehsor which is nmﬁﬁlated
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 detéctihg syétem compfising, a marking
projecting device which includes a laser light éource and a
diffraction grating mounted above a ioad'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 axis in nonparallel with the optical axis of said

‘marking projecting device, and receives a one dimensién light
amount signél of said intermittent marking imageé in the lane
‘width direction frém the road surfaCeg*bptical equipmgnt, such -
as a 1eps, whicﬁ.is mounted to.said_optiCal array sénsor; and
-a signal proceséing device which detects vehiclés '.'passing
through on said foad surface by procéssing the output signal

sent from said optical array sensor.
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(6) A vehicle detecting system according  to claim 5
wherein the intermittent period interval of said intermittent
marking images is longer than the on-road period iuterval of
the picture elements of said optical array sensor, and shorter
than the minimum width of the vehicle to be detected.

(7) A vehicle detecting éystem according to claim 5
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 tire of vehicle, a loop
coil_whicﬁ is embodded_in the road surfaoe, an ultrasonic wave
transmitter/receiver which is.mounted above tﬁe road surface,
and a microwave transmittér/receiver which is mounted above the
road surface, and said signal processing device adetects
vehicles from the output signal of said sensor and the output
- signal of said optical array Sensor.

(8) 2 vehiole dotecting system according to claim 5
wherein said signai processing device detects vehicles-passing
through on said road surface by’proceSSLng the change of output
ISLgnal pattern of . pass;ng vehlcle out of the output SLgnal
patterns from sald optlcal array sensor which are modulated
intermittently by said marking imagé when no_IVehiclé, is

present.




