TI TLE OF THE | NVENTI ON SYSTEM FOR OPTI CALLY DETECTI NG VEH CLES TRAVELI NG
ALONG THE LANES OF A ROAD BACKGROUND OF THE | NVENTI ON 5 The
present invention relates to a systemfor detecting vehi ééé”rrameu ng
along a plurality of lanes of a toll road. In order ‘to collect ABFT
automatically at a tollgate to a toll road, it i's necessary to detect 10

any vehicle comng to or passing through the tollgate. A vehicl ctlng
systemis known which opti- cally detects vehicles passing algigy anes

of a toll road. As shown 'in.FIG Ilprthe SFStRE eRYBNIrION 2 0a 2 and a
plurality of optical Iine sensors 3a 15 to 3g. The gantry 2 straddles

the toll road 1, S¥STEM-FOROOPTICAELY hBEBEC@IRGt vEhitoas @RAW%IW@%LONG
sensors 3a to 3g are attached to the |ower side of the gantry 2. The
sensors 3a is | oCEHRJLANES cOF h® ROABr boundary of the |ane 4a, the sensor
3c above the boundary between 20 the | anes 4a and 4b, the sensor 3e
above the boundary between the BACKSROUNINOM THEAMNVMENTEENMSOr 3g above the
outer boundary of the |ane 4c. The sensors 3b, 3d and 3f are |ocated above
the center 3ines of thEh¢apreseat ihventianp, reéspesttwehysy@nemhdknurface
of the 25 road 1, the view field 3x of each |line sensor overlaps half
the view field 3defecting veliatesttsavebingabangoavphnrkdstyr efunder the

gantry 2, thell'¥%nes of a toll road.

In order to collect toll automatically at a
tollgate to a toll road( it is necessary to detect
10 any vehicle coming to or passing through the tollgate.
A vehicle detecting system is known which opti-
cally detects vehicles_paSsing along the lanes of a
toll road. As shown in FIG. 1, the system comprises
a gantry 2 and a plurality of optical line sensors 3a
15- to 3g. The gantry 2 straddles the toll road 1, extend-
ing across the 3-lane toll road 1. The line sensors 3a
to 3g are attached to the lower side of the gantry 2.
The sensors 3a is located above the outer boundary of
the lane 4a, the sensor 3c above the boundary between
20 the lanes 4a and 4b, the sensof 3e above the boundary
between the lanesl4b and 4c, and the sensor 3g above
the outer boundary of the lane 4c. The sensors 3b, 3d
and 3f are located above the center lines of the lanes
4a, 4b and 4c, respectively. On the surface of the
25 road 1, the view field 3x of ‘each line sensor overlaps
half the view field 3x of either adjacent sensor.

When no vehicles are under the gantry 2, the line



12- sensors 3a to 3g get the linear imges of the surface of the road 1 at
the right angle to the direction of the | anes and convert the |inear inmages
into video signals respectively. The video signals are stored in 5 a
menory device, so that the signals nmay be used as reference signals. In
this case, above the line sensors can use~-oné diTensi onal type TV caneras,
as well as projecting/receiving |ight type sensors emtting and scanning

| i ght beam 10 I n operation, the line sensors 3a to 3g get the
linear images of §Q§?§P§f§§6t8f3 h%e 1&@9 Cfﬂxgék B@eﬂpénkargaeso
signal s. These signals are conpare referenCe signals to determ ne

whether or not vehECigs Ab&dOf é@etﬁ8|f;éﬂ@daﬁglésﬁanﬁhé HQBéEEQeﬁ bg 15
on the second | ane 4b as shown in FIG 2° hi s case, the signal

generated by the ggaspanss dRgatcfvebPevenéheineateimhyBs 2htbh¢igeeond | ane
4b and the signals generated by the sensors 3c and 3e | ocated on the sides

of the sensor 3d gignadspiéspedtivelpe ch@eviaéerem?ﬁaie are sitomeldsin
generated by the sensors 3d, 3c and 3e. The basis of the difference

bet ween eadh S|gnalmemdryheeabce¢5$@ndhag théesggnalsi magl besusedd to

detect the vehicle 5. In FIG 2, S1, S2 and S3 represent the

di agrammmat i cal | y asierefgnehcei $ignals. sefni thiswhase,28bove the dipeal s

generated by the line sensors 3c, 3e and 3d differ fromthe correspondi ng

ref erence signal ssenggpectancuge dhe dimensionalstyper TV¥dcgmeyastedsSwhen
well as projecting/receiving light type sensors
emitting and scanning light beam.

10 In operation, the line sensoré 3a to 3g get the
linear images of the surface of the road 1, and convert
them into video signals. These signals are compared
with the reference signals to determine whether or ﬁot
vehicles are on the toll road 1. Assume a vehicle 5 is

15 on the second lane 4b as shown in FIG. 2. In this case,
the signal generated by the sensor 3d located above
the center line of the second lane 4b and the signals
generated by the sensors 3c and 3e located on the sides
of the sensor 3d are compared with the three reference

20 signals generated by the sensofs 3d, 3c and 3e. The
basis of the difference between each signal and
the corresponding reference signal is used to detect
the vehicle 5. In FIG. 2, S1, S2 and S3 represent the
diagrammatically the signal differing sections where

25 the signals generated by the line sensors 3c, 3e and 3d

differ from the corresponding reference signals,

respectively. The signal the sensor 3d generates when



-3- the vehicle 5 goes right below the sensor 3d has a signal differing
section which is wider than the section representing the wdth of the
vehicle 5. By contrast, the signals the sensors 3c and 3e generate 5

when the vehicle 5 travels right bel ow the sensor 3d have a signa
differing section which is just about hal f=th® section representing the
wi dth of the vehicle 5. This is because the view fields 3x of the sensors
3c and 3e each overlap half the view field 3x of the 10 sensor 3d on

the surface of th%h@o%hjia@ﬁ%toe%h‘}_ﬂ Pedlow Q%(?V%:Qn@o? S.idsihcgﬁm%ys'

Hence, the width 6 of the vehicle carm be detecte oma log pr oduct

of the signal dif&egnad WHAMINGShec?d o WHiltd Sis9Ralaed fltfld Rgesect i on

S3. 15 Unl"'ess the width 6 of the vehicle 5 1s extrenely small, it

can be accurat el yséetwnecie@ﬂewﬁahgpmmdm e thddR@hidld &1 NGy |
sections S1, S2 and the section S3. Even the width of a notorcycle, which

is rela- tively scohitrasan hhersdgnalel théelsensedsuBeand R Yenerate
notorcycle is located right bel ow any one of the |line sensors 3a to 3g. But

the convent$onal whieincithedsetdicley 5s tyiaveleny ilght HeQ olettdrd senseror3cycl e,
when a notorcycle 5a is traveling, alnost along the center |ine of the |ane
4b 25 as is ihbwet masdgnal Ei€fexingr seictioal Whighodg tjue thabodds v
between the view fields of the line sensors 3c. and 3e. If this is the
case, the signal bpfifetheysection representing the width of the vehicle

5. This is because the view fields 3x of the sensors

3c and 3e each overlap half the view field 3x of the

10 sensor 3d on the surface of the road 1 and get the
image of the vehicle 5 sideways. Hence, the width 6 of
the vehicle 5 can be detected from a logical product of
the signal differing sections S1, S2 and the signal .
differing section S3.

15 Unless the width 6 of the vehicle 5 is extremely
small, it can be accurately detected a logical product
of the signal differing sections S1, S2 and the section
S3. Even the width of a motorcycle, which is rela-
tively small, can be accurately detected unless the

20 motorcycle is located right below any one of the line
sensors 3a to 3g.

But the conventional vehicle-detecting system may
fail to detect a motor cycle, when a motorcycle 5a is
traveling, almost along the center line of the lane 4b

25 as is illustrated in FIG. 3, or virtually along the

boundary between the view fields of the line sensors 3c .

and 3e. If this is the case, the signal differing



-4- section S3 of the signal generated by the sensor 3d is large, but the
sections S1 and S2 are very snmall since the widths of signal 7 detecting a
notorcycl e 5a by the sensors 3c and 3e are snall. Consequently, the width 6
5 determ ned by processing the signals is therefore |less than the
actual width of the notor cycle 5a, or the‘nD?or'cycIe 5a may not be
detected. The system shown in FIG 1 nay detects fallen | eaves, trash or
the |i ke, which happen to be on the 10 toll road 1. 1In this case, the
syst em gener at es pkizes, fa hisG 8 eﬁgﬁé ' I haugdy ;
SEECIHRTLSCREA LS bcilg%aq' e VE‘]{‘IHI]: cﬁ% e(:i{}étte}g%i ng sng?3 edmlhsas

vehi cl es are passing under the gantry~2. T
but a | ow operatingrgel,i sl khe sEaklibnd’ sAaRGdRY) fald JdQM dnfhams {fack

onto 15 the road 1 and may spread over the surface of the road 1. The
vehi cl e- det ect i ngthgswadatHst o¢t sighalegr ufét@rcts.afqﬂ aﬁﬁkfbtﬂﬂﬂﬁ{ﬁ@%@ ﬁ)ﬁl‘lﬁ‘%
vehi cl e-detection signal. In viewof this, too, the reliability of the

conven- tional vehenkerdeBectindg3eyaremsimalilns @drsdici¥ntldP, the width 6
BRI EF SUMVARY OF THE | NVENTI ON The object of the present invention is to
provi de a Vehi cl eddtermined. byspeocesisingc theacdignilal Vi stadmarefdie Mégh h
of a vehicle, however slimthe vehicle is, and which generates no false
vehi cl e- det ect i ontBagnhe2Bctualwiwédtht ofettdet sotcanumiyte tehiSey, @ tdiee r oad,
such as a fallen leaf or trash, or a thing spread over the road, such as
earth or sand, ando®prcrycher 8homayhaothbghdetected.
The system shown in FIG. 1 may detects fallen
leaves, trash or the like, which happen to be on the
10 toll road 1. 1In this case, the system generates and
supplies a vehicle-detection signal, though no vehicles
are passing under the gantry 2. The véhicle-detecting
system has but a low operating reliability.
Earth or sand may fall from a damp track onto
15 the road 1 and may spread over the surface of the
road 1. The vehicle-detecting system detects the earth
or sand and generates a false vehicle-detection signal.
In view of this, too, the reliability of the conven-
tional vehicle-detecﬁing system is insufficient.
20 BRIEF SUMM.ARY OF THE INVENTION
The object of the present invention is to provide
a vehicle-detecting system which can accurately measure
the width of a vehicle, however slim the vehicle is,
and which generates no false vehicle-detection signal
25 when it detects a small thing on the road, such as a

fallen leaf or trash, or a thing spread over the road,

such as earth or sand, and which therefore has high



- 5- oberating reliability. The foregoing object is acconplished by _
providing a systemfor optically detecting vehicles traveling a road havi ng

a plurality | anes, the systemconprising: 5 a gantry provide at
the road so as to straddle the plurality lanes; a plurality of optical |ine
sensors provided on the gantry, for getting I5near inmages of a surface of
the road, the optical line sensors arranged in tw rows 10 and in a

staggered pattern such that each has a view field overl apping the view

filed of either ad'ace t_opti i i sensor by the sumof half the view
field and a wi dt h°BF ﬁB?oFe ¥8PLLiEKot el ectric sensor apparat us

consi sting of 15 p O%Rt ctar nts and ph qt.o: d ctor eIe nts
and havi ng opti cal axe?ﬁkhfgﬁgggénﬂanpﬁgl &5 §5§ﬁnltner aﬁ?ﬁVl

substantially lOcétggsfgmt?SrpBQEEbQTlgegFQEC% %g:&%ﬁggi%ﬁgéf%xéilng

line sensors; and a pr ocessI ng

vehicle travellngrgggeﬁ%; ?ggnﬁiﬁrhmﬁegcggg%gceﬁwe1gyygé*q: 35 f%é? t he

optical line sensors an put“signals e 'phot oefectric s

apparatus, 9y using refeggneey SFQB%.HeWQ'tCt&hEh%o%Qf Iplad 138 SSWRATe
generate when no vehicles travel under them Wth the present
i nvention can proyhéeplifakytieManes;

a plurality of optical line sensors provided on
the gantry, for getting linear images of a surface of
the road, the optical line sensors arranged in two rows

10 and in a staggered pattern such that each has a view
field overlapping the view filed of either adjacent
optical line sensor by the sum of half the view field
and a width of a motor cycle; | .

photoelectric sensor apparatus consisting of

15 photo-projector elements and photo-detector elements,
and having optical axes which are parallel to each
other and are substantially located in the position of
the view fields of the optical line sensors; and

a signal-processing section for detecting a

20 vehicle traveling under the gantry in accordance
with output signals of the optical line sensors
and output signals of the photoelectric sensor
apparatus, by using reference signals which the optical
line sensors generate when no vehicles travel under

25  thenm.

With the present invention can provide the system, .

wherein the signal-processing section includes means



wherein the si gnal - processi ng section includes neans -6- for converting

a correlation between the output signal of each optical |ine sensor and the
correspondi ng reference signal into a binary signal, obtaining a-‘logical
sum of the binary signals pertaining to the 5 optical l|ine sensors of

one row and a | ogical sumof the binary si-gn® s pertaining to the optica

| ine sensors of the other row, obtaining a |ogical produce of the two

| ogi cal sums, and determ ning, fromthe |ogical product, whether a vehicle
is traveling unde

. _Wth.th ' '
provi de the systeﬁ?%aﬁ%?g?%gﬁﬂgagfé%ﬁ g%%ﬁ%é%i?%égéggingvgﬁ bﬁgeggggﬁﬁf
' ' . ' ' | of h ti [
sensor and the corf cefeRbaEigEl PERe ot Peha LB paReRBRAIIRY g?glnai "
oL e | . . rol :
"Phe sengors of chstebEhes 626n8L %Yo SL BT EEDEELBhE1 JOobEatHENEDE: i ng

‘to the optical lifng §€£§0é§m0$ft9§%Q$fﬁ£r§0¥i?59isOﬁéﬁkgaﬂgpg thkﬁé! 20

i
produce of the two Togical suns, ereby genefating a vehic etection
signal, and det ecéptgcal Velhé! Sefboideobasheé £$thﬁdV8hl6P§cQ§t§ﬁh'8@

signal and vehicle detection signals generated by the phofoelectric _
sensors. 25 the MlhdryheighebenpertaeRth§Nt6abher eptdeatheinkst em
sensors of the other roﬁ, obtaining a logical produce
of the two logical sums, and determining, from the
logical product, whether a vehicle is traveling-under
10 the gantry.

With the present invention can provide the system,
wherein the signal-processing section includes means
for cdnverting a correlation between the output sighal
of each optical line sensor and the corresponding

15 reference signal into a binary signal, obtaining a
logical sum of the binary signals pertaining to the
optical line sensors of one row and a logical sum of
the binary signals pertaining to the optical line
sensors of the other row, for obtaining a logical

20 produce of the two logical sumé, thereby generating a
vehicle detection signal, and detecting a vehicle on
the basis of the vehicle detection signal and vehicle.
detection signals generated by the photoelectric
sensors.

25 With the present invention can provide the system,

wherein the signal-processing section includes means

for updating the reference signals to the output



wherein the signal -processing section includes neans for updating the
reference signals to the out put -7- signals of the optical |ine sensors,
whi ch indicate that no vehicles are traveling under the gantry. Wth the
present invention can provide the system further conprising a

ticket-issuing machine for issuing 5 a-toll +icket when the
si gnal - processi ng section detects a vehicle traveling under the gantry.
Addi ti onal object and advantages of the invention will be set forth in the

description which_foll art wi.ll be obvious fromthe

description, or n§§gggifoof t egpﬁé&aﬁyldPEbFFP§°5F'tW@HCWVéﬁﬁkﬂﬁte The
obj ect and advantgggi ﬁ bgilcaéﬁggkgﬂﬁgaﬁF_e reali ?53 obt ai ned by

means of the |nstrunen ties a ﬁhted out in

t he appended cl ai ns. E DES OF THE SEV VI EWs OF THE
DRAW NG The accorrpanyl ng &raheBg&%s %cgﬁé’rg‘tg# oS53 RS EFFETut e

a part of the speghghﬁgglg?mﬁklEgﬁhrgt%lgkg%egglﬁlﬂrek%rhgg.eg%pdl ﬁhiﬁgie

the invention, and togethe e general escrl ion

s, 12 S deseiapbasunl g B S ReRaY, Soer o
show ng a conventdesatteéehi vehigebCerab@13Ingt @iber the gantry.
Additional object and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
10 learned by practice of the invention. The object and
advantages of the invention may be realized and
obtained by means of the instrumentalities and
combinations particularly pointed out in the appended.
claims.
15 BRIEF DESCRIPTION OF THE SEVEﬁAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and together with the general descripfion
20 ‘given above and the detailed déscription of the
preferred embodiments given below, serve to explain the
principles of the invention.
FIG. 1 is a diagram showing a conventional
vehicle-detecting system;
25 FIG. 2 is a diagram explaining how the system of
FIG. 1 detects a vehicle traveling on a lane of a toll

road;



25 FIG 2 is a diagramexplaining howthe systemof FIG 1
detects a vehicle traveling on a lane of a toll road; -8- FIG 3is a
di agram expl ai ning how the systemof FIG 1 detects a notorcycle traveling
on the lane; FIG 4 is a plan view of a vehicle-detecting system accordi ng

to an enbodi nent of the present 5 i nventi®bn;-FIG 5A is a front view of
the systemshown in FIG 4; FIG 5B is a side view of the system
illustrated in FIG 4; 10 FIG 6 is a block diagram depicting the

si gnal - processi ng syst in the

d hi - . det t f
FIG 4 FIG 7 is a flgg;; g%ghgf"ﬁ?’ﬁﬁ‘ FHB\igﬂyé‘(rilé‘a bt eE’Pnégfhsys Gr;tms(r)\om?
[ FIG 4; d 15 agr.a al ni.n ow e.s em o
kPG. 4 neasﬁpe the ﬁfﬁgh ofgég%% orcy ?g Fggvg% SaXﬁE&“ga %ﬁ
road. DETAI LED DESCRIR}&&N gFlgH b FN@EQW PF ge %égbﬂ%b aratus

according to the 20 presen I on~ W eference

to the aCCO”Pany'ékﬁbééxﬁl%é‘Sérdfﬁ?SEBV‘Qn' EnbbEnefs 58 2hd is@estem vehi cl e-

detecting system conprises a gan , seven optlica
5 invention;

FIG. 5A is a front view of the system shown in
FIG. 4;
FIG. 5B is a side view of the system illustrated
in FIG. 4;
10 FIG. 6 is a block diagram depicting the
signal-processing system incorporated in the vehicle-
'~ detecting system of FIG. 4;
-EIG. 7 is a flow chart explaining the operatioh
of the system shown in FIG. 4; and
15 FIG. 8 is a diagram explaining how the system of
FIG. 4 measure the width of a motorcycle traveling on
a lane of a toll road.
DETAILED DESCRIPTION OF THE INVENTION
A vehicle-detecting apparatus according to the
20 present invention will be descfibed, with reference
to the accompanying drawings.
As shown in FIGS. 4, 5A and 5B, the vehicle-
detecting system comprises a gantry 2, seven optical
line sensors 3a to 3g, a photo-projector 8a having a
25 -plurality of photo-projéctor elements of photoelectric
sensor 30a, 30b, 30c, 30d, 30e, 30f, 30g and 30h and a

photo-detector 8b having a plurality of photo-detector



| ine sensors 3a to 3g, a photo-projector 8a having a 25 plurality of
phot o- proj ector el enents of photoel ectric sensor 30a, 30b, 30c, 30d, 30e,
30f, 30g and 30h and a photo-detector 8b having a plurality of

phot o- det ect or -9- elenments.of photoelectric sensor 3la, 31b, 31c and
31d, 31e, 31f, 31g and 31h. The gantry 2 stralidi®es a 3- lanes toll road 1,
extendi ng across the road 1. Above photo-projector 8a and phot o-detector 8b
constitute a 5 phot oel ectric sensor apparatus 8. As shown in FIG 4

whi ch i I ' ' 3 re .attach

one.oi de of Ttho oorehehtE GENBROFASPRRLITe RBnstt MG A% A S Al SO |
to th id th - 9 9 9c.
The sencors ab. aqiShaSiTasLY &ndYathe Sifle bnery POdGdRucd £330 o

and 3g, spaced apahebheseir pBRAY12 Qkééﬁaiggdac%%%etﬁé‘%d%] cal g

sensors 3a to 3g are arranged in a'staggered-patiern as the systemis
vi ened from abov héﬁo-pro%ectofSSShaﬂﬁ bﬁoEbGdé@édﬂaf”BBfﬁdhgﬂfﬂﬁﬁé”éﬂM
e

the sensor 3a is |located above the outer” boundary of the | ane 4a, t

sensor 3c ahove thhoboebdetyibesvnrsort Appheaeas4d.and 4b, the sensor 3e
above the boundary between the |anes 4b and 4c, and the sensor 3g above 20

the outer boundary of RAbeeshawa 4n. FIGhe4sehdiehs i3h.a Pland, fdwarthd dcaied
above the center lines of the |lanes 4a, 4b and 4c, respectively. On the
surface of the sensors 3a, 3c, 3e and 3g are attached to one side of
the gantry 2, while the line sensors 3b, 3d and 3f are
coupled to the same side of the gantry 2 by the sup-
10 ports %a, 9b and 9c:- The sensors 3b, 3d and 3f are
positioned in front of the sensors 3a, 3c, 3e and 3g,
spaced apart therefrom by a distance d. Hence, |
- the optical line sensors 3a to 3g are arranged in
a staggered pattern as the system is viewed from above.
15 As shown in FIG. 5A which is a front view, the
sensor 3a is located above the outer boundary of
the lane 4a, the sensor 3c above the boundary between
the lanes 4a and 4b, the sensor 3e above the boundary
between the lanes 4b and 4c, and the sensor 3g above
20 the outer boundary of the lane.4c. The sensors 3b, 3d
and 3f are located above the center lines of thé lanes
4a, 4b and 4c, respectively. On the surface of the
road 1, the view field 3x of each line sensor overlaps
that of either adjacent line sensor by the sum of half
25 the view field 3x and the width of a motor cycle.
As FIG. 5A shows, the photo-projector 8a is

provided at one side of the road 1, and the



r oad 1, the view field 3x of each line sensor overl aps that of either

adj acent line sensor by the sumof half 25 the view field 3x and the
width of a notor cycle. As FIG 5A shows, the photo-projector 8a’is
provi ded at one side of the road 1, and the - 10-- photo-detector 8b at

the other side of the road 1. Each photo-pro?@ctor el enments 30a, 30b, 30c,
30d, 30e, 30f, 30g and 30h opposes one photo-detector elenents 3la, 31b,
31c, 31d, 31e, 31f, 31g and 31h, across the 5 | anes 4a, 4b and 4c. The

A 20 S bt B A g 8

toward the photo-detector elenents ) _ : and
31h, respectivel yeadhephb88LpPesastE¥ éSéﬁ%E@STPUhth3bBe QBE'CgpdgxgﬁfgL

the optical line 10 sensors”3a to 3g. il Tusfrated in El B,

phot o- proj ect or e}@fFpnBag38adt 90R08ppbsthcoRBOpRoLHAHBELRB 0823 EReALEANTE
in two columms, one aligned with the optical axes of the sensors 3a, 3c, 3e

and 3g, and the os3hej 3%b, 31eligney saéh 8he,opigcahdases,OhckBesSERBOr S
3b, 3d and 3f. The photo-detector elenents 31la, 31b, 3lc, éld, 3le, 31f,

31g and 31i5 are alanegedlaj ndbhandasde. wayhaselfeftist 30arL 0368t 080el, egoal s
30a, 30b, 30c, 30d, 30e, 30f, 30g and 30h. Since the elenents 30a to 30h
and 20 3la to3@ah 30€, aBognged BOhvemitchightl beams Bkeyowardethe
detect the bunpers of a car and the rearview mrrors

photo-detector elements 31la, 31b, 31lc, 31d, 31le, 31f,

31g and 31h, respectively. The light beams 8x

intersect with the optical axés of the optical line

10 sensors 3a to 3g.

As illustrated in FIG. 5B, the photo-projector
elements 30a to 30h of the photo-projector 8a are
arranged in two columns, one aligned with the opticél
axes of the sensors 3a, 3c, 3e and 3g, ‘and the other

15 aligned with the optical axes of the sensors 3b, 3d and
3f. The photo-detector elements 3la, 31b, 31lc, 31d,
3le, 31f, 31g and 31h are arranged in the same way as
the photo-projector elements 30a, 30b, 30c, 30d, 30e,
30£, 30g and 30h. Since the elements 30a to 30h and

20 3la to 31h are arranged in verfical columns, they serve
to detect the bumpers of a car and the rearview mirrors
of a héavy-duty vehicle.

As shown in FIG. 6, the optical line sensors 3a to
3g and the photoelectric sensor apparatus 8, comprising

25 of a photo-projector 8a and a photo-detector 8b, are

connected to a signal-processing section 21, which is

connected to a ticket-issuing machine 22 installed at a



of a heavy-duty vehicle. As shown in FIG 6, the optical |line sensors 3a to
3g and the photoel ectric sensor apparatus 8, conprising 25 of a

phot o- proj ector 8a and a photo-detector 8b, are connected to a

si gnal - processi ng section 21, which is connected to-a ticket-issuing
machine 22 installed at a toll gate. The séttion 21 processes the signals
generated by the sensors, generating data representing the image of the
vehicle 5a. The data is supplied to the ticket machi ne 22. The nachi ne 22

prints a ticket 5tollg§@e§heT§éS§§cgioﬁh 1981-3-804 ESEHSSF&heagiCket' How

t he vehicl e-detecting”system descri bed abo operates wl &scri bed

with reference tqgéﬁ@kéf@&/Egafﬁe0£eﬁ%6%s7-%éﬁefggiﬁggﬁéFﬁfﬁggrggéh@ghgghe

optical line 10 sensors 3a to 3g get [ihear |mag e surfrace

the toll road 1 jusd umdgs 6f thewelle14i 980 srH8alatal 18bgupphiiBRAko
| mages represent the condition of the road 1 when no vehicles gre traveling

in the view fiel dshoftitket hhathige SBPSOrshéamaéhfie Ihepyrifes ASticket
signals are supplied to the signal -processing section 21 and stored therein

as referen®e sigrat stlistleps P )of Cthe data syndefssGeputhentdckekyi ce, the
optical line sensors 3a to 3g get the linear inmages of the surface of the
road 1 and vehicl es, iHownghepwshiolez@etectiindesysben degcrébedr abdwet 0
3g. The video signals are supplied to the signal-processing section 21
(Step A2). operates will be described with reference to the flow
chart of FIG. 7.
At the start-up of system, the optical line
10 sensors 3a to 3g get linear images of the surface of
the toll road 1 just under of them. The video signals
of above linear images represent the condition of the
road 1 when no vehicles are traveling in the view
fields of all the line sensors 3a to 3g. The video
15 signals are supplied to the signal-processing section
21 and stored therein as reference signals (Step Al).
Once the system is put into service, the optical
line sensors 3a to 3g get the linear imageé of the
surface of the road 1 and vehicles, if any, passing
20 under the line sensors 3a to 3§. The video signals are
supplied to the signal—proceésing section 21 (Step A2).
The section 21 compares the signals with the reference
signals, thereby obtaining the correlation between each
video signal and the reference signal generated by the
25 ‘same line sensor (Step A3).

Further, the correlation between each video

signal and the reference signal is compared with a



fhe section 21 conpares the signals with the reference signals, thereby
obtaining the correl ati on between each video signal and the reference

signal generated by the 25 same |ine sensor (Step A3). Further, the
correl ati on between each video signal and the reference signal is conpared
with a - 12 - predeterm ned threshold val 88. Fhe correlation is

converted to a binary signal "1" if it is less than the threshold val ue,
and converted to a binary signal "0" if it is equal to or greater t han t he

th hold 5 I St reshol d value has n deter- m ned
frgﬁftao factorsvs?%ge F@En FBFngoiH ve 38i||&b SofHTE ?ﬁﬁ?:ﬁ naLs

h , d f t ; t
representing the 88Hve9£éh09005 nga£oag éﬁainqlt e on ac Br I S uﬁder

change whi ch each vi deo SIrgnal &n a“vefi

the iine sensor. éﬁéttheeggagaa{,ﬁiug,Oanaoeanwge& gogfsg'b% g&ag {4 1

t he video signal s generate ne sensors € an

obt ai ned (Step A5)gnFygt Iﬂgrlsaehgﬂlcﬁb 6g”g§ﬁartgﬁre%hl%'nn‘i:®é %lﬁ%&&?and 3t

pertaining to the video signals~generate the line sensors

I's obtained (Stepvdbhe (SEEPEAL)IDt PheCYRkBsABIHI FUAT HARNBIAE dhIEAS
line of the second | ane 4b, entering the overlapping parts of the view

fields of the |ingiseaserém3ewo38adbors. aPHe3€irat ifacdtdrists ard in FIG
8. In this case,
stability of the video signals representing the con-
dition of the road 1, and the second factor is the
change which each video signal undergoes when a vehicle
10 passes under the line sensor.

Next, a logical sum of four binary signals
pertaining to the video signals generated by the line
~sensors 3a, 3c, 3e and 3g is obtained (Step AS5). |
Further, a logical sum of three binarY'signals

15 pertaining to the video signals generated by the line
sensors 3b, 3d and 3f is obtained (Step A6).

Assume a motor cycle 5a travels along the center
line of the second lane 4b, entering the overlapping
parts of the view fields of the line sensors 3c, 3d

20 and 3e, as is illustrated in FIG. 8. 1In this case,
the video signal generated by the optical line sensor
3d has a signal differing éection, i.e. region of the
above binary signal "1", S3. The section S3 represents
a width greater than the width of the motor cycle 5a.

25 This is because the line sensor 3d is located right
above the motor cycle 5a. Meanwhile, the video signals.

generated by the line sensors 3c and 3e have signal



the video signal generated by the optical |line sensor 3d has a signal
differing section, i.e. region of the above binary signal "1", S3. The
section S3 represents a width greater than the width of the notor' cycle 5a.
25 This is because the line sensor 3d is | ocated right above the notor
cycle 5a. Meanwhile, the video signals. genetdted by the |ine sensors 3c
and 3e have signal - 13 - differing sections, i.e. regions of the above
bi nary signal "1", S1 and S2 shown in FIG 8. As conparison between FIG 8

and FIG 3 may recig’f?fer%%ﬂé%&éi&@, ?gé%f‘?ﬁeg%'é’ﬁg Qfet?{x&raﬁp% bifiaggetions

S1 and S2 of the al s gener e conventiona

vehi cl e-detectin MadNigi e; Vi figldsydx l,ne
sensors 3c and 3%%%’2%?@%1151 o%‘%)??ﬁﬁ%&}s?eﬁfs{offga gy tﬁg S\AB{QP%Q%FB?he

motor cycle 5a opdtifestiFAEE Ofanderi@! | 3rRA¢ fevéR1l henbOadcEibhacss the
right edge of 10 . the viewfield of the sensor 3c and the left edge of

the view field ofaddiesFeic®rgesatee ehamsthel seoetonbt H1t BAdr sghbfagHel ef t
sides of the notor cycle 5a, respectively. Hence, when the

si gnal - progessi ngixprdl®ngeredated iwbthe nsonvénticnhl sushotlei-detestingl s
of lirne sensor 3c and 3d, there will be detected a region of "1" which has
a wdth corresporgifsigeri 0 tTieisv il lbedaude theovieycitebdsaBf offii the line
nonentarily exists in the view fields of the optical |ine sensors 3c and
3e. sensors 3c and 3e overlap that of the line sensor 3d by
the width of the motor cycle 5a on the surface of the
toll road 1. On the road surface, the right edge of
.10 the view field of the sensor 3c and the left edge of
the view field of the sensor 3e are almost aligned with
the right and left sides of the motor cycle 5a,
respectively.
Hence, when the signal-processing ‘'section 21
15 obtains a logical sum of video signals of line sensor
3c and 3d, there will be detected a region of "1" which
has a width corresponding to the width of the motor
cycle 5a and which momentarily exists in the view
fields of the optical line sensors 3c and 3e.
20 Then, a logical product of the logical sums
obtained in Steps A5 and A6 is obtained (Step A7).
As a result, the width 6 and position of the vehicle
(i.e., motor cycle 5a) can be accurately measured by
the result of step A7.
25 As shown in FIG. 4, the line sensors 3b, 3d and 3f

are spaced from the line sensors 3a, 3c, 3e and 3g by

a distance d, by means of the supports 9a, 9b and 9c.



20 ' Then, a | ogical product of the |ogical suns obtained in Steps
A5 and A6 is obtained (Step A7). As a result, the wwdth 6 and position of
the vehicle (i.e., notor cycle 5a) can be accurately nmeasured by the result

of step A7. 25 As shown in FIG 4, the line sensors 3b, 3d and 3f
are spaced fromthe |ine sensors 3a, 3c, 8e &fd 3g by a distance d, by
nmeans of the supports 9a, 9b and 9c. - 14 - Therefore, that part of the

vi deo signal which represents a fallen leaf, trash or the like lying in

only one side of ﬁgréfgkg oghggo¥gr?db§ ﬂgpro %8§sg%4%} W%Fn ors will be

cancel ed out by obtainin sumns

acquired in Steps, rés né@ Tgaileﬁhiﬁé?Pg?ESEQhB#h%%ngF%%}%$u$%% Mohi ol e

accuracy. The dlst may be muc

5 or the notor CYthy5éneTQ§He btk £1o1eBEChBote W HoahNCI NS U

under the gantry 2 will exist, though nonentarily, in e Vi ew

any two adj acent théeséﬁaa%sw&ngbe éSﬂé@léd?’éu%n%y?’Bbt%‘i@ﬁ?{gst%@ and 3c,
and so on). The video signals generated by the two adjacent |i'ne sensors

will not 1% brogasst! pdowtien bheth@guaghcaméuﬁ@ Qlc 1§ €0 Gin Frepss

acquired in Steps A5 and A6 i s obtained no region of "1" is detected as

the result of | oghSaandah6ul arhas,i theheehhole &ien Hé detecktedeiwdrch
accuracy.

The distance d may be much shorter than the length
of the vehicle 5 or the motor cycle 5a. Then, the

10 vehicle or motor cycle passing under the gantry 2 will
exist, though momentarily, in the view fields of any
two adjacent line sensors (e.g., sensors 3a and 3b,
sensors 3b and 3c, and so on). The video signals
generated by the two adjacent line sensors will not

15 be canceled when the logical product of the logical
sums acquired in Steps A5 and A6 is obtained.

If no regibn of "1" is detected as the result of
logical calculation in the above Step A7, it is deter-
mined that no vehicles are traveling on the lane 4a, 4b

20 or 4c (Step 8). If this case,-i.e. NO in Step A8, the
operation goes to Step A9. 1In Step A9 the reference
signals are updated (Step A9). The operation then
returns to Step A2.

If YES in Step AS; that is, if a region of "1*

25 is detected, it is determined that a vehicle may be

traveling under the line sensors or something may

spread over the road 1. 1In this case, the operation



m ned that no vehicles are traveling on the |ane 4a, 4b 20 or 4c (Step
8). If this case, i.e. NOin Step A8, the operation goes to Step A9. In
Step A9 the reference signals are updated (Step A9). The operation then
returns to Step A2. If YESin Step A8, that is, if a region of "1" 25

is detected, it is determned that a vehiel elsay-be traveling under the

| ine sensors or sonething may spread over the road 1. In this case, the
operation - 15 - goes to Step A10. In Step AIO, signals of the

hot oel ectric sengor _a t us are_ch ked .speqgi fically, if al
Bhoto det ect or elgﬁgﬁtg f eP3f§°~31& % §f§b fﬂp §§S ceive t he
| i ght beans 8x It t exl sts under
sensors to |nterc889t° le IQ% %egﬁg 8x%%%? 3%3 faﬁﬁbt ec&@FQ I'éa‘lerrents

3la, 31b, 3lc, gﬁeéﬁ?igiaﬁ an3§§ld?RBQF ﬁ%%% %%rtgﬁeﬁ %ﬁ%ﬁs

is deternmined a ve s un N€ Sensors, erceptln V 10

east one |ight bges $ia(Ssqa ANk abft MRy EeSlelbeiihe. tﬂ

phot oel ectric sensor 'appafatus ‘8 detects vehi cl e, ratlon goeé to

Step All. Is Stepifl kg Hbtb%n&?ﬁe@r ﬁb‘&ﬁ‘inbhékﬂs% h?ﬁ'e‘i“ fe 15n gd%te?lgo‘::':% by

the line sensors 3a to I's sonmething fallen an sprea ng on
toll road 1, and tbethEQ"E:é@Q:ethbgllibﬁtab%aﬂl@d%txed I enPYralphitolnen

returns to Step A2.
detector elements 31a, 31b 31c, 31d, 31le, 31f and 31g
do not receive the light beams 8x, it is determined a
vehicle 5 exits under the line sensors, intercepting at
10 least one light beams 8x (Step Al0).

If NO in Step Al1l0, that is, if the photoelectric
sensor apparatus 8 detects no vehicle, the operation
goes to Step All. In Step All, it is determined that
the region of "1" detected by the line sensors 3a to 3g

15 is something fallen and spreading on the toll road 1,
and the reference signals are updated. The operation
then returns to Step A2.

If YES in Step Al0, that is, if the photoelectric
sensor apparatus 8 detects a vehicle 5, the operation

20 goes to Step Al2. 1In Step Al2, the signal-processing
section 21 supplies a signal indicating the entry of
the vehicle 5, to the ticket-issuing machine 22
installed at the tollgate. 1In this case, the reference
signals are not updated. If the reference signals are

25 -updated, there will arise the possibility that a
vehicle may not be detected in the subsequent process- .

ing of video signals.



If YES in Step Al10, that is, if the photoelectric sensor apparatus 8
detects a vehicle 5, the operation 20 goes to Step Al2. In Step Al2,

t he signal -processing section 21 supplies a signal indicating the entry of
the vehicle 5, to the ticket-issuing nachine 22 installed at the tollgate.
In this case, the reference signals are net dpdated. If the reference
signals are 25 updated, there will arise the possibility that a vehicle
may not be detected in the subsequent process- ing of video signals. -
16 - Upon receipt the framthe naI section 21, th

' I
ticket-issuing nachine3§§%?§§&§?pg £ fﬂﬁgess %ﬁgQQﬁaRﬁﬂﬂqﬁ?i?9
erefore pass oy e
?gffggfg I?hﬁgepa€%9$%§ gethéFeF?g%gls 8&PgiHE£§HﬁF?G£% &5 5e Sdet ect ed
as a solid body heyagggatgnghg dE pdih o3 P%ebgaédM%(§1d¥E%er§?ter t han

t he val ues determ ne y the posi |ons O5¢ e optl e Sem: ?§:3a to 3g
10 and the po té opggof pBa egt gl |
detail, photo- pro?ec and Sggectgéeikegen oD %@E&%&cﬁ ghé %P%DP
Even a vehigle haﬂhggtgl§g§gg wi dt h, such as a notor cycle, can be
detected, and its wi dth can be accurately measured. If small things such 15
as a fallen leaf or r @5lishagngn ven16a R treALE i WY Gabitiny
detected as vehicles. Further, “sand

can be detected as a solid body having a width, length

1g.

and height which are greater than the values determined
by the positions of the optical line sensors 3a to 3g

.10 and the positions of the photoelectric sensor apparatus
8, in detail, photo-projector and detector elements 30a
to 30g and 3la to 31g. Even a vehicle having a small
width, such as a motor cycle, can be detected, and its
width can be accurately measured. If small things such

15 as a fallen leaf or trash happen to be on the road 1,
they would not be detected as vehicles. Further, sand
or earth spreading, covering an area on the road 1,
would not be detected as a vehicle. The vehicle-
detecting system can operate reliably, detecting

20 vehicle traveling under the gantry 2 with high accuracy.

As has been described, the view field 3x of each

line sensor overlapé that of either adjacent line
sensor by the sum of half the view filed 3x and the
width of a motor cycle, on the surface of the toll

25 road 1. Hence, when a narrow vehicle such as a motor
cycle passes right below a line sensor, entering the

overlapping parts of the view fields of the two



or earth spreading, covering an area on the road 1, would not be detected
as a vehicle. The vehicle- detecting systemcan operate reliably, detecting
20 vehicle traveling under the gantry 2 with high accuracy. As has been
described, the view field 3x of each |ine sensor overlaps that of either

adj acent |line sensor by.the sum of half thelWiew filed 3x and the wi dth of
a notor cycle, on the surface of the toll 25 road 1. Hence, when a
narrow vehi cle such as a notor cycle passes right below a |line sensor,

et avel y-ad) adBAE PREGeRgyRe e A8 gt L oA e b8 1 deo
can acourat ol y abi PArFagEy aate Mot Radnale {10 AR | A00es dinerp) T
Generated by, redae. opalia Wit el sLeiIEAG.CoRE B Sl bl T e

Sensor | ocat ed At SRIO0Ear: B oht Aoy arte RN (i B e

e sensogs 3b. \IALAG 3kl MR 0lbnl B NNl BhAMADDENRGTS 32

3c, 3e and 3g and spaced therefrom the dis anyt hi ng shorter than

2 ol Ching. 15 CTE0Y VSRR Sifhads WEH Bit GRS By ket gt ect
tively, the line sensor located right above the vehicle,
the line sensor located at an upper-left position, and
the line sensor located at an upper-right position.

10 _ Moreover, since the line sensors 3b, 3d and 3f are
positioned in front of the line sensors 3a, 3c, 3e and
3g and spaced therefrom by the distance d, anything
shorter than the distance d is never detected as a
vehicle. The system would not detect & small thing

15 like trash as a vehicle at all.

As indicated above, the light beams which fhe
photo-projector elements emit toward the photo-detector
elements intersect with the optical axes of the optical
line sensors. Comprised of the photo-projector 8a with

20 plurality of photo-projector elements and photo-
detector 8b with plurality of photo-detector elements,
the photoelectric sensors apparatus 8 can detect the
height of any object that is found to be a vehicle by
means of the optical line sensors. If the height is

25 less than a motor cycle or a car, that object is
determined to be a thing fallen onto the road, such as

sand or earth. This serves to increase the operating



As indicated above, the |ight beans which the photo-projector elenents emt
toward the photo-detector elenents intersect with the optical axes of the
optical line sensors. Conprised of the photo-projector 8a with 20

plurality of photo-projector elements and photo- detector 8b with plurality
of photo-detector el enents, the photoel ectri ¢8sensors apparatus 8 can
detect the height of any object that is found to be a vehicle by neans of
the optical line sensors. If the height is 25 | ess than a notor cycle

, that object_jis,det iped to, b t.hing. fall toth d,
such as sand or oEPLRAPTAIEYCRE, KBS, ¥epic S 0eteRE 00 FARERD-. - 1o -
liabilit f th hi.cl - det ecti t As d i hed , th
bresent | mventi on can BRodraE aovEnARPYBaotS: PRECEPE AOVRATGH L &R Mot cct
lid object icle it i i di b, I t.h d
hei gnt ., a1 great BEOYLEY' & BehiptaZalbbeEtnd By ek ilach crp; SRE9GE The
optical |ine sensghssgndat Bg;8ael bk oRsyahitie FROLAR! BHELE BAESA!wiach
apparatus, i.e. photo-projector elenents and photo-detector el ements, ahd

whi ch can tdier ef oy@ngeheghdVRBighes WiNg2later BhER BREUGAGYedNHeter- -
reliability. Additional advantages and nodifications wll readily occur to

those skilled in migedrby therpbsitiohBeokN¥REt bplitAli 13nbr 8ad8Hrasaaat S
is not limted to the specific details and representative enbodi nents
the positions of the photoelectric sensor apparatus,
i.e. photo-projeétor elements_énd photo-detector
elements, and which can therefore detect vehicles with
10 high accuracy and reliability.

Additional édvantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specifié details and representative embodiments

15 shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalent.



15 " shown and described herein. Accordi ngly, various nodifications may
be made without departing fromthe spirit or scope of the general inventive
concept as defined by the appended cl ainms and their equival ent. - 19 -
CLAIM5S 1. A systemfor optically detecting vehicles traveling a road having
a plurality lanes, said systemconprising-519 - a gantry provide at
the road so as to straddle the plurality lanes; a plurality of optical |ine
sensors provided on said gantry, for getting linear inmges of a surface of
the road, said optical |ine sensors arrang&iﬁ;n fwo 10 rows and in a
staggered pattern such that each has a vie gg%nfwerlapflﬂgl$he Vi ew
filed of either adjacent optical, li sensar_ by t sum p al.f. the view
field and a width Jof arlrfot g\r Sé’%c eg‘, ot eI ERTI% {%%%%‘fué%p‘gﬁlytq}%s

consi sting of 15 - Rr Qj.eaGt ar. n Ahot.a- det ect ar, el eent s,
and having opticaFrgxggg&%ighgggg %gygkﬁgﬁ k@ugggﬁﬂa?%ﬁﬁ%ékiﬁﬁﬁg sy%?%m
substantially | ocahf r&giFBq position of the view fields of said optical

| i ne sensors; and a Signal “processing section for detecting a 20

Sai d optical Tine sencer SemerYo Bl IS A R PO o R oo
appar at us, the plurality lanes;

a plurality of optical line sensors provided on
said gantry, for getting linear images of a surface of
the road, said optical line sensors arranged in two

10 rows and in a staggered pattern such that each has a
view field overlapping the view filed of either
adjacent optical line sensor by the sum of half the
view field and a width of a motor cycle; |

| photoelectric sensor apparatus consisting of

15 photo-projector elements and photo-detector elements,
and having optical axes whiéh are parallel to each
other and aré substantially located in the position of
the view fields of said optical line sensors; and

a signal-processing section for detecting a

20 vehicle traveling under said gantry in accordance
with output signals of said optical line sensors and
output signals of said photoelectric sensor apparatus,
by using reference signals which said optical line
sensors generate when no vehicles travel under them.

25 2. A system according to claim 1, wherein said
signal-processing section includes means for converting

a correlation between the'output signal of each optical

L




by using reference signals which said optical |ine sensors generate when no
vehi cl es travel under them 25 2. A systemaccording to claim1l
wherein said signal-processing section includes neans for converting a
correl ati on between the output signal of each optical - 20 - line sensor
and the correspondi ng reference signal into i mary signal, obtaining a

| ogi cal sum of the binary signals pertaining to the optical |ine sensors of
one row and a |l ogical sumof the binary signals pertaining 5 to the
optical line sensqrs of _th t ow, . Qht ai ni.n roduce of. the

, | .ogi cal
Dvo | ogi cal  sums, AR AEPEPE A 15e Pl B TR AT = Uit eh
vehicle is travel 5”81?1'&‘13/ s3@nd 1920 i -ng“asﬁ%}ae{@daafcé’l{rﬁ“cf@ dre Cﬂi%{é‘ﬂrl}z
Si'gnal -p udes ting

wherein said 10 océdsing section in neans for conve

a correl ation bet \gﬂigﬁatlt%e QURY ; ig;g'%%l e SR nat E%‘% ;%ér}?sn%g]a%&&gégl e

correspondi ng referénce sfbnal Intd a binary~sig

sum of the binaryrgiydaaks aPabladcANGul® de HPH iGRry |1y Yerti 15
e Opt I Ca ne

row and a | ogical sumof the bBinary signals pertaining to t

sensors of ghe ot ker theWophdcalbliading B@&ndor@JicFltHY Wlsr Ko hOBEMining
| ogi cal sums, thereby generating a vehicle detection signal, and detecting

a vehicle on the hagsbgiehlt peodaliecbd Zhe twolAloRfildadN i laRNdet@ircCl e
detection signals generated by said photoel ectric sensors.
. mining, from the logical product, whether a vehicle is
traveling under said gantry.

3. A system according to claim 1, wherein said

10 signal-processing section includes means for converting
a correlation between the output signal of each optical
line sensor and the corresponding reference signal into
a binary signal, obtaining a logicallsum of the binsry
signals pertaining to the optical line sensors of one

15 row and-a logical sum of the binary signals pertaining
to the optical line sensors of the other row, for
obtaining a logical produce of the two logical sums,
thereby generating a vehicle detection signal, and
detectin; a vehicle on the basis of the vehicle

20 detection signal and vehicle detection signals
generated by said photoelectric sensors.

4. A system according to claim 1, wherein said
signal-processing section includes means for updating
the reference signals to the outpnt signals of said

25 optical line sensors, which indicate that no vehiclés
are traveling under said gantry.

5. A system according to claim 1, further

* c L M S *




4. A systemaccording to claim1, wherein said signal-processing section

i ncl udes neans for updating the reference signals to the output signals of
said 25 optical line sensors, which indicate that no vehicles are
traveling under said gantry. 5. A systemaccording to claim1, further -
21 - conprising a ticket-issuing machi ne for 2ilssating a toll ticket when
sai d signal -processing section detects a vehicle traveling under said
gantry. 6. A systemfor optically detecting vehicles 5 travel i ng al ong

the | anes of a road, substanti al.,l s.herei nbefore descrihed with reference
to FIGS. 4 to 8 of OPREIZIEGBanyFhEEaiatiagg nachine Yor lssulng a toll

ticket when said signal-processing section detects
a vehicle traveling under said gantry.
6. A system for optically detectihg vehicles
5 traveling along the lanes of a road, substantially as
hereinbefore described with reference to FIGS. 4 to 8.

of the accompanying drawings.
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