AJTOVATI C DEBI TI NG SYSTEM SUI TABLE FOR FREE LANE TRAVELI.NG

BACKGBQUND OF THE | NVENTI ON 1. Field of the Invention The
pr esen} sivention relates to an automatic debiting - systemfor
automatically debiting (including prepaynent by prepai d cards and
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The present invention relates to an aqtométic' debiting
system for automatically debiting (including prepayment by
prepaid cards and settlement by IC cards or credif cards) tolls
against vehicles traveling a toll road, etc., or vehicles
passing through a tollgate.

2. Description of the Related Arts

A variety of sYstems have hitherto been proposed in order to
debit tolls against vehicles traveling a toll road. Fig. 2
illustrates an external appearance of such a system disclosed in
Japanese Patent Laid~open Pub. No. Hei 4-34684.

A vehicle 10 is shown just about to enter a tollgate. Entry
of.the vehicle 10 into the tollgate'is optically detected by
vehicle separators 12 and 14.provided'at the entrance of the
tollgate, and an automatic +toll collector 30 is informed of the

' ﬁstection. To-also optically detect the entry of the vehicle 10,
Hvehicle separators 16 and 18 are disposed on a downstream side of
.the vehicle separators 12 and 14. These two pairs of wvehicle -
separators 12, 14 and 16, 18 cooperate with each other so that
when a plurality of vehicles 10 enter the tollgate in tandem,
individual vehicles can be separated and that the direction of
entry of the entered vehicles can be properly recognized.

On the downstream side of the vehicle separators 16 and 18

overhang detectors 20. and 21 are further disposed as well as vehi-
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passi ng through a tollgate. 2. Description of the Related Arts A

variety ofsgystenms have hitherto been.proposed in order to debit tolls
agai nst,;- wehicles traveling a toll road. Fig. 2 illustrates an external
appearance of such a system disclosed in Japanese Pat ent Lai d- open Pub.

No. Hei éi%4?§§gth getﬁc@o¥ hbi'SEéO hg Sgﬁgﬂt gP%Bt ﬁ%ﬁ 113/

tollgate e ve |cIe intéd I'S optlca y det ect ed
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det ect i oputp@t abE0tREt bfakhingebeebctbesendr unaf 2bhe trehiaiitomdbic toll
collector 30 detects the presence or absence of the front over-
hang of the vehicle 10 to identify the types of wehicles (identi-
fication of whether the vehicle 10 is, for example, a bus or
car). The automatic toll collector 30 also detects the length
of the vehicle 10 (vehicle length) on the basis of the output of
the vehicle length detectors 24 and 26. A camera 28 is located
on a downstream side of the vehicle length detectors 24 and 26,
and photographs a front number plate or license plate of the
vehicle which is entering the tollgate. |

In the case of this system, the vehicle driver pays the toll
in cash to the automatic toll collector 30 when the vehicle 10
reaches the collector 30. The instant the toll is colleéted,
downstream toll bars 32 and 34 are opened. On the downstream
side of the toll bars 32 and 34 two pairs of vehicle separators
36, 38 and 40, 42 are situated, serving to prevent following
vehicles from passing through the toll bars 32 and 34 without

" paying tolls while the bars 32 and 34 are open.

For the execution of such system, however, a tollgate must
be provided for permitting incoming vehicles to pass through one
by one. To provide such a tollgate, the toll road needs to be of
the interchange type, not a main road type.- This will limit the
place where this system can be executed to a place allowing
provision of the interchange. Also, provision of the tollgate

wi}l necessitate additional costs for installation, maintéenance,
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vehi cl e separators 16 and 18 are di sposed on a downstream si de of t he
vehicle separators 12 and 14. These two pairs of vehicle separators 12,
14 Zand ;6 18 cooperate with each other so that when a plurality of
vehicles 10 enter the tollgate in tandem i ndi vi dual vehicles can be

L
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provision of the tollgate may give rise to traffic jams, since

the tollgate blocks high-speed passage therethrough. Particular
attention must be paid to application of the above-described toli
debiting system to superhighways so that the introduction of the
toll debiting system does not bar high-speed traffic which is an
original object of providing the superhighways. However, a toll-
gate is indispensable to the above debiting syétem. If the
provision of the tollgate inévitably results in the occurrence of
traffic jams, it would be difficult to apply the above debiting
system to.superhighways.

One of the major objects when providing the tollgate lies in
secure debiting against each vehicle and in detection of vehi-
cles paying no tolls. In the above-described prior art example,
the éntry of a vehicle, the direction thereof, the type of the
vehicle, the vehicle length, etc., are detected and identified
by the optical means arranged on each tollgate. The detection
and identification by use of such means owe to the fact that each
lane is provided with one tollgate. With similar optical de-
tecting means (e.g., photoelectric switches) were arranged across
a plurality of lanes, it would be impossible to distinguish and
separate a plurality of vehicles moving side by side. For this

reason, it hitherto been impossible to do'away with the tollgate.

SUMMARY OF THE INVENTION
A first object of the present invention is to enable a
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2 tle length detectors 24 and 26, each serving to optically detect the
entry. of the vehicle 10. In accordance with the output of the overhang
detectors»ZO and 22, the automatic toll <collector 30 detects the presence
or absence of the front over- hang of the vehicle 10 to identify the types

of vehi Glescdigdeptios {bRaE1AR % paekR srggglgeaéegetéa | forf Obx8H ?E@ a

bus or ‘car). The autonatic toll coIIec etecfs the l'eng
the vehigh etHO €488 ékefkeaglaheoerhbelbaﬁéﬁeofchéhﬁleyam:yoaf iraﬁl&iabcl e

| ength detectors 24 and 26. A canera 28 is |located on a downstream side of
t he vehigt®véengifledbiesidesindaapluz@lity of lanes.
| A second object of the present invention is to obviate a
tollgate by the implementation of the above functions of
separately detecting the vehicles traveling side by side.

A third object of the present invention is, as a result of
ob&iating the tollgate, to allow an automatic debiting system to
be provided on a main road without requiring interchanges, as
well as to ensure easier and inexpensive execution thereof.

A fourth object of the present invention is, by use of radio
techniques in addition to the obviating of the tollgate, to debit
tolls against vehicles and to confirm the debit, thereby enabling
both the collection and the detection of illégal vehicles (such
as vehicles éaying no tolls) to be executed irrespective of
high~-speed traveling of the vehicles.

A fifth object of the present invention is to execute both
the toll collection and the illegal vehicle detection while the
vehicles are traveling at high-speed, thereby preventing the
occurrence of a traffic jam.

A sixth object of the present invention is to improve wvehi-
cle detection means and processing as well as the arrangement of
the means, thereby enabling a plurality of vehicles traveling
side by side or in tandem to be separately detected at higher
precision and higher speed.

A seventh object of the present invention is to eliminate

degd spots in detection, by improving detection means and
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“and photographs a front nunber plate or license plate of the vehicle which

I S. entenlng the tollgate. | In the case of this system the vehicle
drirver pays the toll in cash to the automatic toll collector 30 when the
vehicle 10 reaches the coll éctor 30. The instant the toll is collected,

dO\AﬂS{gi-SéEl:,E%b B wedd A (3t AGMYRRht Chddipgdownstream side of the

toll bars 32 and 34 two pairs of vehicle separators 36, 38 and 40, 42 are
situated, aar éhgﬁtho ojRe ol AnedWreGenty dhiventaon A8 RS drihid)r augh the

toll bars 32 and 34 wi thout paying tolls while the bars 32 and 34 are

open. accurateFofjuldgmesvtecwifi orthef tgpels SyE emehielessr, by t Prd@ai@ingist
improved vehicle detection means and processing and improved
arrangement thereof. |

A ninth object of the present invention is to accurately
execute the judgment of the positions and types of vehicles and
to detect speeds of the vehicles so that illegal vehiclés can
be photographed at appropriate timing.

A tenth object of the presént invention is to facilitété
the identification of illegal vehicles by an improved data
processing method.

SUMMARY OF THE INVENTION

According to a first aspect éf the present invention, there
is provided an automatic debiting system comprising first a gan-
try disposed so as to span a road having a predetermined number
of lanes; a second gantry disposed so as to span the road on the
downstream side of the first gantry in the vehicle advancing
direction; debiting means arranged on the fifst gantry for radio
communication with vehicles tfaveling on the road to impose tolls
tﬁereon; debifing confirmation means arranged on the second
gantry for radio communication with the vehicles traveling oh the
road to confirm that tolls have been correctly imposed thereon;
passage position detection means for detecting passage positions
in the lane crossing direction of the vehicles traveling on the
road;

photography point decision means for deciding points to be
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. be provided for permtting i ncom ng vehicles to pass through one by one.
To provigde such a tollgate, the toll road needs to be of the interchange
type, not a main road type. This will limt the pl ace where this system
can be executed to a place allowing provision of the interchange. Al so,
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firmations have not been obtained that at least tolls have been
correctly imposed thereon; and illegal vehicle photography means
for photographing the points to be photographed which have been
determined by .the photography point decision means.

According to a second aspect of the present invention, there
is provided a method of debiting comprising the steps of execut-
ing radio communication for imposing tolls on a vehicle between a
first gantry disposed so as to span a road having a predetermined
number of lanes and the vehicle'traveling on the road; executing
radio communication for confirming that tolls are ﬁormally im-
posed on the vehicle between second gantry, disposed_so as to
span the road and arranged on a downstream side of the first
gantry, and the vehicles traveling on the road; detecting a pas-
sage ﬁosition in the lane crossing direction of the vehicle
traveling on the road; determining the points to be photographed
in accordance with the passage position in the lane crossing
direction so as to phetograph at least the vehicle from which
confirmation that the toll has been normally imposed thereon has
qot_been obtained; and photographing the points to be photo-
graphed determined by the photography point determination means.

In the present invention, the first and the second
gantries are arranged so as to generally span a plurality of
lanes. The second gantry is positioned on the downstream side
of the first gantry when viewed along the flow of the vehicles.

The system of the present invention is further provided with
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provi sion of the tollgate may give rise to traffic jans, since the

tol | gate bl ocks hi gh-speed passage therethrough. Particular attention nust
be paid To application of the above-described toll . debiting systemto
super hi ghways so that the introduction of the toll debiting system does

rhi gy e i ntrodu the toll
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the occurrence of traffic jans, woul d be difficult to apply the above

debi ti nga1 sy&heRLEOpRBRBERBHAYANEans. TheOdRbAftinke mMeRng adjafigled Wit the

providing the tollgate lies in '
first gantry communicates with the vehicles passing along the
road to impose tolls on the vehicles (debiting). The debiting
confirmation means arranged on. the second gantry communicates
with the vehicles passing along the road to confirm whether the
debiting has taken place normally or not (debiting confirmation).
The passage position detection means detects the passage posi-
tions in the lane crossing direction of the wvehicles passing
along the road. Then, at least the vehicles which have not
undergone the normal debiting are photographed. Which vehicle is
to be photographed as an illegal vehicle is determined by use of
the passage position in the iane crossing direction detected by
the passage position detection means.

.In the present invéntion, in this manner, the debiting is
performed through the communication between the debiting means
and the vehicles, and hence there is no need for the users to
insert the tolls in cash into the toll collectors. Furthermore,
the debiting confirmation is.performed through communication
between the debiting confirmation means and the vehicles, to
photograph the illegal vehicles, and hence there is no need to-
provide tollgates for barring the passage of the illegal vehi-
cles. Moreover, the specification of the illegal vehicles is
performed on the basis of the passage pésitions in the lane
crossing direction which are detected by the passage position

detection means, and therefore even in the presence of a plurali-

L
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secure debiting agai nst each vehicle and in detection of vehi- cles paying
no tolls. In the above-described prior art exanple, the entry of a
vehicle, %he direction thereof, the type of the vehicle, the vehicle

| ength, etc., are detected and identified by the optical neans arranged on
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across nes, it woul e inmpossible to distinguish and
separ at & ¢hididalddry Ké y@&aﬁé@élméwc@éde blcSbE@ing2y, t #he photdRa-

hitherto been inpossible to do away with the toll gate.
phy of the illegal vehicles and the attendant processing (for
example, report of the illegal vehicles) can be accurately car-
ried out. |

Also; in the present invention, a series of functions such
as debiting, debiting confirmation, and violator detecfion can
be implemented without providing tollgates, and hence the au-
tomatic debiting system can be implemented on the main road, and
not on the interchanges. It is also possible to debit against
the vehicles free lane traveling along the plurality of lanes.
This will result in easy and inexpensive execution of the
automatic debiting system. With the obviating of the toilgates,
the debiting and the debiting confirmation are carried out by the
radio communication with the vehic;es, whereuﬁon high~-speed
traveling of the vehicles can be dealt with, thus preventing the
occurrence of traffic jams.

For the detection of the vehicle passage in the present
invention, use is first made of a plurality of detection élements..
embedded for each lane in the iane crossing direction, secondly
of a light and shade pattern formed on the road, and thirdly of
the triangulation using photo sensing technique.

First, consideration will be given of the use of the detec-
tion elements. The detection elements can be, by way of exam-
ple, inductors such as loop coils. When the vehiéle passes 6ver

the inductors, the variety of magnetic materials constituting
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SUMVARY OF THE | NVENTI ON ‘A first object of the present inventionis to
enabl e a 4 plurality of vehicles to

be separately detected, for exanple, in the case of free | ane travel where
the plurality of vehicles travel side by side in a plurality of I|anes.

A second object, of the resggt jnvention is to obviate a
the vehicle causes the inductance of the inductors to vary, thus

resulting in the change of the output signal values (amplitude or
phase) of the indudtors. If a plurality of detection elements
having such a nature, fhat is, such that output signal values
Varf when the vehicle passes through the vicinity thereof, are
embedded for each lane, the passage position of the_vehicle in
the lane crossing direction can be recognized at a needed resolu-
tion in accordance with the positions of the detection elements.
Even though the plurality of vehicles travel side by side, irres-
pective of the spacings therebetween,'the passage positions of
these vehicles can be separately detected vehicle by vehicle, by
performing analysis based on the output of the inductors.
Further, by comparing the output signal values of the detec-
tion elements whose output signal values have changed with the .
output signal values of the other detection elements, the type of
the passing vehicle can be identified. When for example, only a
single inductor exhibits a change in output signal value, but the
other inductors adjoining or in prokimity'to it exhibit no change
of output signal values, the passing vehicle can be regarded as
a vehicle having a narrow width such as a motorcycle.
Conversely, if a change of the output signal value appears in the
plurality of inductors adjoining 6r in proximity thereto, the
passing vehicle can be regarded as a vehicle having a wide width
such as an automobile. The identification of the vehicle type
can be done using other techniques, but the utilization of the
detection elements can implement at the same time, the passage

position detection in the lane crossing direction and the vehicle
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toll gate by the inplenentation of the above functions of separately

detecting the vehicles traveling side by side. A third object of the
present rnvention is, as a result of obviating the tollgate, to allow an
aut omatic debiting systemto be provided on a main road without requiring

ther eof V98- 18R cpapnipp.c FBTRoGRE"bY. g%efim@aq{’%ﬁs”%ﬁé%"# e ; adi o
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agai nst to confirmt enab I ng
col | ect;pgs8fgt Berdeteehl £anobel h\b%ahc&ﬁ?'h%b‘i§ (ié%‘é?fmi?fedve“' cles paying

no tolls) to bé executed irrespective of

In order to perform this wvehicle type. identification by
relatively simple means when carrying out the - vehicle type
identification by use of the detection elements such as induc-
tors, the following method a change has appeared in the output
signal value of the inductor, it is judged whether the output
signal value after change is a relatively small value or a rela-
tively large value. Then, for the inductor of which an output
signal value after change is a relatively_small value, it is
estimated that the vehicle which has passed through its vicinity
is a lightweight vehicle having a relatively small mass.
Conversely, for the inductor of which output signai value after
change is a relatively large value, it is estimated that the
vehicle which has passed through its vicinity is a heévyweight
vehicle having a relatively large mass. In other words, the
passage detection in the present invention is performed utilizing
the two kinds.of sensitivity, and the identification of the vehi-
cle type is performed of the combination of the detection results
by the two sensitivities. | '

| The utilization of the results of the passage detection by

the two kinds of sensiti&ity will ensure an accurate estimation
of the passage positions in the lane crossing direction.

For example, assume a vehicle which has passed through the
vicinity of a first inductqr.has'been estimated to be a light-

weight vehicle. Also assume that a vehicle passing through the
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hi gh- speed travel ing of the vehicl es. A fifth object of the present

inventign is to execute both the toll collection and the illegal vehicle
detectlen while the vehicles are traveling at high-speed, thereby
preventing the occurrence of atraffic jam A sixth object of the
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inventi§feisnd® K&EHEBA €he two inductors is less than the reference
distance, it is considered that the vehicles which have passed
through the vicinities of the two inductors are one and the same.
Therefore, by making use of, for example, the positions at which
the inductors are embedded, the timing at which the output sign-
als values vary, etc., for the execution of quadric curve approx-
"imation, the position, in the lane crossing di:ection; at which
the vehicle passed through the vicinities of the two conductors
can be more accurately estimated. If it is difficult to execute
the quadric curve approximation due té-the deficient number of
inductors detecting the same wvehicle, then alternative approxima-
tion points may be found for the déficient number of approxima-
tion points in accordance with the timing at which the'output
signal changes appear form any inductors. If the distance bet-
ween the two inductors is larger than the reference distance, it
can be estimated that the vehicles which have passed through the
vicinities of the two inductors are separate vehicles.

In the case of the existence of a plurality of inductors in
pfoximity to each other exhibiting signal variations, as a result
of a vehicle passing through the vicicities thereof, that in-
dicate that the vehicle is a heavyweight vehicle,. the passage
position in the lane crossing direction, of this wvehicle can be
estimated in accordance with the positions of these inductors,
and the timing of the change of the output signal values.

By utilizing the results of the passage detections using
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‘dead spots in detection, by inproving detection neans and

5 processing as well as the arrangenent thereof. An ei ghth object of
t he presént invention is to ensure an accurate judgnent of the types of
véhi cles, by providing inproved vehicle detection nmeans and processing

and, | mproved. 42" [ NgEERL LhLeOty oy 1o Aolbdhl et ot Paptlrd i P RSN
a plurality of vehicles traveling in tandem. In this case, it is
a problem of how to distinguish the pldrality of vehicles travel-
ing in tandem from a single vehicle having a longer length.

In both the case of a plurality of vehicles traveling in
tandem and of a single vehicle having a longer length, the output
signal values of the inductors first change into relatively small
values and into relatively large values, and then temporarily
change into relatively small values and again into relatively
large values. Compared with the initial transitional time
during which the outpuf signal values change for the first time
from the relatively small values into the relatively large wval-
ues, the intermediate transitional time during which tﬁe output
signal values change for the second time from the relatively
small values into the relatively large values is longer for the
plurality of vehicles in tandem, but is shorter for the single
vehicle having the longer length. Accordingly, by detectlng'the
initial transitional timé and the intermediate transitional time
and comparing them, the two cases can be distinguished from each-
other.

A method of detecting the passage poéitions in the 1ané
crossing direction of the vehicles includes not only the method
of utilizing the detection elements but also a methoa of making
use  of the light and shade pattern formed on the surface of the
road. In the absence of the vehicles lying on this light and
shade pattern, the images obtained'by photographing the light

and shade pattern contain the images representing the light and
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execute the judgnment of the positions and types of vehicles and to detect

speeds of the vehicles so that illegal vehicles can be photographed at
approprlate tim ng. A tenth object of the present inventionis to
facilitate the identification of illegal vehicles by an inproved data

processiadaiehAer P‘thWhen vehic§QN¥%B¥e§F TEE LNYE g&%ﬂeé‘an s Aesgs di ng

to a first aspect o resent | nven ere IS pr mati c
debi ti ngagyakam %@@r@s@&c@ b¥t thel¥BhichkywdhiPa3etusd ahe A iy dhd oad

havi ng a predetern1ned nunber of |anes; a second gantry di sposed so as to

span t hgha@adpatteita in the images. Therefore, based on the disturbance
of the light and shade pattern in the images being photographed,
the passage of the vehicle over the light and shade pattern can
be detected. Also, the points at which the disturbances have oc-
curred can be detected as the vehicle passage positions. 1In the
case of the use of fhe 1ight'and shade pattern in this manner,
the difference in reflectivities between the "light" parts and
the "shade" parts.may be utilized for calibration of the photog-
raphy and detection of the light and shade pattern, thereby
reducing the influences of the variations in sunshine or the
occurrence of shaded portions.

The means for photographing the light and shade pétterﬁs
are preferabiy disposed at positions allowing the photography of
the vicinities of the boundaries of the lanes. Such an arrange-
ment will reduce the dead spots in detecting the vehicle passages
by use'of the light and shade pattern. More specifically,'in the
case of a vehicle having a higher height‘such as a double-decker
bus, traveling in the middle of the lane together with a vehicle
having a lower height sqch as a motorcycle traveling Q}ongside,
proper detection of the passage of the vehicle having the lower
height can be ensured.

In the present invention, alternatively, a light emitting
device and a photo receiving device my be used for position
detection. The light emitting device emits the light onto the

road, more specifically, onto the white line crossing the lane.

13 ThlS Sheet Has Been Replac




déwnst r
debi_tin
vehircl e

eam side of the first gantry in the vehicle advancing direction;
g nmeans arranged on the first gantry for radio comunication wth
s-traveling on the road to inpose tolls thereon; debiting

confirmati on neans arranged on the second gantry for radi o conmuni cation

with th
correct
passage
on the
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i npdsed thereon;” passage position deteCtion nmeans for “detecting
rBaal broRhe Wehibkaed PE the0TVad dieyecthrnith Hhe %&'@ﬂdﬂ%‘ivﬁté ng
0 be

road; photography point decision freans for “deciding points

lane crossing direction and by emitting the light at descrete
points of time using the light emitting device, the position at
which the vehicle crosses the white line on the road and the
width theie of can be detected without using the black and white
pattern. Therefore, the position detection can be performed with
less suffering the rain, dust or the like.

In the present invention, the speeds of the vehicles which
have passed under the first gantry are detected and the photo-
graphing timing is regulated in accordance with the detected
speeds. Accordingly, the photography of the license plates is
executed at appropriate timipg according to the wvehicle speeds.

.Then, in the present invention, the results of the
communication between the debiting meéns and the vehicles are
correlated with <the vehicleé photographed by the illegal
vehicle photographf means by the vehicle specification means.
This will allow correct énd easy specification of the illegal
vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and feétures of the
present invention will become more apparent from the following
detailed description when read in conjunction with the accompany-
ing drawings wherein like elements are referenced by like numer-
als, and wherein: |

Fig. 1 is a perspective view showing an exfernal

appearance of a system according to an embodiment of the present
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6 phot ographed in accordance with the passage positions in the |ane -

crossing direction so as to photograph vehicles from which con-

firmations

have not been obtained that at |least tolls have been correctly inposed
t'hereon; and illegal vehicle photography neans for photographing t he
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nventloRtrngre S prOV|ded a met hod of debiting conprising the st eps of

execut ga

Fig. 2 1is a perspective view showing an external

appearance of a system according to a prior art example, particu-

larly, in the vicinity of a tollgate:;

arranged on the first and second gantry:

Fig. 3 is a side elevafional view showing equipment

Fig. 4 is a diagram depicting, by way of example, an ar-

rangement of loop coils;

Fig. 5 is a diagram depicting another arrangement of the

loop coils:;

Fig. 6 illustrates by way of example an arrangement of

line scanners:;

Fig. 7 illustrates an example of'the arrangement of the

line scanners:;

Fig. 8 1is a block diagram representing a functional

configuration of a local controller;

Fig. 9 i1is a block diagram representing a functional

configuration of an in-vehicle unit (IU);

Fig. 10 1is a block diagram representing a functional

configuration 6f a loop-type vehicle presence detection unit:;

Fig. 11 is a block diagram representing a functional

configuration of a 1line~type vehicle presence detection

section;

Fig. 12 is a flowchart showing a flow of overall processing

in this embodiment;

Fig. 13 is a flowchart showing a flow of debiting

I
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ing radi o comunication for inposing tolls on a vehicle between a first
gantry di sposed so as to span a road having a predeterm ned nunber of

| anés and the vehicle traveling on the road; executing radio comunication
for confirmng that tolls are normally im posed on the vehicle ‘between
second gantry, disposed so as to span the road and arranged on .a
downst r PARFSEEANEF the first gantry, and the vehicles traveling on the

TR T I b T o RECCIA ML Mg B = K COE B
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photographing a number plate or license plate, in which (a)
shows a planar positional relationship among vehicles, loop

coils, camera capture zones, and debiting confirmation antenna
coverages, (b) shows signal timing where the vehicle is a bus or
a large-sized truck, (c) shows sigﬁal timing where the vehicle
is an automobile or a small-sized truck, and (4d) shows signal
timing where the vehicle is a motorcycle:

Fig. 15 is a diagram representing a principle for
identifying the types of véhicles by use of the loop-type
vehicle presence detection section having outputs of high and low
sensitivity, in which (a) shows a positional relationship between
the loop coil and the vehicle, (b) shows an output waveform of
the loop coil, (c) shows a high sensitivity output waveform, and
(d) shows a low sensitivity output waveform;

Fig. 16 is a diagram representing a principle for identify-
ing the types of vehicles by use of the lipe-type vehicle pres-
ence detection section, in which (a) shows a positional relation-
ship between a line and vehicles, (b) shows the contents of data
derived from a line scanner in the absence of the vehicle on the
line, (c) shows the contents of data obtained by the line scanner
in the presence of a white vehicle on the line, and (d) shows the
contents of data obtained by the line scanner in fhe presence of
a black vehicle on the line;

Fig. 17 is a conceptual diagram for explaining a first
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confirmation that the toll has been normally inposed thereon has not been
obt ai ned; and phot ographing the points to be photo- graphed determ ned by
t he pho#ography poi nt determ nati on neans. In the present invention,
the first and the second gantries are arranged so as to generally span a

pl ur al of Ianes The second ntry is positioned on the domnslrean15|de
of thepI’%/’F?td Ny V; gﬂ'ﬁg}ec pesiitdAny d udgmendh, RHARESS P syst em

of the pres%nt |nﬁﬁpt|0%|é%dgg3%y%i %E%Gf%%gfgklhexplaining a second

procedure constituting the vehicle position judgment
processing, in particular, showing an example in which the
judgment results in an automobile:;

Fig. 19 is a conceptual diagram for explaining a second
procedure making up the vehicle position judgment processing,
in particular, showing an examble in which the judgment results
in a motorcycle;

Figs. 20 to 29 are conceptual diagrams each explaining a
third procedure making up the vehicle position judgment
processing; -

Fig. 30 i1is a flowchart depicting an ove:all flow of

- vehicle center position judgment processing:

Fig. 31 is a flbwchart, depicting a flow of high
sensitivity fall processing in the vehicle center position
judgment processing:;

Fig. 32 is a flowchart depicting a flow of low sensitivity
fall processing in the vehicle center position judgment
processing:;

Fig. 33 1is a flowchart depicting a flow of high
sensitivity rise processing in the vehicle center position
judgment processing;

Fig. 34 is a flowchart depicting a flow of low sensitivity
rise processing in the wvehicle center position judgment

processing:;

Fig. 35 1is a flowchart representing a flow of vehicle

—_—
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7- debi ting nmeans, debiting confirmati on neans, passage position detection
means, photography position decision neans, and ille- gal vehicle

phot'ogr aphy neans. The debiting neans arranged on the first gantry
‘conmuni cates with the vehicles passing along the road to inpose tolls on
t he vehicles (debitingé. The debiting confirmation neans arranged on the
second YRRESY cHNGORLREL cBTOGRER1RGe {BhFREesvRRLSIAg GPBAGTt hROSddd D
confirnlwgether t he degit[ng has taken place normally or not (debiting
confi r RHTYRSDt BRRSPEREUFE position detection neans detects the passage

posi- tionspih theelapg grprslOfaft’ £6p+E0eRt148% CRIGHCS RS Yl e
center possibility examination processing in the vehicle center
position judgment processihg; |

Fig. 37 . is a flowchart representing a £flow of guadric
curQe approximation processing in the véhicle center position
judgment processing;

Fig. 38 is a flowchart representing a flow pf processing
for correlating vehicles which have passed by with the results
of communication in order to ensure secure identification of
illegal vehicles;

Fig. 39 is a perspective view showing another ekample of the
external appearance of the system, especially in the vicinity of
the first and secoﬁd gantries;

Fig. 40 is a perspective view showing an external'appearance
of a system according to a third embodiment of the invention,
particularly, in the vicinity of first and second gantries;

Fig.. 41 is a perspective view showing an external appearance
of a system according to a fourth embodiment of the invention,
particularly, in the vinicity of first and second gantries;

Fig. 42 is a schématic view showing a configuration of a
distance sensor and positional relationships between the distance
sensor and ‘a measurement range in the fourth émbodiment;

Fig. 43 illustrates the principle of detecting a position
and a width of a vehicle accordihg to the fourth embodiment:

Specifically, (a) shows how the position sensor scans in the lane
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al ong the road. Then, at |east the vehicles which have not undergone the
normal debiting are photographed. Wich vehicle is to be photographed as

an®illegal vehicle is determned by use of the passage position in the
'ane crossing direction detected by the passage position detecti on neans.
In the present invention, in this manner, the debitin per f or ned

t hr ougﬁr9ﬁ§ie9§nﬁ}r¥%ll% pRdastustdoning ilighteamdt ﬁ'ﬂg FEFevEdNg and
h t. d f I hy t t the t || h to th
Lol | cBRPRBRSRs OPrdr (IO Laath e | (F) SHIRHS Fa it anSe SRR
thr OUQh co?gu LG ng eéhv&eeafbéer}x%ed ¥ WY iR Q" w'fﬁat'és AN e

vehi cl &
shows a judged result by éomparing the distance detection result

of (b) with a criterion; (b) shows a distance detection result
indicating the presence of the vehicle on the white line; and (e)
shows a judged result by comparing the distance detection result
of (4d) with the criterion}

' Fig. 44 shows an arrangement of the distance sensor in the
crossing direction;

Fig. 45 shows an arrangement of the distance sensor in the

) vehicle advancing direction;

Fig. 46 shows another arrangement of the distance sensor in
the vehicle advancing direction;

Fig. 47 is a flowchart showing the sequence of detecting the
position and width of the vehicle;

Fig. 48 is a perspective view showihg an external appearance
of a system according to a fifth embodiment, pérticularly, in the
vicinity of first and second gantries; and

Fig. 49 shows an arrangement of line scanners and loop coils

~when the iris of line scanners is controlled by corresponding

loop coils.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A preferred embodiment of the present invention will now
be described with reference to the accompanying drawings.

(1) System Appearance

Referring first to Fig. 1, there is depicted an external
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phot ograph the illegal vehicles, and hence there is no need to provide
toll gates for barring the passage of the illegal vehi- <cles. Mreover, the
specification of -the illegal vehicles is perforned on the basis of the
passage positions in the lane <crossing direction which are detected by the

passage position detection neans, and_ therefore even in the presence of a
pl ur al i Appearance of an automatic debiting §y§§e%fapgﬁggiggdepothgn

first and,seaond oo thes AN LD IS S80Ron LS DS SR S £3 BRE i8Sk
ty of first and second gantries. This embodiment includes no
tollgates. In place of the toligates there are provided a first
gantry 44 and second ganfry 46 each spanning a plurality of lanes
(six lanes are shown). That is, the system of this embodiment
is carried out on a main road without providing any interchanges.
Naturally, the present invention may also be applied to a single-
lane road. ‘

Vehicles 48 are free lane traveling from the upper left of
the diagram toward the lower right. The first 44 and second 46
gantries are disposed upstream and downstream, respectively, in
the advancing direction of the vehicles 48. The distance between
the first 44 and second 46 gantries is determined depending on
the legal speed limit of the vehicles 48 to be detected. More
specifically, for at least vehicles 48 traveling slower than the
legal speed limit, the distance is so set as to complete process-
ing such as debiting, debiting confirmation, and illegal vehicle
identification by the time the vehicles 48 pass under the second
gantry 46 after the passage under the first gantry 44.

On the spanning portion of the first gantry 44 are
arranged debiting antennas 50 and enfordement cameras 52. The
debiting antennas 50 are each provided for each of the lanes, and
communicate for debiting with fhe vehicles 48 (more precisely,
with their IU's 62 which will be described later) traveling on
the dorresponding lanes. The enforcement cameras are each used

to photograph license plates of the vehiclesl48 traveling on the

i
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vehi cl es can be separately detected. Accordingly, t he photogra- phy of the
i1l egal vehicles and the attendant processing (for exanple, report of the
[IFegaI‘vehicIes) can be accurately car- ried out. Al so, in the
present invention, a series of functions such as debiting, debiting

Cont! TBALOT AR, "LRD AGABSHOF o R BPLECOLAL LT BRUBEPT oVt 0

on PoafBbab8 iy D <R oRhnblE, 1L £1A065E addab 8l RopaEmaDl € L0

lanes. pudBbssyi! | f‘ﬁ:?‘ﬂhérinaré?st‘héngbjQ@i‘p@é‘%é/epl%%g'faﬁﬂe&f ikhgot
restricted to the license plate. That is; to identify the type
of a vehicle, parts other than the license plate may be photo-
graphed. Alternatives may include a front or rear view of the
vehicle, or the vehicle driver; Such arrangement of the
enforcement cameras 52, so there are more cameras than lanes,
will ensure a substantlally enhanced horizontal resolution by
integrating all the enforcement cameras 52 irrespective of a
reduced number of pixels in the horizontal direction of individu-
al enforcement cameras 52.

Together with lighting units 54 not shown in Fig. 1, the
enforcement cameras 52 are positioned, for example, 5.7 meters
above the surface of the road (see Fig. 3). The enforcement
cameras 52 and_associated lighting units 54 are located, for
example, 0.5 meters downstream from the debiting antennas 50.
Although not shown, the debiting antennas 50 are directed direct-
ly below or slightly upstream for radio communication with the
IU's 62. The enforcement cameras 52 are arranged in such a
manner as to be able to-photograph license plates of the vehicles
48 which have passed over loop coils 60 described later. More
specifically, depressions of the enforcement cameras 52 are soO
set that the license plates of rhe-vehicles 48 enter capture
zones 500 at a point of time after the vehicles 48 have passed
over the loop coils 60. It is to be noted that the arrangement

positions of the enforcement cameras 52 must be determined de-
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-automatic debiting system Wth the obviating of the tollgates, the
debiting and the debiting confirmation are carried out by the radio
‘cotmuni®tation with the vehicles, whereupon high-speed traveling of the
vehi cl es can be dealt with, thus preventing the occurrence of traffic

j ans. , For the detection of the vehicle passage in the present

i nventPERA1iRG oRsthe, Bpshbiensf of Ehﬁrk???yc@glﬁeﬁget?Eﬁ-eléﬁﬂnﬁ%“aenbedded

for each lane in the | apne crossing_direction, secondl of a light. and

shade. TRRPSR oF oFREVERLEHES  9hc, AREOTIIRGIY. oFhe: RBYPFPaRGRIAGATIRLRS ng

Photo s£nslDobeghBigUbe provialh'Sh +AO"SLUSAG  boReHY' koD Fr¥eNsghd e
ing units 54 throw light onto at least their respective camera

capture zones 500.

On the spanning portion of the second gantry 46 are
debiting confirmation antennas 56 and line scanners 58. In the
same manner as the debiting antennas 50, the debiting
confirmation antennas 56 are ihdividually associated with each
of the lanes, and communicate for debiting confirmation with the
IU's 62 of the vehicles 48 traveling on the corresponding lanes.
In order to eliminate dead spots, as will be described later, the
_number.of the line scanners 58 to be arranged is n + 1 for n
lanes. As is apparent from Fig. 3, the debiting confirmation
antennas 56 and the line scanners 58 are disposed at the same
level as the debiting antennas 50 above the surface of the road.
Communication zones 502 of the debiting éonfirmation antennas 56
are also set so as to allow communicafion with the IU's 62 on the

_ vehicles 48 at a point of time after the vehicles 48 have passed
over the loop coils 60.

Arranged on the road side are the loop coils 60 which are
coils embedded in the ground and whose embedded positions are
indicated by rectangular frames in Fig. i. In response to the
passage of the vehicles 48 (more generally, magnetic materials)
thereover, inductances of the loop coils 60 vary. Thus, the
passage of the vehicles 48 can be detected by detecting changes

of voltage amplitudes or phases which may appear in the oufputs

e —
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tion elenents. The detection el enents can be, by way of exam ple,
i nductors such as loop coils. Wen the vehicle passes over the inductors,
thé varfety of magnetic materials constituting
9 the vehicle causes the inductance of the inductors to vary, thus
the outp si gnal . val ues hase

[ ti i h h
oot heo P onhe: bper° FPLIS, B0 4 epdsRdheresish EPEi‘r@ﬁé’Q’qghS% {Babgeahacs®

nat ure

whlfgtsugplyggg % ern%ﬁgys %ﬁ%ﬂ%&svgl o the loop coils 60. The

loop coils 60 are embedded at predetermined points between the

first gantry 44 and the second gantry 46, each lane being embed-
ded with twp or more loop coils. For example, three loop coils
60 may be disposed within one lané as shown in Fig. 4, or four
loop coils 60 may be placed as shown in Fig. 5. The use of such
a multiplicity of loop coils 60 for each lane will contribute
effectively to detection of vehicle passage positions at higher
resolutions in a lane crossing direction. In other words, by
detecting which.loop coils 60 have their outputs varied, it is
possible to defect the passage positions of vehicle 48 at a high
resolution. Moreover, based on patterns of variations in outputs
of the loop coils 60, it is possible to recbgnize the type of the
vehicle 48 which has passed over those loop coils 60. It will
be appreciated.that the loop coils 60 may be embedded on the
downstream side of the second gantry 46.

A line 64 is further provided on the road side, and this
can be used as an alternative to the loop coils 60. The line 64
is composed of an alternate pattern of black-and-white at prede—
termined intervals. The line scanners 58 are disposed on the
second gantry 46 in such a manner that they are capable of photo-
graphing the line 64. 1In the absence of vehicles 48 on the line
64, images photographed by the line scanners 58 show the black-
and-white pattern. When the vehicles 48 pass across the line 48,
the black-and-white pattern of the images will be obscured.

Therefore, from the state of this observing, it is possible to
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vary when the vehicle passes through the vicinity thereof, are enbedded
for each | ane, the passage position of the vehicle in the |ane crossing
di recti on can be recogni zed at a needed resolu- tion in accordance wth
the positions of the detection elenments. Even though the plurality of

e O i o e BSLOE ofr W R
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to perform calibrations for the 1mp1ementat10n of detection
independent of environmental factors.

The 1line 64 extending across the lanes is formed, for
example, of paint of alternate black and white at predetermined .
intervals. This will contribute to inexpensivé formation of the
1ine 64, but will instead require relatively frequent main-
tenance (such as repainting). Alternatively, the line 64 may be
formed, for example, of ceramics plates or_tiles. This will
lead to longer duration.than the paint and save labor associated
with maintenance. Also, a difference in-refiectance between
white tiles, etc., and the surface of the road is usually larger
than the difference in reflectance between the black and white
paint, and hence black tiles, etc., need not be employed. In .
addition, the line 64 may be comprised of reflectors. Due to
larger reflectance, the reflectors will more positively ensure
effects similar to the case of the tiles and the like. In addi-
tion, the line scanners 58 may be fitted with lighting units and
receive light reflected from the line 64. -
The line scanners 58 are positioned in such a manner as

shown in, for example, Figs. 6 and 7 where four line scanners
58 in total are provided for three lanes. With the number of
line scanners 58 being ﬁ + 1 for n lanes in this manner, the
vicinities of lane separating lines would be allowed to fall

within the capture zones 504. In the example of Figs. 6 and 7,
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the passing vehicle can be identified. Wen for exanple, only a single

I nductor exhibits a change in output signal value, but the other inductors
adjoinifig or in proximty to it exhibit no change of output signal val ues,
t'he passing vehicle can be regarded as a vehicle having a narrow w dth
such as a notorcycle. Conversely, if a change of the output signal value
appear ¢hen kipe %ﬂanmq yihiage, factho carablei fifthyide-angleBhatiqararhet o,

t he pa55|2%5¥eh|o}e can Be r gﬁrded as vehi cl e having a-wide width such
as an q @djoifing EINEE? prye, oveaia qgﬁ??ﬁe%ﬁﬁﬁ?

using Qer RGeS e dd S e 128 Qe Dac e Lol SRt S can
apart from shoulders approximately 1.1 meters corresponding to
the width of the motorcycle plus slight margins. Such an ar-
| rangement of the line scénners 58 will allow accurate detections
of motorcycles traveling beside a vehicle of larger height, such
as a double-decker bus.

Disposed at the side of the road is a local controller 66
serving to control the equipment mounted on the first 44 and
second 46 gantries, and making use of this equipment to obtain
transaction reports therefrom. The local controller 66 receives
commands from a system central controller 68 (see Fig. 8) situ-
ated some distance away and transmits the transaction reports to
the system central controller 68.

(2) Functions of System Components

Referring to Fig. 8 there is depicted a functional
configuration of the local controller 66 for three lanes. In
the case of an increased number of lanes, additional components
are correspondingly provided. For simplicity of representation,
a single local controller 66 is provided although in the actual
system a plurality of local controllers 66 are typically under
the control of one system central controller 68.

The local controller 66 comprises an antenna controller
(ANTC) 70 for controlling debiting antennas 50. The debiting
antennas 50 are individually provided for each of the.lanes, and

therefore three debiting antennas 50 are required for the three
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position detection in the |l ane crossing direction and the vehicle
10 type identification. Mreover, by utilizing the result of the vehicle
type identification, the passage position in the lane crossing direction

can be nore accurately det er m ned. I'n order to performthis vehicle
type i ntlflcatlon relativel e nmeans when carrying.out .t

vehi cl |cﬁﬂﬁ|$¥§%ﬁ+?ﬁlﬁﬁt a%f éh%r%é?%%¥|5ﬁe IEﬂeanmQHBHQ§§e

i nduc-

with the IU 62 mounted on a vehicle 48 for the purpose of
debiting. For communication with the IU 62, the ANTC 70 re-
ceives commands from a general control section 7. The ANTC 70
processes information obtained as a result of the communication
and then supplies it to the general controi section 72.

The IU 62 has a configuration, by way of example, such as
shown in Fig. 9. The IU 62 is a unit attached to a windshield
(for example, below a rear view mirror) of the vehicle 48. As
shoﬁn, the IU 62 includes an antenna 74, a radio section 76, a
reader/writer 78 and a control section 80. The antenna 74 is an
antenna for radio communication with the debiting antennas 50 and
with'debiting confirmation antennas 56. Using the antenna 74,
the radio section 76 performs signal communication with the 1oca1_
controller 66. The reader/wfiter_?B is used to write informa-
tion into an IC card 82 called a smart card and read information
from the smart card 82. In response to power-on, etc., the
control section 80 executes mutual authentication between the
smart card 82 and the IU 62, and then controls the operation of'
the IU 62. In the case where the IU 62 is additionally provided
with a display, subsequent to debiting confirmation communica-
tion, the control section 80 allows the balance of the smart card
82 to appear on a screen of the display.

Referring back to Fig. 8, the 1local controller 66
comprises a loop-type vehicle detection section 84. The loop-
type vehicle detection section 84 includes three loop-type

vehicle detection units 86, each corresponding to each of the

2 6 :__._..__.__ e -
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tors, the follow ng nethod a change has appeared in the output signal

val ue of the inductor, it is judged whether the output signal value after
change i‘s a relatively small value or a rela- tively large value. Then,
for the inductor of which an output signal value after change is a

G L R s R gﬁﬁiﬁ#‘ahﬁegﬁﬁ?ﬁ%tmﬁ%%'??%ﬁwit P Tt
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change s are | arge val ue

?2;5&??\5/%?&(?&8“9}? th8 UbELBbbinatnd NEANYVC!HHY 19680 € e Wﬁi@lé‘
y large mass. rds,
detection units 86 each serve to detect that the vehicle 48 has
passed over the associated loop coils 60 and feed the results to
the general control section 72.

Fig. 10 depicts a functional configuration of the loop-type
vehicle detection unit 86. For simplification of representation,
the configuration is shown corresponding to one loop coil 60.

In the loop-type vehicle detection unit 86, alternating current
signals output from an oscillation section 88 are power amplified
through a power amplifier section 90 and then supplied to the
loop coil 60. 1In response to the passage of the vehicle 48 over
the loop coil 60, the inductance of the loop coil 60 is in-
creased, resulting in a raised voltage at both ends of the loop
coil 60. 1In parallel with the loop coil 60 a detection resistor
92 is connected, by which a variation in the inductance of the
loop coil 60 is detected in the form of a change in voltage. The
results of detection by the detection resistor 92 are processed
by a detector controller (DETC) 94, and then supplied to a
couple of comparators 96 and 98. The comparators 96 and 98
compare two respective thresholds which have been set at values
different from each other with the output of the DETC 94. The
results of comparison are transferred as signals indicating the
passage of the vehicle 48 to the general control section 72.
Hereinafter, the thresholds associated with the comparators 96

and 98 are referred to as high sensitivity and low sensitivity
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-passage detection in the present invention is perfornmed utilizing the t wo

kipds of sensitivity, and the identification of the vehi- <cle type is
perforned of the conbination of the detection results by the two
-Zen5|t|V|t|es. The utilization of the results of the passage

et ect,ion he 1 f seps a
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aSSL”mééﬁEEtfbfﬁy &ﬁ& PewnsSLafsi BiouEy blieputs. It is to be appreciat-
ed that a variation in inductance may be detected as a change in
phase although it is detected as a'change in voltage in the
circuit of this diagram.
| The local controller 66 depicted in Fig. 8 further
comprises a line-type vehicle detection section 100. Similar
to the loop-type vehicle detection section 84, the line-type
vehicle detection section 100 is means for detecting the passage
of the vehicle 48 and supp;ying the results to the general con-
trol section 72.

Fig. 11 depicts a functional configuration'of the line-
type vehicle detection section 100. As shown, the line-type
vehicle detection section includes a line scanner controller 102,
line scanner data read sections 104, a vehicle detection section
106, a calibration section'108, a line scanner iris control
section 110, and an interface section 112,

The line scanner controller 102 supplies power to the line
scanners 58 and imparts clocks thereto for their operations.
In response to the clocks, the line scanners 58 photograph a line
64 and supply resultant image signals to the corresponding line
scanner data read sections 104. The line scanner data read
sections 104 convert the image signals into digital data, and
store them in internal image memories. On the basis of the data
stored in the image memory, the vehicle detection section 106
perforins the processing on detection of the vehicle 48. "Trans-
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vicinity of another inductor adjacent or in proximty to first inductor
has been estimted to be a heavywei ght vehicle. If the distance between
the two inductors is less than the reference distance, it is considered

t hat the vehicles which have passed through the vicinities of the two

I nductors are one and the sane. Therefore, by making use of, for exanple,

the posfereed & Wi coenerrl i sRRETQL Skl delrough thei hRterfafrch the
gg;fg;_éégé‘ion 3 52 VAL UERuY UWbtafiiCa 1l et d i SX OGS O OF £ GHAdL LG LT H" Ve
the presence or absence of the passage of the vehicle 48, and if
present, the width of the vehicle 48 which has passed thereover
and its passage positions (in lane crossing direction).
The general control section 72, if needed; issues commands
via the interface section 112 to the calibration section 108.
In compliance with the commands ffom the general control
section 72, the calibration section 108 reads data from the image
memories of the line scanner data read sections 104. In accor-
-dance with a black—and—whitelpattern contained in the read data,
the calibration section 108 issues commands to the line scanner
iris control sectibh 110 which in turn controls the iris of the
line scanners 58 in response to the commands. Irrespective of
variations in sunshine, etc., this control allows data showing
the black-and-white pattern to be formed in the image memories of
the line scanner data read section 104.

‘ The local controller 66 further comprises a vehicle
photography section 114 for the processing and control
pertaining to enforcement cameras 52, and-an image compression
section 116 for the data compression of images obtained by the
photography. The vehicle photography section 114 includes image
memory/plate detection units 118 provided in correspondence to
the enforcement cameras 52, a control section 120 for controlling
the image memory/ plate detectién units 118, and an Emage inter-
face section 122 consisting of an interface associated with image

output. The image compression section 116 includes image com-
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fmation, the position, in the |lane crossing direction, at which the
vehi cl e passed through the vicinities of the two conductors can be nore
accurately estimated. If it is difficult to execute the quadric curve

approxi mati on due to the deficient nunber of _inductors detecting t he sane
for the

vehicle, then alterna I tlon b
def|C|%ﬁ?sﬁbﬁﬂePng EB¥ORF§§18 anﬁ SSFH?§ SBESr%Qn%@ HEERGHE ng
at MhICQm % s OBLput si gnal changes appear forn1any i nductors. If the

di st ant® ween the two inductors is larger than the reference

di stance, I{n £é§?8§ﬁg%neﬁsddébé&twﬁ SEhbﬁégﬁg@hb‘fhtB@V%ePﬁ%i@ t4g ough

the wvicinities o two I nductors are separaté vehicles
by the loop-type vehicle detection section 84 or the line-type

vehicle detection section 100, the generai control section 72
issdes a shutter command to one of the enforcément cameras 52,
through a correéponding image memory/plate detection unit 118, to.
initiate photography of the license plate by thé enforcement
cameras 52. " In order to ensure that the license plate of the .
vehicle 48 is substantially centered on a photograph, the general
control section 72 determines which enforcement camera 52 is to
" receive the shutter command, depending on the passage position
of the vehicle 48 to be detected by the loop-type veﬁicle detec-
tion section 84 or the line-type vehicle detection section 100.
This procedure will be described in detail later. |
An image obtained by the photography is stored in the
image memory of the corresponding image memory/ plate detection
unit 118. The image memory/ plate detection unit 118 extracts
the image of the license plate of the vehicle 48 from images
stored in its image memory, and supplies the thus extracted
license plate image via the image interface éection 122 to the
corresponding image compression unit 124. The control section
_120 controls the image processing (including the extraction of
the license plate image) in the image memory/ plate detection
unit 118, and repeatedly imparts shutter commands to the
specific enforcement camera 52 until a preferred license plate

image is obtained. The image memory/ plate detection unit 118
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in the case of the existence of a plurality of inductors in proximty to
each other exhibiting signal variations, as a result of a vehicle passing
throughf the vicinities thereof, that in- dicate that the vehicle is a
heavywei ght vehicle, the passage position in the Iane crossing direction,
of this vehicle ¢can be estinmated in _accord nce 05|t|on of .t hese

i nductRRs, Su%ﬁﬂcfﬁﬂttFﬁPﬁﬁiEV fReSERBRge® P Y Ta%s? Va? gged

By UtIiﬁzfggpéggerggugtéegieghgfpgﬁﬁéggrd@éﬁﬁéﬁggs 3§é§gto allow a
plurality of vehicles 48 coming into 'its visual field (camera
capture zone 500) to be photographed. The image compression
unit 124 performs data compression of the image supplied from the
corresponding image ﬁemory/ plate detection unit 118, and then
delivers the thus compressed image to the general control section
72 which in turn sends the compressed image to the system central
controller 68.

The local controller 66 further comprises an antenna
controller (ANTC) 126 for controlling the transmission/
reception of signals by the debiting-confirmation antennas 56.
The ANTC 126 communicates by radio with the IU 62 on the vehicle
48 to confirm whether or not the debiting has been positively
executed or not. In response to the result of this confirma-
tion, the general confrol section 72 sends necessary information
to the system central controller 68. In case the execution of
debiting has been confirmed, for exaﬁple, the license plate image
produced by the enforcement camera 52 is transferred as an evi-
dential photograph of a violation together with predetermined
data to the system central controller 68.

The local controller 66 additionally comprises a lighting
control section 128 and an environment control section 130. The
lighting control section 128 permits the lighting units 54 to
light up the surface of the road when thé illuminance on the
surface of the road goes down to a predetermined value or below,

and turns off the lighting units 54 when it goes up to the
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I2 two kinds of sensitivity, there is possible to separately detect a
plurality of vehicles traveling in tandem In this case, it is a problem
of > how® o distinguish the plurality of vehicles travel- ing in tandemfrom
a single vehicle having a | onger |ength. In both the case of a

P B AL ST 2 AT T IS AAE P 19, 2
s Sy (5 65 S0 AL et tidce e Shnd Webpe |
large valdleor adPBRIENE LD Fhe diVilricRineltd ddrtrd1alsedti®n 130
detects ambient temperatﬁres and humidities, and imparts the
results to the general'control section 72. In response to the
results of detection, the general control section 72 controls the
components of the local controllef 66 so that they function
normally and properly. Should the environmental conditions
worsen to such a degree that the components do not work properly
or to a degree allowing the possibility of improper functioning,
the general control section 72 reports that fact to the sysfem
central controller 68.
(3) Summary of Debiting Processing
Referring to Figs. 12 and 13, there.are depicted a flow of
overall processing and a schematic.flow of debiting processing,
respectively, _of this embodiment.

"In this embodiment, as showp in fig. 12, the system
central controller 68 first iséues a toll collection start com-
mand to each of the local controllers 66 (1000). At the same
time, information required for debiting processing is also trans-
mitted from the system central controller 68 to the 1ocai con-
trollers 66. Upon receipt of these commands and information,
the local controllers 66 carry out the debiting processing
(1002). Each of the local controilers 66 repeats the debiting
processing until it receives a toll collection end command from
the system central controller 68 (1004).

The debiting processing executed in each of the local
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during which the output signal values change for the first tinme fromthe
relatively small values into the relatively large val- wues, the
intermedifrate transitional time during which the output signal values
change for the second tinme fromthe relatively small values into the
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pass under the first gantry 44. As long as a normal IU 62 is

mounted on the vehicle 48 just about to pass under the first
gantry 44, the IU 62 performs radio transmission 6f predetermined
control information. The control information transmitted from
the IU 62 includes information on, fo: example, the type of the
vehicle, the owner, the license number, and an identification
code appropriate to the IU 62. Such information is held in the
control section 80 or alternatively is read from the smart card
82 by means of the reader/writer 78.  The debiting antennas 50
receive the control information from thé IU 62, and then transmit
the information to the general control section 72. The general
control section 72 détermines_the sum of the toll to be collected
using the information on the type of the vehicle out of the
control information received from the IU 62. While specifying
the IU 62 to be received in accordance with the identification
code appropriate to the IU 62 out of the received control infor-
mation, the general control section 72 transmits the fhus deter-
mined sum to the vehicle 48 side throggh the debiting antennas
50. At that time, the general control section 72 may search a
valid list (a list of IU's which have been sold on the market)
and a black list (a list of habitual debiting violators, etc.) in
accordance with the identification code appropriate to the IU 62
or the like. The IU 62 records the sum of the toll to be col-

lected on the smart code 82 and it is then transmitted through

——
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crossing direction of the vehicles includes not only the nethod of
utilizing the detection elenents but also a nethod of making use of the

| i ght and shade pattern formed on the surface of the road. In the
absence of the vehicles lying on this Iight and shade pattern, the inmages

obt ai ned by _phot ographing the |ight and shade Eattern cont ai n the imges
r epr esehR® gL heing gRptgRgas 50 (for instance, the sum may be dedygted;ge
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the debiting processing by use of the first gantry 44 to a termi-
natioh (1006). This processing must be completed at the latest
before the vehicle 48 reaches the communication zones 502 of the
debiting confirmation antennas 56.

Subsequently, the local controller 66 detects the vehicle
48 Dby using the loop coils 60 or the line scanners 58 (1008,
1010), and then produces a static image of the rear (more
restrictively, a portidn mounted with the rear license plate)
of the vehicle 48 (1012). The loop-coils 60 and the line scan-
ners 58 both being means for detecting the vehicle 48, may either
be solely employed although the cooperation of the_two will
enéure improved reliability in the vehicle detection. As an
alternative to these means, use may be made of, for example,
detectors utilizing the principle of triangulation.

Using the debiting confirmation antennas 56 mounted on the _
second gantry 46, the local controller 66 communicates with the
IU 62 on the vehicle. 48. More specifically, the local
controller 66 requires the IU 62 to send informatibn'fgr the
confirmation of debiting, whereupon if normal, the IU 62 re-
sponds to this (1014). When the-executioﬂ of normal debiting is
confirmed by the communication through the debiting confirmation
antennas 56, the general control section 72 transmits the fact
that the debiting has been normally éxecgted along with the data-
compressed license plate image (1016) to the system control

controller 68. Conversely, in the case where the IU 62 makes no

34
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shade pattern in the images. Therefore, based on the di sturbance of the
| i ght and shade pattern in the inmages bei ng phot ographed, the passage of
t he  vehitle over the |ight and shade pattern can be detected. A so, the
poi nts at which the disturbances have oc- curred can be detected as the
casg of_the use f th hade

vehi cl e_passa osj tions n
pat t or FEPRPIRTE FRrHRPTS. (Febordferdit frrouhedts; rohotrBotlcs
15 e 8 0y O, P G 1 S R 11
;ﬁgggh”ge(; Ionvglfxéﬁ'eé‘ﬁéée@iné h@he\!aééré‘hé’t!i‘ﬁe'ﬁ&i‘@%é‘%ﬂrtﬁéemag%@!fE%'i‘ae of
82), the general control section 72 regards the vehicle 48 mount-
ed with this IU 62 as an illegal vehicle, and transmits the data-
compressed license plate image as the image of the illegal vehi-
cle together with the data indicating that the debiting has
resu;ted in an abnormal termination (1018).
(4) Principle of Vehicle Detection with Loob Coils
As describe above, this embodiment includes the loop coils
60 and the line scanners 58 as means of vehicle detection.
Description will now be given of a princiéle of the vehicle
detection by means of the loop coils 60.
When a vehicle 48 travels along the roéd, the front of
the vehicle 48 (more concretely, a portion of the front wheel
axle occupying a relatively large part of the magnetic mass of
the vehicle 48) approaches the loop coils 60 at a certain point
in time (1008) as indicated by a solid line in Fig. 14(a). In
response to this, the inductance of the loop coil 60 varies with
the result that an output waveform of the DETC 94 rises (timing
t0 of Fig. 14 (b) to (4d)). It is to be noted that for simplici-
ty of description, dissimilar to Fig; 10, a single comparators
is assumedly provided herein to identify the output waveform of
the DETC 94 with an output waveform of the comparator.
When the vehicle 48 advances to bring its Iﬁ 62 into the
debiting confirmation antenna communication zones 502 as indicat-

ed by ellipses in Fig. 14(a), communication with the IU 62 can
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The neans for photographing the |ight and shade patterns are preferably
di sposed at positions allow ng the photography of the vicinities of the
boundari‘es of the lanes. Such an arrange- nent will reduce the dead spots
in detecting the vehicle passages by use of the light and shade pattern

a dounPE. Bate Shedd o ooyt BEE e BebERuRy cORF 1 e RO 0 7
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proper detection of the passage of the vehicle having thé |ower helght can
be ensypedhe IU 62.N Uhe dispondle itoveRbi eal1akikahral ithebighd thiedlderargL ting
ing confi:mation antennas from the local controller 66, the IU 62
reéds the Aebiting information stored in the smart card 82 by
means of the ;eadér/writer 78 and sends it through the radio
section 76 to the local controller 66. The debiting information
is received by the local confroller 66 through the debiting -
confirmation antennas 56.

With further advancement of the vehicle 48, the rear of the
vehicle 48 (more concretely, a portion of the rear wheel axle
occupying a relatively large part 6f the magnetic mass of the
vehicle 48) leaves the loop cqils 60 as indicated by a dotted
line in Fig. l14(a). in response to this, the output of the DETC
94 falls (1010).  In Fig. 14 (b) td (d), the fall timing is
designated by tl1, t12, and t13 for bus/ large-sized truck,
automébile/ small-sized truck, and motorcycle, respectively. In
synchronism with this fall timing, the general control section 72
impafts shutter commands to the enforcement cameras 52 (1012).
The image memory/ plate detection unit 118 extracts 1license
plate images from the images photographed by the corresponding
enforcement camera 52. |
When_the vehicle 48 comes into the camera capture zone 500
indicated by a rectangle in Fig. 14(a) and brings the license
plate into a preferred position, the license plate image
extraction processing by the image memory/ plate detection unit

118 is completed, in response to which the photography of ‘the

e ——

36 b
- This Sheet Hag Been

il



devi ce and a photo receiving device ny be used for position detection. The
light emtting device emts the light onto the road, nore specifically,

onto the white line crossing the |ane.
14 The light receiving device receives the light reflected by the road or

i r ect REReRE BB HY, ?%Zcf%“h%‘geé*‘f&é%-?%q€0°”% § 52, BhEe HRTEY The
light @mstting device, the position at

In the case of detecting the vehicle 48 with the loop coils
60, the types of vehicle can be identified by the execution of
two kinds of comparison as shown in Fig. 10. When the vehicle
48 approaches the loop coil 60 as indicated by a solid line in
Fig. 15(a), an oﬁtput waveform of the DETC 94 gradﬁally rises as
shown in Fig. 15(b). Providing that a threshold associated with
lthe comparétor 96 (high sensitivity threshold) is set to be
smaller than a threshold associated with the comparator 98 (low
sensitivity threshold), an output waveform (high sensitivity
output waveform) of the comparator 96 shown in Fig. 15(c) will
rise earlier than an output waveform (low sensitivity output
waveform) of the comparator ?8 shown in Fig. 15(4). In the
process of the advancement of the vehicle 48 into a position
indicated by a broken line in Fig. 15(a), the output waveform of
the DETC 94 gradually falls as shown in Fig. 15(b). In this
process, the low sensitivity output waveform will fall earlier
than the hiéh sensitivity output waveform.

Accordingly, the use of two kinds of threshold in this
manner will bring into existence both the high sensitivity output
waveform rising during the time tH and the low sensitivity output
waveform rising during the time tL (tL< tH). For the'vehicle
having a smaller magnetic mass such as a motorcycle, due to
smaller variation in the inductance of the loop coil 60, the peak
of the output wave of the DETC 94 is reduced, resulting in tL=0.

In other words, no low sensitivity output waveform appears. It
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whi ch the vehicle crosses the white line on the road and the wdth there
of can be detected w thout using the black and white pattern. Therefore,
t he-position detection can be perfornmed with |ess suffering the rain, dust

of_the li ke. In the present invention t he speeds of the vehicles
o S R A L3 el e R B BB
Al di t t
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means and e vehlcles are. _
of the types of vehicle are used for the confirmation of debit-

ing or the specification of illegél vehicles. It is to be appre-
ciated that the present invention is not limited to the two kinds
of threshold.

As depicted in Figs. 4 and 5, a plurality of (e.g., three
or four) loop coils 60 are provided for each of the lanes. It
is thus possible to recognize the position and lane on which the
vehicle 48 travels by judging, in the general control section 72
the loop coil 60 over which the vehicle 48 has passed. Given
that the traveling vehicle 48 is a motorcycle, an output waveform
showing the presence of the vehicle 48 appears in only one of,
e.g., three loop coils placed for each lane. Therefore, if one
of the loop coils 60 is exclusively subjected to the variation in
output, it is detected that the motorcycle has passed over this
loop coil 60, enabling not_énly the position of passage but also
the type of vehicle to be recognized.
| Also, in the case of plurality of vehicles 48 traveling side
by side, no variations in outputs will appear in the loop coils
disposed between the plurality of vehicles as long as there is
some degree of spacing between the vehicles, whereby these wvehi-
cles can be distinguished from one another.

Provided that a plurality of (e.g., three) motorcycles are
traveling on the same lane, an output waveform representing the

presence of a vehicle may possibly appear in all of a plurality
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correlated with the vehicles phot ographed by the illegal vehicle

phot ogr aphy nmeans by the vehicle specification neans. This wll allow
correct ‘and easy specification of the illegal vehicles. :
BRI EF DESCRI PTt ON OF THE DRAW NGS These and ot her objects, advantages
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an  ex{kE "gtaveling of the plurality of motorcycles on the same lane
can be distinguished from the traveling of, e.g., a single
automobile which maf cause an output waveform representing the
presence of a vehicle in the three loop coils 60.

In addition, the timing at which to cease photographing by
the enforcement camera 52 is given by the completion of extrac-
tion of the license plate images by the image memory/ plate
detection unit 118, whereupon it is influenced to a lesser degreé
by off time delay indicated as f in Fig. 14(b) to (4d).

For comparison, the photographing of the license plate takes
place once or a predetermined number of times in response to the
fall in the output of the loop coil 60. In such a configura-~
tion, with an assumption of speed of the vehicle 48 at a certain
speed, sefting must be made for both.the positions of the loop
coils 60 and the angles of depression of the enforcement cameras
52 so as to ensure preferred photographing of the license plate |
of the vehicle 48 traveling at the assumed speed. A speed of the
vehicle 48 remarkably higher than the assumed speed would result
in missing of preferred photographing timing due to the traveling
of the vehicle 48 during the delay time At. Values of the delay
time delta At depend on the types of vehicle.

Such inconvenience will disappear by virtue of this embodi-
ment in which the commencement of photographing is given by
the fall in the output of the loop coil 60 and the conclusion

thereof is given by the completion of the extraction of the
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appear ance of a system according to an enbodi nent of the present
15 invention, particularly, in the vicinity of first and second gantries;
Fig. 2+ is a perspective view showing an external appearance of a

system according to a prior art exanple, particu- larly, inthe vicinity
of a tollgate; Fi%. 3 is a side el evational view show ng egglpnent
license plate images. More specifically, the capture” zones 500

of the enforcement cameras 52 are separated from the positions of
the loop coils 60 so as to allow for the maximum of the delay
time At, therebf ensuring accurate photographing of the license
plates irrespective of the speeds of the vehicles 48 ranging frém
0 to 120 km/hour and irrespective of the capture zones 500 of the
enforcement cameras 52 extending four meters in thé direction of
length of the road.

Further, this embodiment makes use of the results of detec-
tion by the loop coils 60; which will be described hereinafter,
to regulate the timing at which tb commence photographing by the
enforcement cameras 52. .Thus, regardless of the speeds of the
vehicles the license plates can be photographed at appropriate
timing.

(5) Principle of Vehicle Detection with Liné Scanners

Description will be given of a principle of vehicle detec-
tion using the line scanners 58. Referring to Fig. 16, there are
depicted variations in the output of the line scanner 58 céused
by the passage of the vehicle 48 over the line 64. |

As heretofore explained, the line 64 is photographed by
the line scanners 58, and the resultant image signals are read,
through conversion into digital data, into the image memories of
the line scanner data read sections 104. In accordance with the
data, the calibration section 108 controls the line scanner iris
qontrol section 110 to attain the data correspondent with the
black-and-white pattern constituting the line 64. In the ab-

sence of any vehicles over the line 64, such a calibration will
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arranged on the first and second gantry; Fig. 4 is a diagram

depi cting, by way of exanple, an ar- rangenent of |oop coils; Fig. 5
i s & di agram depi cting anot her arrangenent of the [|oop coils; Fig. 6
illustrates by way of exanple an arrangenent of |ine scanners; Fig. 7

(oL e TR PR e BUCaRRERRIATIR! pOL 1 8 qhne scarrers; | Flo

controller; In the presence of vehicles 48 on top of the line 64 as
shown in Fig. 16 (a), data are obtained correspondent with colors
of the vehicles 48. Assume first that the colors of the vehi-
cles 48 crossing the line 64 a?e white or other colors presenting
reflection analogous to white. If the colors of the vehicle 48
have high reflectivities in this manner, then the line scanners
58 will detect data of these vehicles 48 as the same data as the
white pattern. In other words, from the areas corresponding to
the vehicles 48, the line scénners 58 will receive luminance
levels approximate to the level of white.

On the contrary, assume that the colors of the vehicles 48
crossing the line 64 aie black or other colors presenting the
reflection analogous'to.black. If the colors of.the vehicles
48 have low reflectivitieé in this manner, the.line scanners 58
will detect data of these vehicles 48 as the same data as the
black pattern. 1In other words the line scanners 58 will receive
luminancé levels approximate to the level of black from the areas
corresponding to the vehicles 48

'Thus, the thicles 48 in white or other colors analogous
thereto would result in data as shown in Fig. 16(c) diagfam is
wrong, whereas the vehicles 48 in black or other colors analogous
thereto would result in data as shown in Fig. 16(d). More spe-~
cifically, the data for the "white" vehicles involve a distur-
_bance such that portions that are originally black in the absence
of the vehicles 48 result in white, whereas the data for the

"black" vehicles involve a disturbance such that portions' that
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Fig.
of an in-vehicle unit (I1U);

9 is a block diagram representing a functional configuration
Fig. 10 is a block diagramrepresenting a

functiortal configuration of a | oop-type vehicle presence detection unit;

Fig.
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Oow O overa processi n

Fig. 13piscr.flowchart showi ng a flow of debltlng

The vehicle detection section 106 detects disturbances
involved in the data obtaihed, and on the basis of the results
performs detection of vehicles 48, detection of positions
thereof, and judgment of the types of the vehicle. Firstly, the
detection of the presence of disturbances in the data will enable
the passage of the vehicles 48 to be recognized. Secondly, the
positions on the data where disturbances have occurred will
enable passage positions of the vehicles 48 to be recognized.
Thirdly, the widths of disturbances ﬁill allow the identification

of the types of vehicles. Fourthly, tracking with time of the

'occurrence of disturbances will enable the passage of a plurality

of'vehicles 48 traveiing in tandem to be detected individually
for each of the vehicles. Fifthly, a plurality of vehicles 48
travéling side by side can be separately.deteéted. The enforce-
ment cameras may receive shutter commands in response to the
detection of passage of the vehicles 48 by the vehicle detection
section 106.

Accordingly, this embodiment will ensure accurate detection
of vehicles 48 by means of the line scanners 58. In addition,
iris control (calibration) by thé feedback of data along with the
use of the black and white pattern as the line 64 will contribute
to preferred detection of the vehicles 48 of intermediate color,
and to resistance to variations in environment such as sunshine.

Put more clearly, suppose a single white line in place of

line 64 for the sake of comparison. In such a configuration, the

42

11 is a block diagramrepresenting a functional configuration of a

"l



16 processing; Fig. 14 is a diagramrepresenting relationships

bet ween vehicle presence detection by use of the |oop coils and timng of
phot ographi ng a nunber plate or license plate, in which (a) shows a planar
positional relationship anong vehicles, |loop coils, canera capture zones,

The SerufReS sk, SR LGRSTLE 08 obaerAGcinatE 111016 TH0BY) deeiidde

the vehhgl epartial depressions in luminance of the signals obtained by
the line scanners 58. The depressions in luminance are however
caused by not only the bodies of the vehicles 48 but also shades
thereof. Moreover, the manner in which the shades appear vary
depending on the position of the sun, the latitude, the season,
etc. The degree of the depression in luminance also depends on
the color of the vehicle 48. It is therefore difficult to ensure
accurate detection §f the passége of the vehicle irrespective of
the execution of calibration. It is also difficult to set a th-
reshold for use in making image signals into binafy signals. The
same'applies to the configuration of a single black line.

For further comparison, supposela configuration having no
line. 1In such configuration, due to uneven reflectivity of the
surface of the road, accurate detection of the passage of the
vehiéle 48 is difficult to perform irrespective of the execution
of calibration.

This embodiment eliminates the above inconveniences by the
provision of a patterh of alternate "white" having a high
reflectivity ang "black" having a low reflectivity. For in-
stance, the reflectivity of the "black" paint is in the order of
10~3 that of the “white"'paint, and this relationship is not
inf;uenced-by the ievel of sunshine or other environmental fac-
tors. Accordingly, the appropriate.execution of the calibration
will ensure accurate detection of the vehicle 48 independent of
variations in environmental conditions. Thus, irrespective of
outdoor use of this embodiment system, which may be subjected to

iy i~
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s an autonobile or a small-sized truck, and (d) shows signal timng where
the vehicle is a notorcycle; Fig. 15 is a diagram representing

a -principle for identifying the types of vehicles by use of the

| oop-type vehicle presence detection section having outputs of high and

| OV SEOSEERYLhys rbAmblic (Bhaiflithe? RRRLIAMIaAAI SIS prkelgien Lhe

| oop coil "and the venhicle, (b) shows an output waveformof the |oop coi
(C) shgugeaoki ghesoRBLEIY B Q4 %hs%‘x‘ﬁ:flg" Bnsréd.(d) EsStioughY the
sensitivity output waveform is a diagramrepresenting a
princi gbgokobfi dnet venicliengst he hnp&ht@&m&ﬂaﬂeebdw e drdédende ek t ype

vehi cl e pres-
the vehicle can be detected as the disturbance of either white or

black.

" As depicted in Figs. 6 and 7, the number of line scanners 58
to be provided in this eﬁbodiment is n + 1 for n lanes. The
line scanners 58 are each fitted with an wide-angle lens, and
visual fields of the adjoining line scanners 58 overlap each
other. Accordingly, even in.the case of a vehicle (e.g., a
motorcycle) having a small height traveling between vehicles
(e.g. double-decker buses) of large heights, it is possible to
distinctly identify'these vehicles. -Namely, no dead spots ap-
pears; In addition, tbe use of the wide-angle lens will minimize
the number of the line scanners 58 to be used.

(6) Details of Vehicle Detection with Loop Coils

Figs. 17 to 29 illustrate procedures of vehicle detection
processing by use of the loop coils 60, in particular, of
vehicle center position judgment proéessing'in the road crossing
direction, and Figs. 30 to‘37 depict the flows of these
procedures. Impleménted by the processing shown in these
diagrams is a function to properly separate a plurality of
vehicles 48 traveling side by side or to properly separate the
plufality pf vehicles 48 traveling in tandem with narrow
distances therebetween, as well as a function to properly detect
passage positions in the width direction of the road. Also

implemented is a measure to deal with a wider fange of speeds
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ence detection section, in which (a) shows a positional relation- ship
between a |ine and vehicles, (b) shows the contents of data derived froma

| ine scanhner in the absence of the vehicle on the Iline, (c) shows the
contents of data obtained by the line scanner in the presence of a white
vehi ¢l &{kd Mopdiiingbh (the Hpisad N GO tRIHfoBs d@éa eﬁéavaﬁsicms the

| ine scanner 1 n the presence of ~a black vehicle on the line; Fig. 17

I's a cEHefigidphy aﬁ@&ﬁémrlmmsmdaﬂ@ma fdf sdontrolling the time re-
quired up to the commencement of photographing by the enforcement
cameras 52 froﬁ the point of time of vehicle passage detected by
the loop coilS'GQ. Furéhermore,-the ﬁtilization of low
sensitivity apd high sénsitivity outputs of the loop qoils 60, as
well as the appro#imatign to a quadric curve, ensures accurate
execution of judgment of vehicle types and judgment of vehicle
center positions.

The vehicle cénter position judgment processing in this
embodiment comprises procedures for judging, upon the entry of a
vehicle 48 into the zone of the loop coils 60, what type the
vehicle 48 is and where the vehicle center position is (in thé
direction crossing the road), the processing being generally
implemented by following three procedures. In the following
descfiptidn, an i-th loop coil 60 is designated by L;, and singly
hétchéd in the diagrams is a period of time during which only the
high sensitivity output of the loop coil is on, while doubly
hatched is a period of time during which both the high sensitivi-
ty and low sensitivity outputs thereof ére on.

i. FEirst Procedure

A first procedure includes a step of temporarily regarding
the vehicle 48 which has entered the zone of a loop coil 60 as a
motorcycle, and estimating that its vehicle center position lies
on:this loop coil 60. Entrance of the vehicie 48 into the zone
of the loop coil 60 can be recognized by the fact that the high

sensitivity output of each loop coil 60 has turned on. -That
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17 procedure constituting a vehicle position judgnment processing;

Fig. 18 is a conceptual diagram for explaining a second procedure
constituting t he vehicl e position j udgnment processing, in
particul ar, show ng an exanple in which the judgnent results in an

aut oMb L 10 the Eidet!Brkhefy anC%Bauggnggasre{m%leéaheiahngzaosfemd

procedure n'a |n | Cle péSItIO rocessi n
parti cuj §&a1 Seewwgﬂarezsamhenl Rhéhh§ght Qengsaésme& aﬁ%BLEShagntamed

not or cycl e; Figs. 20 to 29 are conceptual diagranms each explaining a

third ¢foesfpbeariinki egtinBtebhehatehi abtorePeléi RAs ehudgslnthe zone
of the loop coil 60 without considering whether the vehicle which
has entered the loop coil zone is actually the motorcycle or an
automobile. In the following description, the term “motorcyclef
refers to a vehicle having a narrow width not allowing outputs of
a plurality of loop coils 60 to simultaneously occur, for_exam-
ple, a two;wheeled vehicle. Also, the term "automobile" refers
to a vehicle having a wide width allowing outputs of a plurality
of loop coils 60 to simultaneously occur, for example, a four-
wheeled vehicle.

For example,.as shown in Fig. 17, assume that at substan-
tially the same time or in rapid sequence the (i-1l)th loop coil
Ly.1, i~th loop coil Ly, and (i+1l)th ioop coil Lj,; have turned
on. In this case, it is impossiblé to identify from only the
informétion shown, whefher a single automobile spanning the 1oob
coils Ly_3, L; and L;, 9 has entered the loop coil zbnes or three
motorcycles have separately enter the zones of the loop coils Lj_
1- Lj, and Lj,.q. Thus, the general control section 72 temporari-
ly assumes that three motorcycles have individually entered the
zones of the loop coils Lj_1, Lj, and Lj,4 (first procedure).

At the same'time, the general control section 72 estimates
that vehicle center bositions of these imaginary motorcycles lie
on positions where the loop coils Lj_3, Lj, and Lj,q are embed-
ded. In other.words, the general control section 72 estimates

that the wvehicle center positions of the vehicles 48 which have
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processi ng; Fig. 30 is a flowhart depicting an overall flow of

vehi cl e center position judgnent processing; Fig. 31 is a
fl.owchart depicting a flow of high sensitivity fall processing in the
vehi cl e center position judgnment processing; Fig. 32 is a flowhart

Ger <t dlded! SHechypiteRBICLLLY cutpli BE0RE3ABSG LBILNE, EHELE
depi ctigigs B %I 8¥ t@kn BhoW1136Be bbYhEYabht® RieRCPEEREibAS! g vehicgle
center posittd n
and Cy,, indicated respectively by a white circle, a white dia-
mond and a black diamond in the diagram.
ii. Second Procedure

A second'procedure_includes steps of confirming whether or
not it was correct that the vehicle was temporarily estimated to
be a motorcycle in the first procedure and judging the first
estimation is judged to have been incorrect, that the vehicle is
an, automobile. More specifically, 4in the case for example,
where detection data as shown in Fig. 17 are obtained from each
loop coil, then the general control section 72 performs judgment

o n.ﬂprocessipg for identifyiﬁg whethér a single automobile spanning
the 1odp colls Li_1, Ly, and Ly+1 has entered tﬁe loop coil zones
or three motorcycles have individually entered the zones of the
loop coils Lj_y, Lj, and Ly, .q. For this judgment, use is made of
the low sensitivity output of each loop coil 60.

The low sensitivity output of the 1loop coil 60 is
permitted to turn on only when the magnetic mass of the vehiqle
paséing over the 1loop coil 60 is sufficiently large, but
remains off when it is small. Accordingly, in general, if the
vehicle passing over the loop coil'60 is an automobile, the low
sensitivity output of the loop coil 60 turns on, but remains
off if it is a motorcycle. Thus, if the low sensitivity output
of the-loop.coil L; has turned on as shown in Fig. 18, then

the general control section 72 judges that an automobile has

passed over the loop coil Lj. On the contrary, providing  that
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j udgnent processi ng; Fig. 34 is a flowhart depicting a flow of | ow

sensitivity rise processing in the vehicle center position .
j ydgnent- processi ng; Flg 35 is a flowchart representing a flow of
vehi cl e 18 center Judgnent processi ng

'n the vehi ¢l gn CEBhEs tPOFLY' BltpbYIAUE LuRh8GCS3ERIwith the loop coil
L; remaining off as shown in Fig. 19, the general control
section 72 judges that the automobile has passed over the loop
coil Lj.

iii. Third Procedure

Tﬁrough the execution of the first and second procedures,
(1) the positions of the loop coils 60 whose high sensitivity
outputs have turned on are estimated to coincide with the vehicle
center positidns of the vehicles 48 which have entered the zone
of the loop coil 60, (2) a'judgment is made that an automobile
has entered zones of the loop coils 60 whose high sensitivity and
low sensitivity outputs hawve both turned on, and (3) a judgment
is made that motorcycles have entered the zones of the loop coils
60 of which high‘sensitivity outputs have turned on with the low
sensitivity oufputs remaining off. However, these are insuffi-
cient for the judgment of the types of vehicle and vehicle center
positions.

First, upon estimation that two loop coils 60 adjacent or in
close proximity to each other both have their high sensitivity
outputs are both on, suppose that the low sensitivity output of
a first loop coil 60 thereof remains off but the low sensitivity
output of a second loop coil 60 is on. The first loop coil 60
may have caught the entrance that the same automobile as entered
the zone of the second loop coil 60, or otherwise it may have
caught the entrance of quite a different vehicle 48 from that
automobile. Therefore, for the first loop coil 60, inaccuracy

will remain as long as the estimated result in the first proce-
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Fig. 36 is a flowhart representing a flow of vehicle center possibility
exam nation processing in the vehicle center position judgnent processing;
Fi.g. 37 "is a flowhart representing a flow of guadric curve approximation
processing in the vehicle center position judgnent processing; . Fig.

38 is agf mﬁwﬁeaﬁslma&ﬁaant Bgﬁlei‘ fl@ﬁ’eoésﬁiﬂﬁ‘éiéhngesh‘i‘t ¥ hidiEycle

- vehicles have passed results of comunication in order
to ensunasseﬁuéeeadenélEbﬁatbentﬁis ibbﬁgébiiebocles Fig. 39 is a

per spective view.show ng anot her exanple of the

Second, upon the estimation that three loop coils 60 adja-
cent or in close proximity to each other all have their high
sensitivity outputs on, suppose that the low sensitivity output
of at least a first loop coil 60 is on. The vehicle 48 caught by
the first loop coil 60 is an automobile (or has at least a high
probability of being an automobile) as has been judged by the
second procedure. Accordingly, the fact the high sensitivity
outputs (as well as the low sensitivity outputs, as the case may
be) of the second and third loop coils adjacent or in close
proximity to the first loop coil are both on may largely arise
from the vehicle 48 caught by the first coil 60. Thus, decision
should be made of the vehicle center position caught by the first
loop coil 60, in view of not only the position where the first
1oop‘coil 60 is embedded but also the positions where the second
and third loop coils 60 are embedded. In other words, merely
defining the éosition estimated by the first procgdure as the
vehicle center position of the vehicle 48 caught by the first
loop coil 60 will still allow inaccuracy. In addition, allowance
must be made for a possibility that the vehicle which has caused
the high sensitivity and low sénsitivity outputs of the second
and third loop coils 60 to turn on may not coincide with the
vehicle 48 caught by the first loop coil 60.

Thus, in order to find a true vehicle center position, the
general control section 72 executes a third procedure including

the following contents, using the results of the first and
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ext ernal appearance of the system especially in the vicinity of the first
and second gantri es; Fig. 40 is a perspective view show ng an
external® appearance of a systemaccording to a third enbodi nent of the
invention, particularly, in the vicinity of first and second gantries;

Fig. 4leb8nd PreRech e%bghﬂm%ﬁ%iogr]gqu%é&iwalcumeara%%ximaﬁaystem

according to a fourth I ment of t nvention, particularly, in the
vini ci p¥cof hier pleedied . second gantries; Fig. 42 is a schematic view
showi ng a configuration of a distance sensor and positional relationships

bet weea )t hghdhsnaﬂged N MutdreytHes bye SegondaPgeceduree fourth

erTbOdlment’COnsideration will be first given to the loop coil 60 whose
low sensitivity output has not turned on before its high sen-
sitivity output turns off after been having turned on. For such
type of loop coils 60, it may be construed that it has caught
the automobile caught by the other loop coils 60 or that it has
caught a vehicle 48 (e.g., a motorcycle) which has not been
caught by the other loop coils 60. This embodiment rigidly
distinguishes both cases by a distance judgment. As depicted in
Figs. 20 and 21, assuﬁe that the low sensitivity output of the
loop coil L; has not turned on before its high sensitivity output
turns off after having been turned on. 'In other words, suppose
it has not yet been judged that the vehicle 48 lying on the loop
coillLi is an automobile before its high sensitivity output turns
off. In this instance, at the time when the high sensitivity
oufput of the loop coil L; has turned off, the genergl control
section 72 compares a distance between the 1loop céil L; and

' the other loop coil 60 closest to the loop coil L;; among

the loop coils 60 for which judgment was made that an automobile
has passed thereover in the second procedure with a predeter-
mined reference distance Cgjge- With this distance less than
the reference distance Cgiger both the loop coils could be as-
sumed to have caught the same vehicle 48 (the same automobile'in
this case). On the céntrary, with this distance exceeding the

reference distance Cgiger both the loop coils could be assumed to
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Fig. 43 illustrates the principle of detecting a position and a wdth of a
vehi cl e according to the fourth enbodinent; Specifically, (a) shows how

t he position sensor scans in the | ane

19 crossing direction and actuation of light emtting and receiving

oo, TdLEalats ey e o A e (el o0 Test

result by COA@@MIQQ thsrdéﬁaﬁafé, d%@%é@éké&wldlstance Csige is set
at a distance 1.5 times the loop coil embedment intervals. As
depicted in Fig. 20, suppose that the other loop coil 60 closest
to the loop coil L;, among the loop coils 60 for which judgment
was made that an automobiie has passed thereover in the second
procedure is a loop coil Lj_5 having é distance twice the loop
coil embedment intervals relative to the loop coil L;. Since in
this case the loop coil L; is far apart from the loop coil Lj;_,,
the vehicle 48 which has passed over the loop coil L; is suppos-
edly different from the vehicle 48 which has passed over the loop
coil Li_2- The general control section 72 detects this fact
from the comparison of the reference distance Cgige With the
distance between -the loop coil L; and the loop coil hi_é. In
accordance with this detection, the general control section 72
judgés that the vehicle 48 which has passed over the loop coil Ly
is distinctly diffefent from the vehicle 48 which has passed over
the loop coil Lj_, and that the vehicle center position of the
vehicle 48 which has passed over the loop coil L; lies on- the
loop coil L; 60 as indicated by a white diamond and C;, in the
‘diagram. Since the vehicle 48 which has passed over the loop
coil L; is judged to be a motorcycle in the second procedure,
this will define the type and vehicle center position of the
vehicle 48 whiéh has passed over the loop coil Lj.

As depicted in Fig. 21, suppose that the other loop coil

60 closest to the loop coil V; among the loop coils 60 Ifor
which judgment was made that an automobile has'passed thereover
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of (b)'mdth a criterion; (b) shows a distance detection result indicating
the presence of the vehicle on the white line; and (e) shows a judged
result by conparing the distance detection result of (d) with the

criterion; Fig 44 shoms an arrangenent of the distance sensor in the

crossi ng. di t n,a genen t ]

censor Th 1A SERS PrenERRragte: F erdrb ol TEpvile o S SHENE,

arr angeuRdL th@héﬂfa C8oSENSRbediont Ntk & AVAORd kSl Egeti

Fig. 47 1s 0%? owchart gﬁovﬁ)ng eseqrtljence 0 ditectl ng t{e &Elp
coil L. Since in this case the loop coil Lj; is sufficiently

close to the:loop coil Ly_3, the vehicle 48 which has passed
over the loop coil L; is assumed to be the very same as the |
vehicle 48 which has passed over the loop coil Lj_q. The gener-
al control section 72 detects this fact from the comparison of
the reference distance Cgj45o With the distance between the loop
coil Ly and the loop coil Lj_j;. In accordance with this detec-
tion, the general cqntfol section 72 judges that the vehicle 48
which has passed over the loop coil Lj is the very same as the
vehicle 48 which has passed over the loop coil Lj_j and that the
vehicle center position of the vehicle 48 which has passed over
the loop coil.Li assumedly lies on the loop coil Lj_; 60 as
indicated by a black diamond and Cin- in the diagram, but on the
.position indicated by a white diamond and C;, in the diagram.
From this judgment result both the vehicle center position esti-
mation result in the first procedure and the vehicle type judg-
ment result in the second procedure are canceled for the vehicle
_48 which has péssed-over the loop coil Ly.

'Regarding the vehicle 48 which has passed over the loop
coil Lj_o in the example of Fig. 20 and the vehicle 48 which has
passed over the loop coil Lj_; in the examplé of Fig. 21 the
judgment result that "the type of the vehicle is an automobile"”
obtained by the second procedure is established. However, its
vehicle center position remaing unestablished due to the

necessity of taking into consideration both the manner of outputs
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positi'on and wi dth of the vehicle; Fig. 48 is a perspective view
showi ng an external appearance of a systemaccording to a fifth

enbodi mént, particularly, in the vicinity of first and second gantri es;
and Fig. 49 shows an arrangenent of |line scanners and | oop coils

hen 5 bheafon ERiGR B el S e SR 5 d g o
0 TBBp S0 SLESEr el S S0l e S GASAIAL 45 Tl o

vehicle 48 may cause the low sensitivity outputs of a plurality
of loop coils 66 to éimultaneously be on. Processing for
definitely deciding this will become apparent from the following
description.
b) when Judged to be Automobile by Second Procedure

"With regard to the loop coil 60 whose low sensitivity output
has turned on before its high sensitivity output has turned off
after having been turned on, judgment is made that "the type of
the vehicle 48 which has passed thereover is an automobile" by
the second procedure. Also, for the other loop coils 60 having
distances less than the reference distance Cgyqe relative to such
a loop coil 60, and whose high sensitivity outputs have turned
on, both the vehicle center estimation result in the first proce-
dure and the vehicle type judgment result are canceled by the
step a) of the third procedure. Thus, as to the loop coil 60
1ow'sensitivity output'has turned on before its high sehsitivity
output has turned off after having been turned on, there is a
need to establish the vehicle centér position of the vehicle 48
ﬁhich has passed thereover, taking into consideration the embed-
ment positions of the other loop coils having distances less than
the reference distance Céide relative to such a loop coil 60
and whose high sensitivity outputs have turned'on.

For this reason, at the time when the low sensitivity output
has turned off, the general control section 72 corrects the

vehicle center position estimated by the first procedure. The
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Réferring first to Fig. 1, there is depicted an external

20 appearance of an automatic debiting system according to an enbodi nent
of the present invention, particularly, in the vicini- ty of first and
second gantries Thi s enbodi ment includes no tollgates. In place of the
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capable of more accurately finding the vehicle center position of
the autogobile which is passing over the loop coil 60 whose low
sensitivifyroqtput has turned on before its high sensitivity
output turns off after having been turned on. It is to be
appreciated that in definitely determining the vehicle center'
position by such techniques allowance must be made for the se-
quence in which the high sensitivity outputs of the loop coils 60
have turned on. '
bl) Case in which the high sensitivity output of the loop coil
Ly ‘turns on earlier than the high sensitivity outputs of the
loop coils Lj_3 and Lj 43

In general, the center of the vehicle 48 has the most
magnetic mass distributed thefearound. Accordingly, the high
sensitivity output of the loop coil 60 whose embedment position
is closer to the vehicle center position turns on previous to
that of the loop coil whose embedment position is farther from
the vehicle center position. For this reason, the high sensitiv-
ity output of the loop coil 60 over which a vehicle 48 has passed
the type of which type has been judged to be an automobile by the
second procedure turns on eaflier'than the high sensitivity
outputs of the loop coils 60 which have caught the same vehicle
48 among the loop coils 60 adjacent to or in proximi£y théreto.
It is therefore typically envisaged that the high sensitivity out-
puts turn on in the sequence as shown in Fig. 22.

As is clear from this diagram, the high sensitivity output
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Natural |y, the present invention nay also be applied to a single- |ane

r oad. Vehicles 48 are free lane traveling fromthe upper left of the
di.,agramtoward the lower right. The first 44 and second 46 gantries are

di sposed upstream and downstream respectively, in the advancing direction
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coils Lj_, and L;,; embedded on both sides of the loop coil Lj.
In this case, the general control section 72 applies fo a quadric
curve the time when the outputs of the three loop coils Lij_1, Ly,
and L; ;1 have turned on (quadric curve approximation). The
resultant quadric curve represents a distribution of the magnetic
mass in the vehicle 48 which is passing over the three loop coils
Lj-1, Lj, and Lj,q. Thus, a peak of the quadric curve (a point
where tangential direction of the quadric curve coincides with
the road crossing directibn, which is designated by a white
diamond in the diagram) can be fegarded as a position where the
most magnetic mass is commonly distributed, that is, a vehicle
center position. Then, in accordance with the result of the
quadric curve approximation, the general control section 72
corrects the vehicle center position C;,, estimated by the first
procedure. That is, the thus obtained gquadric curve peak is
employed as an established vehicle center position Cin closer to
the true value.

A mere application of this quadric curve approximation
will be prohibited in the case where both the low.sensitivity and
high sensitivity outputs have turned off while leaving either or
both of the high sensitivity outputs of the loop coils L;_; and
L;j+1 off. To compensate for this, the general control section 72
executes the following processing.

As shown in Fig. 23, assume first that both the low sen-
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i‘dentification by the time the vehicles 48 pass under the second gantry 46
after the passage under the first gantry 44. On the spanning portion
of 'the first gantry 44 are arranged debiting antennas 50 and enforcenent
cameras 52. The debiting antennas 50 are each provided for each of the
w th {RUFVIEraBS RAPBNSANPLCBLIECRH FBULS| ARER) CHFAO8I PFG Bhehine
PO CSBPIHARO L2n e BB CRSRER e E RIS cAL R oSF UERE 168,080 °0"
Lj.1 and Ly, (of Lj,q7 in the diagram) reﬁaining off.
In this case, among three different times to be originally
applied to the quadric curve approximation, it is difficult to
obtain the time when the high sensitivity output of the 1loop
coil Lj,; has turned on. Therefore, the general control
section 62 applies to the gquadric curve approximation as an
alternative, the timé (indicated by white triangle in the
diagram) midway between the time when the low sensitivity output
of the loop coil Ly hés turned on and fhe time when it has turned
off. In other words, a value obféined by adding T/2 (T: the time
taken by the time when the low sensitivity output of the loop
coil L; turns off after having turned on) to the time when the
low sensitivity output of the 1odp coil Ly has turned on is used
in the quadric curve approximation. Thé general'control section
72 executes the same processing as above in the case of the
absence of either of the loop coils Lj_j and Lj,; (for example,
when the loop coil Lj is a loop coil 60 located at the edge of
the road). |
As seen in Fig. 24, assume that thé low sensitivity and
high sensitivity outpufs of the loop coil Ly have turned off
with the outputs of the loop coils Lj_q and Lj,, remaining off.
In this case, without performing the quadric curve approximation,
the éeneral control section 72 establishes the vehicle center

position Cj, (indicated by white diamond in Fig. 24) estimated by

thg first procedure intact as the vehicle center position'cin.
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| ane. As shown, the nunber of the enforcenent caneras to be arranged

may be for exanple 2n - 1 for n lanes (n: natural nunbers). Furt her nor e,
t he ‘'obj ec¢t to be photographed is not restricted to the license plate. That

is,

to identify the type of a vehicle, parts other than the license plate
may be photo- grap Al ternatives naﬁ i nclude a front or rear view of
" the N

camer as é so there_are nore caneras ahan

subst arft?4t | o)

ikyr auserEnPLopither &heodeoRent
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the time when the high sensitivity output of the loop coil Lj

turns on:

As stated in the above bl), the high sensitivity output of
the loop coil 60 whose embedment position is closer to the vehi-
cle center position generally turns on before that of the loop
coil 60 whose embedment position is farther from the vehicle
center position. Depending on the shapes or the widths of the
vehiéles 48, however, the high sensitivity output of the loop
coil 60 whose embedment position is farther from the vehicle
center position may possibly turn on earlier than or simultane-
ously with that of the loop coil 60 whose embedment position is
closer to the vehicle center position. To deal with such situa-
tions, the general control section 72 executes the following
processing;

First, as shown in Figs. 25 and 26, envisage a case where
either one of the high sensitivity outputs of the 1loop coils
Lyj.q and Lj,q (Lj_q in the diagram) has turned on before the
high sensitivity output of the loop coil Ljy turns on. More
magnetic mass of the vehicle 48 may be assumed to lie on the
loop coil Ly, érovided that the low sensitivity output of the
loop coil L;_; is off when the low sensitivity output of the
loop coil Lj has turned off (for example, a case where as shown
in Fig. 25, the low sensitivity output of the loop coil
Lj.1 remains off till the time when the low sensitivity output of

the loop coil Ly turns off after having been turned on, or a case
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integrating all the enforcenent caneras 52 irrespective of a reduced
nunber of pixels in the horizontal direction of individu- al enforcenent
carrer as~52. Together with lighting units 54 not shown in Fig. 1, the
enforcenment caneras 52 are positioned, for exanple, 5.7 neters above the
surface of the road (see Fig. 3). The enforcenent canmeras 52 and

associ #hege igdrihanghumat showne the dew Sqftﬁitlé&éé?lbl@tm‘% qfetidre loop

downst fromthe debit t 50.  Alth t bhe gebit
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such a
coil Lj turns off after the low sensitivity output of the loop

coil Lj_q has turned off). In consequence, the vehicle center
position C;,, (indicated by a white diamond in the diagram) esti-
mated by the first procedure is definitely determined as the
vehicle center position by the general control section 72.
Conversely, more magnetic mass of the vehiclé 48 may be as-
sumed to lie on the loop coil L;_;, provided that the low sen-
sitivity output of the loop coil Lj_; is on when the low sen-
sitivity output of the loop coil Li has turned off (for éxample,
a case where as shown in Fig. 26, the low sensitivity output of
fhe loop coil L; turns on after the low sensitivity output of the
loop coil Liél has turned on and furthermore the low sensitivity
output of the loop coil L;_; turns 6ff after tﬁe low sensitivity
output has turned off, or a case where although not shown, the
low sensitivity output of the loop coil Lj_q turns on after the
low sensitivity output of the loop coil L; has turned on and, then
the low sensitivity output of the loop coil Lj_3; turns off after
the low sensitivity output of the loop coil L; has turned off).
It is appropriate in this case that the vehicle center position
is understood to lie on fhe loop coil Ly_;, not on the loop coil
Lj. Thus, from among the estimation results in fhe first proce-
dure,'the general control section 72 cancels the vehicle center
position Ci, (indicated by a white diamond in the diagram) asso-

ciated with the loop coil Lj, but instead employs the estiﬁation
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manner as to be able to photograph |icense plates of the vehicles 48 which
have passed over | oop coils 60 described |ater. Mdire specifically,
depressions of the enforcement canmeras 52 are so set that the license

pl ates of the vehicles 48 enter capture zones 500 at a point of tine after

t he vehicles 48 have passed over the |oop_coils 60. It is to he noted
that t hEegPiingeseriategswitBnther 1PAR €RLLr LamansSc Ahe SeHNIKRLY pe

deternlgggeggined vehicle center position. 2

Further, envisage a case where either one of the high sen-
sitivity outputs of the‘loop coils Lj_; and Lj,; turns on simul-
taneously with the high sensitivity output of the loop coil L.
For example, assﬁming that the high sensitivity outputs of the
loop coils Ly and Ly_q turns on at the same time, and
that the low sensitivity output of the loop coil Lj;_; remains off
at the time when the low sensitivity output of the loop coil Ly
has turned off (including a case where as shown in Fig. 27, the
low sensitivity output of the loop coil L;j.1 remains off till the
low sensitivity output of the loop coil L; turns off after having
been turned on, or a case although not shown, where the low
sensitivity output of the 1bop coil Ly_j turns on after the
low sensitivity output of the loop coil Lj has turned on and
thereafter the low sensitivity output'of the loop coil Lj turns
off after the low sensitivity output of the coil Lj_q has turned
off). In this case, more magnetic mass of the vehicle 48 is as-
sumed to lie on the loop coil L;. Thus, estimated by the first
procedure is finally defined by the general control section 72 as
the vehicle cehter position is the vehicle center position Cj,
(;ndicated by in the diagtam).

In another example, more magnetic mass may be assumed to lie
between the loop coils Lj_; and the loop coil Lj, providing that
the high sensitivity outputs of the loop coils Ljy and the loop
coil L;_5 turn on at the same time, and furthermore that the low

sensitivity output of the loop coil L;_45 is on at the time when
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pendi ng on the positions of the |loop coils 60, etc., and the speeds of the
vehi cl es 48. Accordingly, the enforcenent caneras 52 may possibly be

provi ded on the second gantry 46. The light- ing units 54 throw |light onto
at least their respective camera capture zones 500. On the spanning

portion of the second gantry 46 are_ debiting confirmation antennas 56 and
line scehfelev saenshtivikty sauiputyeph cbhe gloop (roilidly thag turpedngsf so, .

cach orRng = CATE URRER BRI LoDk 9 e orthe ey oRSOPLRIPAEY |
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output of the loop coil Lj;_j; has turned on and the low sensitivi-
ty output of the loop coil Lj_q turns off affer the low sensitiv-
ity output of the loop coil L; has turned off, or a case where
although not shown the low sensitivity output of the loop coil
Lij.1 turns on after the low sensitivity output of the loop coil
L; has turned on and the low sensitiﬁity output of the 160p coil
Lj.1 turns off after the low sensitivity output of the loop coil
L; has turned off). Thus, from among the estimation results in
the first procedure; the general control section 72 cancels the
vehicle center positions Cy,_1' (indicated by a white diamond
in the diagram) and C;,' (indicated by a black diamond in the
diagram) associated with the loop coils Ly_q and Ly, re-
spectively, but instead eﬁploys their intermediate point Cj;,
(indicated by a white triangle) as the. definitely determined
vehicle center position.
c) When a plurality of Vehicles 48 Pass in Succession over the
Same Loop Coil 60 |

The above procedures are available for the case where the

vehicles 48 are traveling with sufficient distances between them.
In fact, however, the vehicles may not have sufficient distances
to be followed by the loop cdils 60. In such situations, a mere
application of the abové procedures may induce an erroneous
recognition, such as a plurality of vehicles 48 being mistaken

for a single vehicle 48, For example, in a case where plurality
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IR order to elimnate dead spots, as will be described Ilater, the nunber
of the line scanners 58 to be arranged is n + 1 for n lanes. As is
appdrent ‘fromFig. 3, the debiting confirmation antennas 56 and the |ine
scanners 58 are disposed at the sane |evel as the debiting antennas 50
above the surface of the road. Conmunication zones 502 of the debiting
confi r metfi ehdiel@s A3 6l thirimsutficiant distances Ithyumming R8s @Vert h
the IUs 62 on the vehicles 48 at a point of tinme after the vehicles 48
have padd€d 19k Cqide Liodid Hgeesstion. as shqwndday Fdd + i + afker deher e
coi | s. enbedded ,in the grqund an

'gggeggggxi%&:%n%%; Irjgtq; ac;uetput and 1ow sensitivity outpu ofd %’l\'{]eo S1eoop
coil L; have been turned on by the vehicle 48 which has earlier
passed thereover, the low sensitivity output may possibly turn on
as a result of the subseguent vehicle 48 while leaving that high
sensitivity output on, because of the failure of the loop coil 60
to follow the repetitive presence of the vehicles 48. It is
difficult in this case to separate the plurality of vehicles 48
using only the temporal relationships between the on/off timing
of the high sensitivity output and the on/o0ff timing of the low
sensitivity'output. To cope with such situations, the general
control section 72 executes the follqwing processing.

In the case where after both the high sensitivity output
and the low sensitivity output have turned on, the low
sensitivity output has turned off leaving that high sensitivity
output on and then the low sensitivity output has turned on, the
general control section 72 compares the time lapse between the
loW sensitivity output turning on for second time, while the high
sensitivity output on is still on, and the low sensitively output
turning off, with the time T' lapse between the low sensitivity
output turning on for the first time, and after the high
sensitivity output initially turning on.

The comparison results in T > We ¥ T', the general control
section 72 assumes that a couple of vehicles 48 have passed over

the loop coil ; in succession and that'the distance therebetween

was too short to follow using the output of the loop coil'Li. In
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i ndicated by rectangular frames in Fig. 1. In response to the passage of
the vehicles 48 (nore generally, magnetic materials) thereover,

i nduct ances of the loop coils 60 vary. Thus, the passage of the vehicles
48 can be detected by detecting changes of voltage anplitudes or phases

whi ch nmay appear in the outputs 23 of
the | oobPtDiFa8s80 Fheageppganceontrrly §eFkirBnd2onsprast Xhatsathrm &

SUppIyl{§b§%t§£na}hngf%egn%ks &g%osgggikgggtgogh%pgg hlg turned off, the
preceding vehicle 48 has passed over the loop coil L; and that at
the same time the following vehicle 48 has entered the zone of
the loop o0il Lj. The vehicle center position of each of the
vehicles 48 is definitely determined by thé principles described
hereinabove. Conversely, with T < Wi * T', the general control
section 72 assumes that a single'vehicle 48 has caused an inter-
mittent turning on of the low sensitivity output. This allows
for the fact that with large-sized vehicles such as trucks, the
low sensitivity output may turn on twice with an off state there-
between, first by the front wheel axle and then by the rear wheel
axle. .

It is to be noted that in the case of successive passage
of-three or more vehicles 48, T/2 is used as T' associated with
the second or later vehicles. Wy is a value in the order of 2.
iv. Flow of Processing

The first to third procedures described hereinabove can be
specifically implemented by the following processing flow.

Referring to Fig. 30 there is depicted an entire flow
pertaining to the first to third procedures among the
processing flows of the general control section 72. As sho&n,
in response to'énergization, etc.,'the general control section 72
first executes predetermined data initialization processing
(2000), and receives detection data from the loop coils 60 in the
form of high sensitivity outputs or low Sensitivity outputs

(2002). In accordance with the thus attained detection data, the
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| oop coils 60 are enbedded at predeterm ned points between the first
gantry 44 and the second gantry 46, each | ane being enbed- ded with two or

noré | oop coils. For exanple, three loop coils 60 rmay be di sposed within
one Iane as shown in Fig. 4, or four |loop coils 60 may be placed as shown
in Fig. 5. The use of_such ~ a multiplicity of |oop co for each | ane
will corﬂ?’P%ﬂJe cQntrRt i SRFYieR 'ﬁ?et"égﬂ"cﬁﬁ d?u?/e?ﬁ%l'éelbﬁgiﬁgﬁeﬁb'?ﬁ POSd —at

det oot n*rgieciﬂﬁf#é)@%# & 'sa%?eﬁa i e it ceo Pl “profldtngsl arg
detect Hies erns {%édﬂ? élafté/eéﬁé'c?oxﬁ?er?és%P'ghcorﬁ:ﬁéﬁbukéoﬁho%reover

based on patt variations 1 n out
graphlng command) as to which enforcement camera 52 is to be used

and on how to photograph with the selected camera (2004). The
general control section 72 imparts the thus set photographing
command to the vehicle photography section 114, and in conformity
with this command and under the control of the vehicle photogra-
phy section 114 the enforcement caméra 52 photographs the license
plate, etc. (2006).

The vehicle center position judgment by'use of the above
first to third procedures need not be executed when there is no
change in the detection data attained in the step 2002. That is,
the above first to third procedures all utilize a facf that the
high sensitivity or the low sensitivity output has turned on
(rise) or turnea off (fall), and hence the general control sec-
tion 72 completes the step 2004 without setting any photographing
commands as long as there is no change in the detection data
attained in the step 2002 (2008).

On the contréry, when there is any change in the detection
data attained in the step 2002, the general control section 72
executes for each of the loop coils 60 the processing utilizing
the on/off timing of its high sensitivity and low sensitivity
outputs (2010); In Fig. 30, represented as a high sensitivity
fall processing is processing which is triggered when the high
sensitivity output of the loop coil 60 has turned off (2012),

represented as a low sensitivity fall processing is processing
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of the loop coils 60, it is possible to recognize the type of the vehicle

48 whi ch has passed over those loop coils 60. It wll be appreciated that
the 1 oop coils 60 may be enbedded on the downstream side of the second
gantry 46. Aline 64 is further provided on the road side, and this

can be used as an alternative to the | oop coils 60. The |line 64 i
conpos &P iFh o ab T HI9RE RS p‘%\'??‘érYP%f el a%eg‘%i‘rﬁi’-%ﬁx OUPY; RRs t’t‘E’Pﬁ‘l’ ne§f
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scannery
has turned on (2016), and represented as a low sensitivity rise

processing is processing which is triggered when the low sen-
sitivity output has turned on (2018).

Figs. 31 +to 34 described below depict the contents of
these high sensitivity fall processing, low sensitivity fall
processing, high sensitivity rise processing, and low
sensitivity rise processing. To facilitate the understanding,
flows shown in Figs. 31 to 34 will be explained in accordance
with the wvariations in the output of the loop coil 60.

a) Loop Coil L; where High Sensitivity Output Turns On and then
Turns Off, while its Low Sensitivity Output Remains Off

First, assume that the high sensitivity output of the loop
coil Ly has turned on at a certain point of time. .Then,-the
high sensitivity fall processing shown in Fig. 33 (2016, 2020) is
executed. In Fig. 33, the general control section 72 first
stores the time when the high sensitivity output of the loop coil
L; has turned on (2022). Thereupon, the general control section
72 is témporariiy "waiting for judgment" of the type of wvehicle
48 which has entered the zone of fhe loop coil Ly (2024), and
estimates and stores of the loop coil Ly (2026) as the vehicie
center position the embedment position.

Assume that thereafter the high sensitivity output of <the
loop coil L; has turned off with its low sensitivity output

remaining off. Then, the high sensitivity fall processing as
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and-white pattern. When the vehicles 48 pass across the line 48, the
bl ack-and-white pattern of the inmages will be obscured. Therefore, from

the state of this observing, it is possible to

24 recognize the passages of the vehicles 48, passage positions, and the

types of vehicles, difference in reflectance betmeegb the "bl ack"
rnt

and'WMﬁhQW“pH?t?%%s %* f%@lﬁatgg?ﬁ)c%ﬂ exeqptedzedIntbiger

CaHIM%gégggg (goéégoingéggfgga%bogig;td§£g§é§Qghe-tlme when the high
sensitivity output of the loop coil L; has turned off (2030).
Thereupon, the general control section 72 "waits for judgment" of
the type of the vehicle is "waiting for judgment" or not (2030).
Sincé it is "waiting for judgment" at this point, the action of
the general control section 72 advances from the step 2032 to the
step 2034. It is judged in the step 2034 that the type of the
vehicle is a motorcycle. In fhis manner, the first procedure can
be implemented.

After the execution of the step 2034, the flow shown in Fig.

35 (2036) is executed. In the flow shown in Fig. 35, it is
first judged whether or not the vehicle 48 which has entered the
zone of'the loop coil Li'has been judged to be an automobile
(2038).  Ssince it has been judged at this point to be "a motor-
cycle“ in the preceding step 2034, the action of the general
confrol section 72 advances from the step 2038 to step 2040. 1In
the step 2040 a distance between the loop coil Ly an¢ the vehicle
centef of the vehicle closest to that ;oop coil L; is found. The
vehicle center used here refers to the vehicle center position of
the vehicle 48 among the vehicles 48 whose vehicle center posi-
tions have been hitherto stored whose type has been judged to be
an automobile. Provided that the thus found distance is less
than the reference distance Cgide (2042), then the general con-
trol section 72 assumes that "the vehicle 48 having the above
vehicle center as its vehicle center is the very same as the

vehicle 48 which has passed over the loop coil P;. Thus, the
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dent of environnental factors. The |ine 64 extendi ng across

es is forned, for exanple, of paint of alternate black and white at

rmned intervals. This will contribute to inexpensive formation of

ne 64, but will instead require relatively frequent mai n- tenance
the line 64 ma

3@-5333'@??“ o BRTnS .%'%gedTghns aﬁlﬁrtiopée Eae1 dRgE: catiatiion
FRCEhR PERP. D R-e MRl (B et (PRl UBpRent  TpRkIES, P, o

the roadoySisyal bhd Wiy 20311 20k Vsl CIRACR " £rBh EHEARERAGE AR N

Providing that the calculated distance exceeds the reference
distance Cgjige- then the general control section 72 omits the
step 2044. The procedure exemplarily shown in Figs. 20 and 21
is implemented in this manner.

After the execution of the step 2042 (and 2044), the
action returns to the flow shown in Fig. 31 to execute the
processin§ for definitely determining the vehicle center
positions (2046). More specifically, the above automobile center

(when it is obtained in step 2042 the judgment result that it is

"less than the reference distance cside) or thé vehicle center

- position stored in relation to the loop coil Ly in step 2026

(when it is obtained in step 2042 the judgment result that it ex-
ceeds the reference distance Cgige is definitely determined as
the vehicle center position of the vehicle 48 which has entered
the zone of the loop coillLi ). Afterwards, in accordance with
the thus established vehicle center position the general control
section 72 sets the contents of the photographing command to be
imparted to the vehicle photography section 114 in the step 2006
(2048). Namely, -the general control section 72 specifies a
single or a plurality of enforcement cameras 52, so as to be able
to photograph the license plate of the vehicle 48 having the
established vehicle center position as its vehicle center posi-
tion, and if possiblé, generates a command for controlling the

degression thereof.
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pai nt, and hence black tiles, etc., need not be enployed. In addition, the
line 64 may be conprised of reflectors. Due to |arger reflectance, the

reflectdrs will nore positively ensure effects simlar to the case of the
tiles and the like. In addi- tion, the line scanners 58 may be fitted with

g U S Pk, Al SEoB S OB S o aa g o
0%, YRS 50 By b0 SRERIRER Rute! BTt DoAY AR, o,
manner, pf BSre Vi €5kl 5ASs8hsk 2061 £6PBLEPLEITLIFASS opgul d be allowed to fall
Consideration will now be given to a case where the high
sensitivity output of the loop coil L; turns on and thereafter
its low sensitivity output turns on and off only one time
before the high sensitivity output turns off. In this case,
at the time when the highlsensitivity output turns on, the high
sensitivity rise processing is executed (2016, 2020). Thus, the
type of the vehicle is set to "waiting for judgment" (2024), and
the position at which the loop coil Lj is embedded (2026) is
stored as a temporary vehicle center position. Thereafter, when
the low sensitivity output turns on, the low sensitivity rise
processing is exeéuted (2018).
At the time when the low sensitivity output of the loop coil
Ly turns on (2018, 2050), the low sensitivity delay time as shown
in Fig. 34, i.e., time T' taken for the low sensitivity output to
turn on after the high sensitivity output has turned on (2052,
see Fig. 29) is calculated in principle. Afterwards, the general
control section 72 stores the time when the low sensitivity
output has turned on (2054), judges that the vehicle 48 which
has entered tbe zone of the loop coil Ly is an automobile
(2056), and in principle returns to the flow of Fig. 30.
The second procedure exemplarily shown in Fig. 18, etc is imple-
mented in this manner. . _
Thereafter, when the low sensitivity output of the loop

coil Ly turns off (2014, 2058), the time is stored as shown in
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within the capture zones 504. - In the exanple of Figs. 6 and 7,

25 the |ine scanners 58 are each capabl e of w de-angl e photograph- ing,
and adjoining |line scanners 58 have overl apped capture zones 504. The line
scanners 58 -at two extrene ends are positioned apart from shoul ders

T ant Tgi T2 QR arfnd ¢ TR Glin hisoed ahetien S e 3 FFPecPFow
accuratt%éj e\;e CIc’:fé'shas been judged to be an automobile (2062). Since

it has been judged to be an automobile in the preceding step
2056, the action of the general control section 72 advances to
step 2064. It is judged in step 2064 whether or not this low
sensitivity fall is the first fall after the high sensitivity
rise. Since here an example where the loﬁ sensitivity turns on
and off only once after the high sensitivity output has turned on
is considered, this low sensitivity fall is judged, in step 2064,
to be the first fall after the high sensitivity rise. With such
result of judgment, step 2066 is executed, whereupon the action
of the general control section 72 advances to the flow shown in
Fig. 35.

Since it has been judged to be an automobile in the preced-
ing step 2056, the action of the general control section 72
advances from step 2038 shown in Fig. 35 to the steps 2068 and
2070. In step 2068 is judged whether the high sensitivity output
of the loop coil L; has turned on earlier than that of the loop
coil Lj_1, and in the step 2070 it is judged whether or not the
high sensitivity output of the loop coil'Li has turned on
earlier than that of the loob coil Ly, q.
bl) Case in which the high sensitivity output of the loop coil
Ly turns on earlier than the high sensitivit& outputs of the
loop coils Lj_q and Lj 47

The situation will be assumed to be as shown in any one of
Figs. 22 to 24 in the case where thé high sensitivity oqtput of

the loop coil L; has been judged to have turned on earlier than
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of notorcycles traveling beside a vehicle of larger height, such as a
doubl e- decker bus. Di sposed at the side of the road is a | ocal
cantrol | ér 66 serving to control the equi pment nounted on the first 44 and
second 46 gantrles and maki ng use of this equipnent to obtain transaction

contral t gffog}engg%&ggg;%'ﬂg,%ggtgg' 1 the,153bs G afi’au”iﬁé‘%%g{é&rl‘aﬁdsy“ .
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depi ct ed; Aoy YBChLPPBkimation depicted in Fig. 37 (2072), deletes data
~stored as the vehicle center position in step 2026 (2074), and
stores a quadric curve peak found by the quadric curve approgima-
tion as the vehicle center position of the vehicle 48 which has
entered the zone of the loop coil Ly (2076).

In ‘the flow depicted in Fig. 37, the gquadric curve
approximation is impiemented as follows. It is judged in this
flow whether or not the high sensitivity outputs of the ioop
coils L;_1 and Ly,, are on (2078, 2080). In the case ﬁﬁere the
high sensitivity outputs of the loop coils L;_; and Li+1‘both
turn on after the turning on of the high sensitivity output of
the loop coil Ly (see Fig. 22), the time lapse from thefhigh
sensitivity outputs of the loop coils Lj_; and Lj4+1 ‘turning on
after the high sensitivity output of the loop coil Lj haé turned
on (2082, 2084) is respectively calculated. Together with the
time (= 0) when the high sensitivity output of the loop coil j
has turned on, the resultant times’are applied to a quadratic ex-
pression.(2086), and then a peak of the quadratic expression is
found (2088).

In the caée where after the high sensitivity output of the
loop coil Lj has turned on, only one of the high sensitivity
outputs of the loop coils Li-1 and Lj,; turns on with the other
femaining off (including the case of absence of the other loop

coil in question), half of the time_iapse from the low sensitivi-

ty output of the loop coil L; turns off after its turning on
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configuration of the local controller 66 for three |anes. In the case of
an i ncreased nunber of |anes, additional conponents are correspondingly
provided. For sinplicity of representation, a single |local controller 66
is provided although in the actual systema plurality of local controllers

The | ockiORBn #8778 BBICERE: FEBULENTENPBRASE TR r BFF cFUSEARRLS SBOFEP-
i vi dtiy prti GeaSPuRSEEE, "3r THePPERLELE dro ot R e R Tk YR 11 ng
ant ennas; 30 A& {SONET 8 FoEst N8t Bhge24.

b2) Case in which the high sensitivity output of the loop coil

Ly turns on later than or simultaneously with that of the loop
coil Lj_q:

The situation will be assumed to be as shown in any one of
Figs. 25 to 28 when the high sensitivity outpuf of the loop coil
L; has been judged to have turned on later than or simultaneously
with that of the loop coil L;_1 in step 2068. For this reason,
the general control section 72 evaluates whether or not the
vehicle center position stored in connection with the loop coil
Li in the'step 2026 can be treated as a vehicle center position
of the vehicle 48 which has entered the zone of the loop coil L4
- (possibility examination of the vehicle center; 2094).

The processing of step 2094 is implemented by invoking tﬁe
flow depicted in Fig. 36 with the setting of x = i - 1. In the
shown flow, it is first judged whether a judgment result that
the type of the vehicle associated with the loop coil L, (Lj_q in
this case) is an automobile (2096) has already been obtained. If
it is judged that the judgment result that the type of the wvehi-
cle assopiated with the loop coil Ly is an automobile has not yet
been obtained, then the situation can be regarded as one shown
in Fig; 25 or 27. Thereupon, the action of the general control
section 72 immediately advances to the step 2098 of Fig. 35. It
is judged in the step 2098 whether or not the high sensitivity

output of the loop coil Ly has turned on earlier than the high
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26 | anes. The debiting antennas 50 are each used to conmunicate wth
the U 62 mounted on a vehicle 48 for the purpose of debiting. For

conmiuni cation with the U 62, the ANTC 70 re- ceives commands froma
general control section 7. The ANTC 70 processes information obtained as a

result of the comunication_ and then supplies it to the gener.al tr
sectionsq@51tiVitYTﬂEtPE¢6?fhﬁgealeeﬁfPﬁgRaPi@m dpesiray &ﬁbﬂ?d] h as

shown i R Se Sturdds oY 83rifed, YBht §h8EATIEAtIoY R assumes
that "the vehicle center position stored in relation to the loop
coil Ly in the step 2026 can be treated as the vehicle center of
the vehicle 48 which has entered the zone of the loop coil L;",
and brings the low sensitivity fall processing to a termination.
As a result of this, it is possible to deal with the situations
shown in Figs. 25 and 27.

If it is judged, in step 2096 of Fig. 36, that the judgment
result that the type of the vehicle associated with the ;oép
coil Ly, is an automobile has been.obtained, the situationncan be
fegarded as one shown in Fig. 26 or 28. Thereupon, the general
control section 72 judges whether or not the high sensitivity
output of the loop coil L; has turned on simﬁltaneouSly with the
high sensitivity output of the loop coil L, (i.e., Lj_1) (2100).

If judged to be not simultaneous, it is conceivable that the
high sensitivity output of the loop coil L; has turned on later
than the high sensitivity output of the loop coil L, (see Fig.
26). Thereupon, the general control section 72 assumes that
"the vehicle center position stored in connection with the loop
coil Ly in step 2026 is not to be treated as the vehicle center
position of the vehicle 48 which has entered the zone of the loop
coi; L;", and deletes the vehicle center position stored in
relation to the loop coil Lj in the step 2026 from the storage
data (step 2102).

Conversely, if judged'to have turned on simultaneously (see

Fig. 28), then the general control section 72 assumes that "the
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(for exanple, below a rear view mirror) of the vehicle 48. As shown, the
|U 62 includes an antenna 74, a radio section 76, a reader/witer 78 and a
cantrol section 80. The antenna 74 is an antenna for radi o conmuni cati on
with the debiting antennas 50 and with debiting confirmati on antennas 56.

Usi ng the antenna 74 he radi o section 76 gerforns signab cgnnunication
wi t h™ t hgehiele CEBF?FOPPﬁﬁtGBn shered iR FRRReerion withsihe: jogp colls

i nforma:

From t nishft Luard S3e0 PRZPcifontE 18 B8.EFCakedces. "PRbi8s Re et "
section ggl éﬁuhgstﬁgtUékféféhggt%ﬁf&ﬁQﬂage%H@SQeﬁh%hesEBBEscé&dtﬁ% and

the IUB en contro he operation
loop coils Ly and L,", and deletes the vehicle center position

.stored with respect to the loop coils L; and L, in step 2026 from
the storage data (step 2104). After the execution of step 2104,
the general control section 72 stores a mid-position between the
positions in which the loop coils L; and L, are separately embed-
ded, as a vehicle center position of the vehicle 48 which has
entered the zones of the loop coils Ly and L, (step 2106).

After the execution of step 2102 or 2106, the action of the
general control section 72 advances to step 2098.

When in step 2070 or 2098 it is judged that +the high
sensitivity output of the loop coil L; has turned on later than
or simultaneously with the high sensitivity output of the 1loop
coil Li+1- the general control sectibn 72 invokes the flow
shown in Fig. 36 with the setting of x = i + 1. In the case
where it has already been judged that the vehicle 48 which has
entered the zone of the loop coil Lj,; is an automobile, the
general control section 72 assumes that "the vehicle center posi-
"tion stored in relation to the loop coil L; in step 2026 can be
treated as the vehicle center position of the vehicle 48 which
has entered the zone of the loop coil Li"' and terminates the low
sensitivity fall processing (2096). In the case where it has
not yet been judged that the vehicle 48 which has entered the
loop coil L;,.; is an automobile, the general control section 72

judges whether the high sensitivity output of the loop coil Lj
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the U 62. In the case where the 1UG62 is additionally provided with a

di spl ay, subsequent to debiting confirmati on communi ca- tion, the control

section 80 allows the balance of the smart card 82 to appear on a screen

of the display. Referring back to Fig. 8, +the local controller
detection section 84. The

Oohi o1 o Tias doraa S HreH e | G Gl APTTHCYe Sy B 9F dEbecLPSR
uni ts 8%01“31a hiflorc;restq'i)&q{ib% t&e&&fﬁv‘)ﬂq} r1:%.11:put of the loop coil L; has

turned on simultaneously with the high sensitivity output of the
loop coil Lj,q (2100). If judged to be not simultaneous, the
general control section 72 assumes that "the vehicle center
position storéd in relation to the loop coil L; in step 2026 is
not to be treated as a vehicle center position of the vehicle 48_
which has entered the zone of the loop coil L;", and deletes
the vehicle center position stored in relation to the loop coil
L; in step 2026 from the storage data (step 2102). Conversely,
if judged to be simulfaneous, the general control section 72
assumes "the vehicle center position stored in relation to the
loop coils Ly and L, in step 2026 is not to be treated as the
vehicle center position of the vehicle 48 which has entered the
zones of the loop coils Ly and L, 2", and deletes from the storage
data the vehicle center position stored in réiation to the loop
coils Lj and L, in step 2026, and stores a mid-position
between the positions where the loop coils Lj and L,
are separately embedded, as the vehicle center position of the
vehicle 48 which has entered the zones of the loop coils L; and
Ly, (2106). After the execution of step 2102 or 2106, the action
of the general control section 72 advances to the step 2098.
c) Loop Coil L whose High Sensitivity Output Turns On and
whose Low Sensitivity Output thereafter Turns On/Off a Plurality
of Times Before its High Sensitivity Output Turns Off
Consideration will be given of a case where the high

segsitivity output of the loop coil L; turns on and thereafter
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27 lanes. The | oop-type vehicle detection units 86 each perform
processi ng, upon vehicle detection, by use of |loop coils 60 enbedded in
thé correspondi ng | anes. The | oop-type vehicle detection units 86 each
serve to detect that the vehicle 48 has passed over the associated | oop

ol s PReaid! 6elsiBevieIULLILR. (hIRLORNELAL BN AN SPE1 LB EFa1 1y

Fig. cts a tuncti BOt | guration o oop-type

detectypneymbl BEfokar theMBligh! Séhb@@i@itge&'@ﬁ@ﬁté‘ﬁfﬂg .offhe £RNEh@Hr ation

I's shown corresponding to oné | oop coil t he | oop-type vehicle

det ect&88e UnsimB8Baraltbethal aB@ibH B8NEtated in b) the action is taken
from the time when the high sensitivity output has turned on,
through the first turn-on of the low sensitivity output, up to
the timé when the low sensitivity output turns off for the first
time. |

At a point in-time_when the low sensitivity output of the
loop éoil L; ‘turns on and off once and thereafter turns oﬁ
(2018, 2050) again, the step 2052 shown in Fig. 34 may be omit-
ted. More specifically, the current "turn-on of the low sen-
sitivity output" is assumed to "have been caused by the second
vehicle out of a plurality of vehicles 48 which have entered the
zones of the loop coils without keeping sufficient distances
therebetween" or to "have been caused by a single vehicle 48
haviﬁg two or more on-durations of the low sensitivity output
such as a truck”. Hence, in any caée, there is no need to find
the iow.sensitivity delay time T' depicted in Fig. 29. For this
reason, it is judged in the flow of Fig. 34 that'whethér or not
the current "turn-on of the low sensitivity output" is "the
second or later turn-on of the low sensitivity output caused
after the high sensitivity output of the 1loopcoil L; has
turned on but before that high ?engitivity output turns off
(2112), and if the judgement:ié'affirmative, the step 2052 is
omitted. '
After the execution of the step 2056, the general control

section 72 judges whether the current "turn-on of the low
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signal s output froman oscillation section 88 are power anplified through
a power anplifier section 90 and then supplied to the loop coil 60. In
Tesponse to the passage of the vehicle 48 over the |oop coil 60, the

i nductance of the loop coil 60 is in- <creased, resulting in a raised

80 o GBPBELraK EAPRtBe oSl Bhar Cldauipe, Pk S o ofiEhe s 8

60 a d I's “connec
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vol t age. reSults of detection t he detection resistor 92 are

processgdp Byidsdaiehdt keRpitld ufdieientdhidtithddiencifiiid &fedR” or

coupl e of conparators 96 and 98. The conparators 96 and 98
" caused by a single vehicle 48 having two or more on-durations
of the low sensitivity output such as a truck" (2114). To be
concrete, this judgment is implemented by the comparison between
T and Wi *T', That is, with T>W *T', the general control section
72 judges that the current "turn-on of the low sensitivity out-
put" has been "caused by the second vehicle out of a plurality of
the vehicles 48 which have entered the zones of the loop coils
without keeping sufficient distanses therebetween"”", and executes
the step 2116 and the steps which follow. Conversely, with
T<W4*T', the general control section 72 judges that the current
"turn-on of the low sensitivity output" has been "caused by a
single vehicle 48 having two or more on-durations of the low
sensitivity output such as a truck", and completes the low sen-
sitivity rise processing.

In the processing of the step 2116 and the steps which
follow, the general control section assumes that at a point of
time after a lapse of T/2 aftsr the low sensitivity output has
turned off, the preceding vehicle 48 has passed over the 1osp
coil L; and that at the same point of time, the closely following
vehicle 48 has entered the zone of the 1loop coil Ly
(estimation of the hiéh sensitivity fall time and setting of high
sensitivity rise time; 2116, 2118). The general control section
72 further definitely determines the vehicle center position

which has been defined with respect to the last low sensitivity
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conpare two respective threshol ds which have been set at values different
fromeach other with the output of the DETC 94. The results of conparison
are transferred as signals indicating the passage of the vehicle 48 to the
general control section 72. Hereinafter, the threshol ds associated with

the COMBALAROLH Hhratidn’By kel BLEVLSHS' BoRTc] g3 8N RE I LW

sensi t1 Vi 8t hres

S B Y ng B, SRS ORERRCAROR a0 bRk
duration (2120, 2122). Also, the general control section 72
judges the type of the véhiclé to be an automobile (2124). 1In
this manner the procedure ekemplarily shown in Fig. 29 is impele-~
mented. The same can be said of the third or later vehicles.

(7) Correlation Processing between Passage Vehicles and
Communication Results |

Fig. 38 depicts processing for correlating the passage
vehicles with the communication results to ensure more accurate
specification of the illegal vehicles.

As shown in this'diagrém, the local controller 66 first
executes a predetermined initialization processing (3000). After
the execution of the initialization processing and upon receipt
of signals (communication data) from the IU 62 through the debit-
ing antenna 50 or the debiting confirmation antenna 56 (3002),
the local controller 66 stores the thus received communication
data into a database within the general control section 72. The
loéal controller 66 repeatedly makes coincidence calculations 56.
depending on the number of the communication data items received

(3004). As soon as information (capture-data) on license plate |

images obtained by the actions of the loop coil 60 and the en-
forcement cameras 52 (3006), the local controller 66 storeé them
into the aatabase within the interior of the general control
section 72, and repeatedly makes coincidence calculations depend- -

ing on the amount of capture data obtained (3008).
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sensitivity and low sensitivity outputs. It is to be appreciat- ed that a
variation in inductance may be detected as a change in phase although it
is etected as a change in voltage in the circuit of this diagram

The local controller 66 depicted in Fig. 8 further conprises a line-type

Section o4, FhE °“?ﬁ§a? SRondiriters tef ctet b thee WRAB0S, EBREEAIcREER "
det ect | BoLlESPATSR08 0LiLBECHCHLEh ol LBl PBEVL G- LHELERILES (3rid®

gener al = ¢con- prcts unc | oha

Confi9”(@@199,Oéhéhfoééﬂecontroller 66 initiates the vehicle specifica-
tion processing (correlation mapping) while using as an index
the validity calculated by a given algorithm in step 3004 or
3008. At that time, from among the capture data which have been
heretofore attained and stored in, the database, the local con-
troller 66 selects the capture data available for fhe vehicle
specification processing (3012), and supplies the thus selected
capture data one by one to the processing associated with the
steps 3014 to 3020. In other words, the processing associated
with the steps 3014 fo 3020 is repeatedly executed the number of
times corresponding to the number of capture data selected.

In step 3014, communication data are selected for which the
capture data being currently used for the vehicle specification
processing are supposed to be valid according to the validity
calculated in the steps 3004 and 3008. If the number of the
communication data thus selected is one or less (3016), the local
controller 66 concludes that the vehicle 48 associated with the
selected communication data is identical to the vehicle 48 asso-
ciated with the capture data being currently used for the vehicle
specificatién processing (3018). On the cohtrary, if a plurali-
ty of communication data have been selected in the step 3014
(3016), then the local controller 66 groups these communication
data and correlates them with the capture data being curfently

used for the vehicle specification processing (grouping process-

ing; 3020).
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t&pe vehi cl e detection section 100. As shown, the line-type vehicle

detection section includes a |line scanner controller 102, | i ne scanner
data read sections 104, a vehicle detection section 106, a calibration
section 108, a Iline scanner iris control section 110, and an interface

he scannd6Us WA PRRARFEOR| of L%%%ﬁ#fﬁb&%oﬁz%%#p%dp@? R0 g
responsgy ﬁé'ecé#{?ﬁi‘é ahfs %éi‘&cé rﬂ?rétegggp%ﬁr:% r!L&céi ontfo

supply res tant Tnage srgnals to the corr scanner ata r ead

secti ongg 1mpifes | the §é§ﬂi‘€é SRlghd %bc%dgorﬁy ]é)é’e;%’r!i’(ﬁré e 3020€

signals into digital data, and

so as to optimally correlate the capture data used for the
vehicle specification with the communication data éssociated with
a single vehicle (confirmation of the specification results;
3022). While carrying out the processing such as communication
with the system central controller 68 in accordance with the
results of the vehicle specification thus obtained, the local
controller 66 deletes the capture data and communication data
which have been correlated with‘each other by the wvehicle speci-
fication processing, from the database within the interior of the
general control section 72 (3024). Afterwards, the flow of the
vehicle specification processing by the local controller‘66
retu:ns to step 3002 waiting for the communication data and
capture data to be received. |

Irrespective of the widér communication zones of the debit-
ing antennas 50 and debiting confirmation antennas 56, the
execution of such ﬁfocessing will allow identification of a
plurality of vehicleé 48 travelling side by side or in tandem and
accurate correlation bétween.the identified vehicles and the
respective license plate imagés.
(8) Second Embodiment

Although the above dgscription has been given on the basié'
of the system configuration as depicted in Fig. 1, the present
invention is not intended to be limited to such a system configu-

ration. With the obviating of the line 64 and the line scanners
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store themin internal inmage memories. On the basis of the data stored in
the i mage nenory, the vehicle detection section 106 perforns the

protessi’ng on detection of the vehicle 48. Trans-
29 ferred to the general control section 72 through the interface section

12 15 S0 SRR TS TR B et e | U P Siot GRG0 e

vehi cl %ﬁ%ﬂu&@%%%&é%r&%f fownstream side of the second gantry
46, and the enforcement cameras 24 may be arranged on the second
gantry 46, not on the first gantry 44.

The absence of the line 64 and the line scanners 58 can
obviate the maintenance of faded line 64 or the like. This means
that no fraffic will be blocked for such maintenance. Furthér,
when covered by rain, snow; dust or the like, the line 64 is
prone to a problem that it is optically.shielded from the line
scanners 58. This embodiment is free from such a problem since
neither line 64 nor the line scanners 58 is used. Assume that
the vehicle 48 stays on the line 64 for a relatively long period
of time. In such a case, control of a diaphragm of the line
scanners 58 may become unreliable or cannot be performed at all
unless it is operated in response to an output.of the loop coils
60. For preventing such a'problem, in the first embodiment, each
of the capture areas of line scanners 58 in Fig. 1 are correlated
with loop coils 60. For example, as shown in Fig. 49, the line
gcanner 581 is correlated with the loop coils 601, 602 and 603;
the; line scanner 582 is correlated with the loop coils 603, 604
and 605; and so on. Each of the line scanners 58 is operated, in
accordance with the loop coil ON/OFF signal shown in Fig. 11,
such that the value of its iris is kept when at ieast one of
corresponding loop cbils 60 is ON and is controlled to an
adequate value when at least one.of the corresponding 1oob coils
60. |

In the second embodiment, as described above, the lire
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and its passage positions (in |ane crossing direction).. The genera
control section 72, if needed, issues commands via-.the interface section
112 to the calibration section 108. |In conpliance with the conmands from
t he general control section 72, the calibration section 108 reads data

fromthe.i jes of the line s nere.dat a e [ ons 4

accor - S%gggn%g%vmﬁr%éblrg% -%%%%iﬁﬁ%‘ pmf%foc%dt é‘fl}]eggnls%ﬁ%ggr%%\gs%%t%
t he calj.Rhr.aki §ﬁ%;4 ' 4 b L

conf[ rolk)e?elglle% 11 l\ﬁcﬁﬁlﬂ%aﬁiﬁ%ont roi ?‘%ﬁ%‘%érzl?sélo tﬁr?%se %%%ﬁrn%%-s
58 In #R3PH%e RddiferPBREe ddt GRR&Edary, Oin tild EnBYPinehSUNshi ne,

etc., this control allows data show ng

(9) Third Embodiment

'Fig. 40 is a perspective view showing an external appearance
of a system according to a third embodiment. 1In the this
embodiment, both the loop coils 60 and the line 64 are disposed
slightly downstream of the second gantry 46, and enforcement
cameras 52 are arranged on the second gantry 46. This system is
as effective as that of the first embodiment.
(10) Fourth Embodiment

A system according to a fourth embodiment is configured as
shown in Fig. 41. In this émbodiment, a white line 132 (made

. from white tiles or a reflecting plate) is formed across the road

slightly downstream of the second gantry 46. A plurality of
distance sensors 134 are arranged on the second gantry 46 so as
to take pictures of the white line 132 to a predetermined width
in the lane crossing direction and to perform the triangulation.

_ Referring to Fig. 42, each qf the distance sensors 134
comprises a light emitting element 136 and a light receiving
element 138. For instance, the light emitting element 136 is LED
while the light receiving element 138 is PSD. Light beams from
the light emitting element 136 are projected onto the road sur-
face via a lens 140. Light beams reflected from the white line
132 or the wvehicle 48 moving on the white line 132 are received
by the light receiving element 138 via a lens 142 present below

the light receiving element 138. Use of the distance sensors 134

[ i
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t he bl ack-and-white pattern to be formed in the inmage nenories of the |ine
scanner data read section 104. The local <controller 66 further
conprises a vehicle photography section 114 for the processing

and control pertaining to enforcenent caneras 52, and an i nmage

o or ahAb1es*the” Rereiretan G4 amnsLosRnER beSrn. Paabe ot Arapee” Y N
ARy g \ : Y .
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mermory/ 3gl,8h8 detewls Q.0 %eli%adagg\ﬁi*t@ﬁéﬁagf tAbeyenibaecsBeghien 142

consisting of an interfaCe associate I mage

relatively low) on the basis of the principle of the
triangulation. In other words, it is possible to detect the
presence or absenqe of vehicle 48 on the white line 132.
Further, it is possible to measure the distance between the
distance sensor 134 and the vehicle 48 present on the white line
132 when it has a relatively low height. When the light receiv-
ing element 138 does ﬁot receive any light beams emitted from the
light emitting element 138 and reflected from an object, it is
recognized that the object has a relatively large height as shown
by a square in Fig. 42. Therefore, this syétem can also detect,
in a preferable high and reflects the light beams from a position -
outside the measurement range;

Fig. 43(a) shows the operation of the distance sensor 134 on
a time-divided basis. 1In this embodiment, a plurality of, for
example, 32 light emitting elements 136 are arranged in series
along the 1ane_crossing direction, and each of the light emitting
elements 136 projects light beams along the white line 132 in
such a manner as to scan across the road surface. During the
scanning, both the light emitting 136 is receiving elements 136
and 138 are turned on a plurality of times (e.g. 32 times) so as
to measure the distance to the road surface each time it is
turned on. When there is no vehicle 48 on the white line 132,
measurement results are always constant as shown in Fig. 43(b),

i.e. indicate the height of the position where the sensor 134 is
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out put . The i mage conpression section 116 includes inmage com

30 pression units 124 provided in correspondence to the enforcenent
careras* 52. In response to the detection of passage of the vehicle 48
by the | oop-type vehlcle detection section 84 or the line-type vehicle

det ecty o S0l ON 001 d sgsesrathgomaaguggrﬁgﬁeo @1tbSaYES cBmpakbhe"

connan one of or Cerneht caner as
to be a threshold value which is a criterion shown by a dashed

line. This means the absence of the vehicle in the measurement
range each time the light emitting 136 is turned on, as shown in
Fig. 43(c). Conversely, when the vehicle is present on.the white
'line 132 as shown in Fig. 43(a), the measuremenf results are as

. shown in Fig. 43(d) according to the height of the vehicle 48.
The measurement results are checked with reference to the cri-
terion shown by the dashed line. The position of the vehicle 48
in the lane croésing direction is defected on the basis of'timing
at which the light emitting 136 is receiving elements are turned
on. Therefore, by using the triangulation, it is possible to
recognize where the vehicle 48 is present along the lane crossing
direction, and time-divided turning-on of the light emitting and |
element of the distance sensor 134. )

-With this embodiment, a plurality of the distance sensors
134 are provided per lane as shown in Fig. 44. This arrangement
can reduce the coverage of each distance sensor 134 so that the
distance sensor 134 can have a high resolution even near the road
surface. Thus, it is possible to separateiy detect vehicles
having a relatively low height such as motorcycles and cars.

The distance sensor 134 may be configured such that the
light emitting e;ement 136 projects light beams straight onto the
road surface and the light receiving element 138 received
reflected light beams (as shown in Fig. 45). Preferably, the
distance sensor 134 is installed with a predetermined angle o of

depression such that the light emitting element 136 projects
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t hrough a correspondi ng i mage nenory/plate detection unit 118, to initiate
phot ography of the license plate by the enforcenent caneras 52. I n order
to’ensure that the license plate of the vehicle 48 is substantially

centered on a photograph, the general control section 72 determ nes which

ent orcgqggtt %@%‘E{sas? grt1yP uprs%%'z? © tfh%héh%h%%kcg%?@l‘}e&%%ﬂ% Gy the

passage position the vehicle to be detec the | oop-type vehicle

det ec- yehi@leSaB!,| @hdS4hen the hiight! ¥Beeiing @1@%@@ 138 Seaidianesl00.
This procedure will be described in detail |ater. An i mage obt ai ned

by t heilphhtopeamsy rief leictiedd therefgon EBgehowmDUyn EFhgt.hd6cor rsep dreck tregr

I mge nenory/ plate detection
arrangement can narrow the dead angle of the sensor 134 along the
advancing direction and therefore improve the resolution of the
distance sensor 134 when compared with the arrangement shown in
Fig. 45. '

The white line 132 in this embodiment differs form the line

64 in the first and third embodiments, i.e. the white line 132 is
painted white, or is made from white tiles or a reflecting plate.
The white line 132 can maintained a high reflectance compared
with other portions of the road surface made from asphalt or
concrete. Thus, the distance measurement can be reliably per-
formed without any adverse influence caused by a wet road surface
or the like. In the first and third embodiments, to reliably |
detect the vehicle it is necessary to illuminate the wet lipe 64
with high-powered light beams from the 1iﬁe scanner 58. However,
no high-péwered light beamslare necessary in this fourth embodi-
ment. Further, the receiving level of the light receiving ele-
ment 138 is reduced by a front or rear glass window of the
vehicles 48. 1In such a case, firstly, it is judged whether the
receiving level is lower than or equal-to the threshold receiving
level being set as the distance can be precisely measured
therefrom. If the receiving level is lower than or equal to the
fhreshold receiving level, it is notified that the distance is
"infinity" as described later. In the case that the height of

the road surface rises due to the snow or the like, the criterion
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unit 118. The inmage menory/ plate detection unit- 118 extracts the inmage of
the license plate of the vehicle 48 fromimges stored in its inmage

menory, and supplies the thus extracted I|icense plate inmage via the inage
interface.section 122 to the corresponding i nage conpression unit 124. The

control ;566 1 5 %&€Pe8°f££8' nt Rgg! MEgEy O §ﬁ§§£&& 6006/ ¢HLRI dhze
the I ?nage) [ He Irmage ne

extraction of cense plate In nory/ plate
det ect i plla syRbhent lBange 204 sﬁf?@é_&eﬁ'éYméﬁ@aéﬁﬁré?ﬂ&%é raggaands to the

specific enforcenent canera 52 until a preferred Ticense plate image is

obt ai ned. Theigege 18NAr¥iowtRaet dShewingnthdi veAi8le position detect-
ing sequence executed by the local controller 66 using the dis-
tance sensors 134. It is assumed here that there are "n" dis-
tance sensors 134. The same sequence 4000-4016 is conducted for
each of the distance sensors 134.

In each distance sensor 134, its light emitting element 136

is turned on (step 4000). The light emitting element 136
projects light beams toward the white line 132, which are
reflected by the white line 132 or an object such as the véhicle
48 travelling on the white line 132, and are received by the
light receiving element 138. When a level of light beams
received by the light receivihg'element 138 is below a
predetermined value (step 4002), it is recognized that light
beamé are reflected from the object which is present outside the
measﬁrement range, as shown by the square in Fig. 42.
Thus, the local controller 66 determines that a distance to the
.reflecting object is "infinity" (step 4004). For example, the
object passing over the white line 132 is reéognized to be the
vehicle 48 having a large height.

When the level of light beams received by the light receiv-
ing element 138 is high enough to consider that they are reflect-
ed from the object within the measurement range, the local con-
troller 66 calculates a distance between the distance sensor 134
and the object on the basis of the triangulation principle (step

4006). The local controller 66 converts the calculated distance
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31 has sufficient capacity to store a plurality of imges produced in
response to a series of shutter commands so as to allowa plurality of
vehicles 48 conming into its visual field (camera capture zone 500) to be
phot ographed. The inmage conpression unit 124 perforns data conpression of

the i Mage S uPBinedyf erElﬁ,hean&Q:;oﬁn?%E’éQd'Ei'%gwii@ﬁgghge@?&!éérﬁbﬁt %h@%e%{yi on

unit 118, and then™ delivers th hus conpressed 1 mage to the genera

con: :g:théeahbﬁ@d A3 nehiseh piy.t w3 seFdehkheageinbesgedistaneet ast bguadst em

o to or larger than the criterion, it is considered that not vehi-
cle is present in the light projecting direction at least at that
time (step 4010). Otherwise, it is considered that a vehicle 48
is present in the light projecting direction (step 4012). The
local controller 66 writes the result obtained in step 4004, 4010
or 4012 in the vehicle informatioh memory of the general control
section 72 (step 4014). The foregoing sequence is repeated fbr
each distance sensor 134 until its light emitting and receiving
element 136 is turned on 32 times so és to scan their coverage in
thg lane crossing direction (step 4016).

" The local control unit 66 combines the information written

in the vehicle information memory in the central.control unit
(step 4018) and pre-processes (step 4020) the information, and
calculated the position of the vehicle 48 in the lane crossing
diréction and a width of thé vehicle 48 (step 4022). In other
words, the position and width of the vehicle 48 can be known on
the basis of the principle shown in Fig. 43.

Since the line 64 comprising white and black patterns is not
necessary in this embodiment, no traffic will be blocked so as to
maintain the line 64. Further, it is possible to prevent
problems that the position of the vehicle in the lane crossing
direction or the width of the vehicle becomes unreliable or
cannot be detected due to rain, snow or dust covering the line
64. Further, this embodiment is free from a problem that the

distance measurement cannot be performed because the vehicle 48
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control |l er 68. The local controller 66 further conprises an antenna
controller (ANTC) 126 for <controlling the transm ssion/ reception

of 'signdls by the debiting confirmation antennas 56. The ANTC 126

comuni cates by radio with the 1U 62 on the vehicle 48 to confirm whet her

or not Séuw{}ss,sgg‘éﬂ L4 eb@f”f@f?%;j;.éfﬁ#gpaffgﬁu{:fdtf el0t suﬂ“fﬁ??ﬂ%seato

the re . hls.con I ra- eneral control section sefds
necess Y dd\{¥ye £ Othe L @1 48nSY SEEALEES 18) §P8! 4PFbAKeABIn tReCABRet he

execution of ebiting has been confirmed, for exanple; the license plate
i mage JudaHIGRf drddeieniRLiEeEné S3gEE BoB2déprésanshes! € Ghe aeRYble
advancing direction, and can detect the vehicle with high
resolution. This embodiment does not require any high-powered
laser beams, and is free from any problem that the level of
reflected light beams is affected by the front or rear'hindow of
the vehicle, or by snow or the like covering the road surface.
(11) Fifth Embodiment 5
Fig. 48 is a perspective view showing an external appearance
of a system according to a fifth embodiment. The upper portion
of the distance sensors 134 are covered_by a_sun/rain screen 144.
The sﬁn/rain screen 144 enables the system to be installed in
~ areas which ﬁay suffer from heavy rain such as squalls, or may be
exposed to the strong sunshine and prevents the rise

intemperature of the distance sensors 134 and the peripheral

thereof.
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déntial photograph of a violation together with predeternined data to the
systemcentral controller 68. The | ocal controller 66 additionally
conprises a lighting control section 128 and an environnent control
section 130. The |Ilighting control section 128 permts the lighting units

54 to hhggt gpchggmﬁﬁr&gce of the road when the illum nance on the
surface 0 tﬁe road goeS down to a predeternined value or below, and turns-

of fthe i ghting units 54 vhen it goes up to the A Y YA
* C L M s o«

1. An automatic debiting system comprising:

a first gantry disposed so as to span a road having a
predetermined number of lanes;

a second gantry disposed so as to span said road and posi-
tioned on a downstream side of said first gantry along a vehicle
advancing direction;

debiting means arranged on said first gantry. for radio
communicating with vehicles traveling said road to impose tolls
thereon;

debiting confirmation means_arranged on said second gantry
for radio communicafing with vehicles fraveling said road to
confirm that tolls have been correctly imposed thereon:;

passage position detection means for detecting passage
positions in the 1lane crossing direction of said vehicles
traveling said road;

photographing point decision means for deciding points to be
photographed in accordance with said passage positions in the
lane crossing direction so as to photograph at least vehicles
from which confirmations have not been obtained that tolls have
been correctly imposed thereon; and

illegal vehicle photographing means for photographing said
points to be photographed which have been determined by said

photographing point decision means.

2. An automatic debiting system according to claim 1, further
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32 predetermined value or over. This will ensure a preferred . photography
of the license plate irrespective of weather or the tlnE“0f~day~e¢-4u4ﬂu___.

The environment control section 130 detects ambient tenpe
huridities, and inparts the results to the general cont_roﬂ Hﬁ@f’i m,"I,m
response to results of detection, the general control

h
cont r ol €° Tﬂﬁi gB APonents of the local controller 66 so that they funct}on

noral |y and PEeRELL Yy SBOHLECLREOR"KI LARNED 8h,EARML! (815 oAtB] S6hd 0 such

a degree tha e conp nts or t0 a degree oW ng

the posg iﬁﬁé ?MeOiahgpéQBgéifuanﬁikQBti‘Bn oh@ﬁuﬂeg%ﬁhlc%@.h@s DI LN 2

reports t act to the systéem
vary in response to the passage of a vehicle through the vicinity
thereof;
said passage position detection means determining said
passage positiohs in the lane crossing direction in accordance

with the positions of said detection elements whose output signal

values have varied.

3. An automatic debiting system according to claim 1, further
comprising:

‘vehicle type identification means for identifying the type
of a vehicle traveling on said road:;

.said passage position detection means determining said
passage positions in the lane crossing direction in gccordance
with <the type of the vehicle idéntified by said vehicle type

identification means.

4. An automatic debiting system according to ciaim 3,
further comprising:

a plﬁrality of detection elements embedded for each lane
along the lane crossing direction and whose output signal values
vary in response to_the passage of a vehicle through the vicinity
thereof, | |

said vehicle type identification means comparing the output

signal values of said detection elements whose output signal

—————
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central controller 68. (3) Summary of Debiting Processing Referring

to Figs. 12 and 13, there are depicted a flow of overall- ﬂmﬂm!m“"ﬂ"

schematitc fl ow of debiting processing, respectively, of t

In this enbodi nent, as .shown in Fig. 12, the system central® cénttol Fer® 68
tol | coIIe art com nd to ach.o

(st el Ee ha i ahafal L a0 e RERLy er%q%ﬁt@ae 3FR%ED 11 ng
8
Phe T odvehioh (Lppants ea%“‘%g’ 7 AR R e R e [ogheas? 1

information,gajd passage position detection means determlning said

| passage positions in the lane crossing direction in accordance

with the type of vehicle identified_ by said vehicle type
identification means and with the positions of the detection

elements whose output signal values have changed.

5. An automatic debitihg system according to claim 4, wherein
said plurality of detection elements are inductors whose
inductances vary in response to the passage of a vehicle through

the yicipity thereof and whose output'signal values vary in
aﬁplitude and phase in responsé to the variation.of the induc-

tance.

6. An automatic debiting system according to claim 5,

said vehicle type identification means including:

means for judging when the output signal values of said
inductors have changed, whether the output signal values after
change are relatively small values or relatively large value,
respectively;

means for estimating, for.an inductor whose output signal
value after change is a relatively small value, that the vehicle
which has passed through the vicinity thereof is a lightweight
vehicle type having a rela?ively'small mass; and

means for estiﬁating, for a inductor of which output signal

va}ue after cﬁange is a relative large value, that the vehicle

//
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the local controllers 66 carry out the debiting processing slrlloozﬁ ~ Each

of the local controllers 66 repeats the debiting processin umu M"u"',um,

receives a toll collection end conmand from the system cen
68 (1004). The debiting processing executed in each of "thé |ocal

33 ConkhakhChasoy @g@%{q%&ﬁ%@y&@& i QY R LA d Ty Mebvhbight

Under contro I ng ant ennas 50
vehicle type having a relatively large mass.

7. An automatic debiting system according to claim 6, wherein

said passage position detection means includes:

means for comparing with a reference distance a distance
between a first inductor through the vicinity of which the vehi-
cle estimated to be the lightweight vehicle type has paésed
and each of the second inductors through the vicinity of which
the vehicle estimated to be the heavyweight vehicle type has
passed, out of the inductors whose output signal values have
changed;

means for assuming, in the presence of at least one second
inductor having said distance smaller fhan said refefence dis-
tance, that the vehicles thch have passed through the vicinity
of the first inductor is identicél to the vehicle which has
passed throﬁgh the vicinity of said at least one second induc-
tors, and also for éstimating the passage position of this vehi-
cle in the lane crossing direction;
and |

means for assuming, in the apsence of the second inductors
having said distance smaller than said reference distance, that

| the vehicle which has passed through the vicinity of the first

inductor is an independent vehicle, and estimating the passage

position of this vehicle in the line crossing direction.

‘8. An automatic debiting system according to claim 7, wherein

————
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issue a call by radio to the vehicle 48 which is just about to pass under
thhe first gantry 44. As long as a normal 1U 62 is nount ealmm“ﬂnﬂmum
48 just about to pass under the first gantry 44, the U6
transm ssion of predeterm ned control information. The céntfolt

information transmtted from.the U 62 includes informati on on, for
exanpl e, theSgjFePaEspge Pesatipa defectiRer megns Hﬂﬁéﬂg?shunber and an

the cont ol CBE¥E: ofPEROHLN: h:?te%nts}‘ép%gff'o%s SPexpvirmRinge SRNHERSE 4 052 by
e Bt B B8 B SRRl 520 i
' timings at which variations have appeared in the output signal
values of'a plurality of inductors through the vicinity of which
the same vehicle has been estimated to have passed, out of the
plurality of inductors whose output signal values have changed;
and
means for estimating that said passage position in the lane
crossing direction of said vehicle which has passed through the

vicinity of said plurality of inductors lies on an inflection

point of said curve.

9; An automatic debiting system according to claim 8, wherein
said passage positioh detection means includes:

.means'for determining alternative approximation points the
number of deficient approximation points and in accordance with
the timing where variation has appeared in the output signal

'values of said second inductors, the first inductor and said
second inductor of inductors whose output signal values have
changed having a disfance smaller than the reference distance and

whose numbers are both deficient for the curve approximation.

10. An automatic debiting system according to claim 8, wherein
said curve is a quadric curve.

ll1. An automatic debiting system according to claim 6, wherein

————— _
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the information to the general control section 72. The general control
section 72 determines the sumof the toll to be collected ”ﬂ“ﬂﬁ”ﬂ’ﬂ”ﬂm"m’
informatfon on the type of the vehicle out of the control

received fromthe U 62. Wiile specifying the U 62 to be received "n

accordance Vddia thisd L8 hdd LRLAP Be HeL S MM affci@aéde | U 62 out of
the received control infor- nmation, the general control section 72

transnits thfdniFaictestimdtiraes wﬂasééyﬁe s Ot ford So 51 devéhiough ihe
debiting antennas 50. At that tinme, the general control section 72 may

sear ch the Janal drarsirag |disteatfidn) dnaadottarsce aeltls otkle oposheionr &nd)
and a black list (a list of habitual debiting violators, etc.) in
timing of variations of output signal values of a plurality of
second inductors in close proximity to each other, said wvehicle
which has passed through the vicinity of said plurality of second
inductors, out of inductors whose output signal values have

changed, being estimated to be a heavyweight wvehicle type.

12. An automatic debiting system according to claim 6, wherein

said passage position detection means includes:

means for detecting an initial transitional fime during
which the output signal value changes from a relatively small
value into a relatively large value, and an intermediate transi-
tional time during which the output signal value changes fromlthe
relatively small value back into the relatively large value for
an inductor whose output signal value first changes into the
relatively small value, then changes into the relatively large
value and then changes again into the relatively large value;

means for comparing said initial transitional time with
said intermediate transitional time;

means for estimating that a plurality of periods
positioned before and after said interniediate transitional time
and whose output signal values have a relatively large value
represent a common vehicle in the case of a shorter intermediate
transitional time compared with the initial transitional time:

and

e e
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accordance with the identification code appropriate to thé JU 62

| ¥ke. The 1U 62 records the sumof the toll to be col- |eéc \m“H “ “H“ﬂm \“‘ .
code 82 -and it is then transmtted through

34 the debiting antennas 50 (for instance, the sum nay be deduc%ed fron1an

| abl | he d h b
SYZ‘LeZ‘S. o bienes or T EstariRg! O chak oo BLpRRITRy. | B ClasEtbds 1y
processing, gy heaebg%ml % tft Qes.L&aeiktepﬁaakstghférgﬁga%'i%né% naghes
nica

the co I'Sh Zones 5
and whose output signal values have a relatively large value

répresent different vehicles in the case of a longer interme-

diate transitional time compared with the initial transitional

time.

13. An automatic debiting system according to claim 1, wherein
said passage position detection means includes:

light and shade pattern photographing meéns for photograph-
ing a light and shade pattern formed on the road; and

passage detection means for detecting the passage of a
vehicie over the light and shade pattern in accordance with the
disturbance of the 1light and shade pattern in the image

photographed by the light and shade pattern photographing means.

14. An automatic debiting system accdrding to claim 13,
wherein

"said light and shade pattern photographing means are ar-
ranged at positions allowing the photographing of the vicinity of

the boundaries of the lanes.

15. An automatic debiting system according to claim 1, further
comprising:

passage speed detection means for detecting speeds of vehi-
cles which have paséed under said first gantry; and

pﬁotogfaphing timing regulation means for regulating the

. 93 .
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debi ting confirmation antennas 56. Subsequent |y “the | ocal controller
66 detects the vehicle 48 by using the | oop coils 60 o[u"mu l" uujuﬂm"[
58 (1008, 1010), and then produces a static imge of t
restrictively, a portion nDunted mnth t he rear | i cense plate) ‘of "tht *
vehi cl é% éﬁ qﬁ qh n- G h being
nmeans hé%a g Af% gﬁ%&iﬁt 5§§% y eﬁ%ﬂoye al t hough
t he COQBSé&tHQQeBEiEQﬁ tmo mnll ensur e |nproved reliability in the vehicle
detection. As an alternative to these neans, use nmay be nade of, for
exanpl e, detectors utilizing the principle of triangul ation.

16. An automatic debiting system according to claim 1, further

comprising:

a vehicle specification means for correlating the results of
communication between said debiting means and the vehicles with

said vehicle photographed by said illegal vehicle photographing

means.

17. An automatic debiting system according to claim 1, wherein
a plurality of lanes are provided under said first and

second gantries.

18. An automatic debiting system according to claim 1, wherein
said predetermined number of lanes are arranged under said
first and second gantries so that said vehicles are capable of

free lane traveling.

19. An automatic 'debiting system according to claim 1,
wherein
said illegal vehicle photographing means photographs license

plates.

20. An, automatic debiting system according to claim 1, wherein
the passage position detection means comprises a light emitting

device for emitting a light onto the road, a light receiving

94 [ —
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USing the debiting confirmation antennas 56 nounted on the antr

48, the local controller 66 conmunicates with the |U 62 !ﬁﬂﬂﬂﬂﬁmgﬂm "f
48- More specifically, the local controller 66 requir

send information for the confirmation of debiting, whereupon if nor mal

(e U BRvigh 3ORLBehBan B R bt Ao SO HeRRE. e Bl 1 1
ANt ennagy 36, 4O IR Bhot 9BhEOL: SEEINATal ZokkABETHS % 1l dule iy

debi ting een no execu Wtht ta-

i Cemed?bi‘&& laHBgSl‘s&O]E@): EQuEE‘.ﬁgSéﬁ%‘%%ﬁé“b.‘fmthec‘i&bh%' 'a%r dA%crete

Conver se In the case where the makes no
points of time.

21. A method.of debiting comprising the steps of:

executing radio communication for imposing tolls on a
vehicle between a first gantry disposed s6 as to span a road
having a predeterﬁined number of lanes and the vehicle
traveling on the road;

executing radio communication for confirming that tolls are
hormally imposed on the vehicle between a second gantry disposed
so as to span said road and arranged 6n a downstream side of said
first gantry in a vehicle advancing direction and the vehicle
traveling on said road:;

detecting a passage position in the lane crossing
direction of the wvehicle traveling on the road;

determining the points to be photographed in accordance
with the passage position in the lane crossing direction so as
to photograph at least the vehicle from which confirmation has
not been obtained that the toll has been normally imposed
thereon; and

photographing the points to be photographed determined by

said photographing point determination means.

s il




-35 response or where, regardless of a response fromthe U 62, the

contents of the response indicate inconpletion of the debiting (e.g., when
exceeding the available limt set on the master card 82), the general
control section 72 regards the vehicle 48 nmount- ed with this U 62 as an
illegal vehicle, and transmits the data- conpressed |icense plate inmage as
the image of the illegal vehi- <cle together with the data indicating that

t he debiting has
ABSTRACT OF THE DISCLOSURE

AUTOMATIC DEBITING SYSTEM SUITABLE FOR FREE LANE TRAVELING

An automatic debiting system and method suitable for free
lane traveling. Debiting antennas disposed on a first gantry are
used to communicéte with an in-vehicle unit (IU) mounted on the
vehicle for debiting. The passages of the vehicles are detected
by the loop coils or line scanners, and the license plates, etc.,
of the vehicles are photographed by the enforcement cameras.
Debiting confirmation antennas on . second gantry are used to
communicate with the IU for the confirmation of debiting. When
the normal debiting is confirmed, a local controller informs a
system Central controller of the fact, whereas when abnormal
debiting is confirmed, images of the license plafe, etc., of the
'illegal vehicle are transmitted to the sysfem central controller
as illegal vehicle images. The debiting is thus possible at the

time of free lane traveling.

———————
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resulted in an abnormal term nation (1018). (4) Principle of Vehicle
Detection with Loop Coils As descri be above, this enbodi nent incl udes
t He l oop*coils 60 and the line scanners 58 as neans of vehicle detection.
Description will now be given of a principle of the vehicle detection by
means of the |oop coils 60. Wien a vehicle 48 travels along the road,
the front of the vehicle 48 (nore concretely, a portion of the front wheel
axl e occupying a relatively large part of the magnetic mass of the vehicle
48) approaches the |loop coils 60 at a certain point in time (1008) as
indicated by a solid line in Fig. 14(a). In

NS
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response to this, the inductance of the |loop coil 60 varies with the
result that an output waveform of the DETC 94 rises (timng tOof Fig. 14
(b)*to (d)). It is to be noted that for sinplici- ty of description,
dissimlar to Fig. 10, a single conparators is assunedly provided herein
to identify the output waveformof the DETC 94 with an out put waveform of
t he conparator. When the vehicle 48 advances to bring its U 62 into
the debiting confirmation antenna comruni cati on zones 502 as indicat- ed
by ellipses in Fig. 14(a), conmunication with the U 62 can

Q
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36 be established by way of the debiting confirmation antennas 56. The

| ocal controller 66 issues a call for debiting confirmation to the IU 62.
In.srespense to the call issued through the debit- ing confirmation
antennas fromthe local controller 66, the U 62 reads the debiting

I nformation stored in the smart card 82 by neans of the reader/witer 78
and sends it through the radio section 76 to the |local controller 66. The
debiting information is received by the local controller 66 through the
debiting confirmation antennas 56. Wth further advancenent of the
vehicle 48, the rear of the

LC//ZC(/ZQCZVVOC/Zf'//VOCZJ%SSSVQCK/V?Q(/}QCK/VOC/ZQQJ

)
62 60 62

. Fig. 3
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vehicle 48 (nore concretely, a portion of the rear wheel axle occupying a
relatively large part of the magnetic nmass of the vehicle 48) |eaves the

| oop coils 60 as indicated by a dotted line in Fig. 14(a). In response to
this, the output of the DETC 94 falls (1010). In Fig. 14 (b) to (d), the
fall timng is designated by t1l, t12, and t13 for bus/ |arge-sized truck,
aut onobil e/ small-sized truck, and notorcycle, respectively. In
synchronismwith this fall timng, the general control section 72 inparts
shutter commands to the enforcenment caneras 52 (1012). The imge nenory/
pl ate detection unit 118 extracts license plate inmages fromthe inmages
phot ogr aphed by the correspondi ng .

i i 60
! | )
| |
i i
] i

Fig. 4
§ i o
i |
| :
: :
: :
| |
: :

Fig. 5
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When the vehicle 48 cones into the canera capture

enf orcenent canera 52.

in

extraction
118 i s conpl et ed,

the license plate inage

I ndi cated by a rectangle in Fig. 14(a) and brings the |icense

plate into a preferred position,

zone 500

by use of the enforcenent canera 52 comes to an

processing by the i mage nmenory/ plate detection unit

response to which the photography of the

37 |license nunber

Wi
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end. | In the case of detecting the vehicle 48 with the loop coils 60,

the types of vehicle can be identified by the execution of two kinds of
conpari son as shown in Fig. 10. When the vehicle 48 approaches the | oop
coil 60 as indicated by a solid line in Fig. 15(a), an output waveform of

the DETC 94 gradually rises as shown in Fig. 15(b). Providing that a
threshol d associated with the conparator 96 (high sensitivity threshol d)
is set to be snmaller than a threshold associated with the,conparator 98

(low sensitivity threshold), an output waveform (high itivity output
waveform of the conparator 96 shown in Fig. 15(c j

504
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rise earlier than an output waveform (low sensitivity output

the conparator 98 shown in Fig. 15(d).
of the vehicle 48 into a position
t he out put wavef or m of
process,

15(a),
Fig. 15(b).
fall earlier

In

this

t he use of t wo klnds of (g T Ty

the | ow sensitivity output

In the

than the high senS|t|V|ty out put wavef orm
.Qr; manner Wi ll bring into existence
n+08 ng during the t

wavef orm of

process of the advancenent

i ndicated by a broken line in Fig.

the DETC 94 gradual ly
the |l ow sensitivity output waveformw ||

falls as shown in

Accordi ngly,

ime tH and

For the vehicle
66
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having a snmal |l er magnetic mass such as a notorcycle, due to snaller
variation in the inductance of the |oop coil 60, the peak of the output
wave of the DETC 94 is reduced, resulting in tL=0. In other words, no | ow
sensitivity output maveforn1appears It

38 is thus possible to identify the types of vehlcle by collectively
judging the high sensitivity and | ow sensitivity output waveforns in the
general control section 72. The results of identification of the types of
vehicle are used for the confirmation of debit-

74
) &
RADIO
SECTION [~7©
80 78
. ;
CONTROL READER/ |__
SECTION WRITER

82

Fig. 9
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ing or the specification of illegal vehicles. It is to be appre- ciated
that the present invention.is not limted to the two kinds of threshol d.
As *depi¢cted in Figs. 4 and 5, a plurality of (e.g., three or four) |oop
coils 60 are provided for each of the |anes. It is thus possible to
recogni ze the position and | ane on which the vehicle 48 travels by
judging, in the general control section 72 the |oop coil 60 over which the
vehicl e 48 has passed. Gven that the traveling vehicle 48 is a

mot orcycl e, an out put waveform show ng the presence of the vehicle 48
appears in only one of, e.g., three loop coils placed for each | ane.
Therefore, if one ’
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of the loop coils 60 is exclusively subjected to the variation in output,
it is detected that the notorcycle has passed over this |oop coil 60,
eriabl i mag not only the position of passage but also the type of vehicle to
be recogni zed. Also, in the case of plurality of vehicles 48
traveling side by side, no variations in outputs will appear in the | oop
coils disposed between the plurality of vehicles as long as there is sone
degree of spacing between the vehicles, whereby these vehi- cles can be

di stingui shed from one anot her. Provided that a pluralit
three) notorcycles are traveling on the sane |ane, an outfpul
representing the

LOOP COl

~112;

100

ON/OFF
SIGNAL

LOOP COIL

110

VEHICLE
DETECTION

GENERAL
CONTROL SECTION[ o

INTERFACE

LINE SCANNER
DATA READ -

CALIBRATION

IRIS CONTROL

LINE SCANNER

104
!

Fig. 11

58/@— - _@

LINE SCANNER
CONTROLLER
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I
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presence of a vehicle may possibly appear in all of a plurality

39 of (e.g., three) loop coils 60. However, since the use of two kinds of
t hreshold enabl es the types of vehicle to be identified, the traveling of
the plurality of notorcycles on the same | ane can be distinguished from
the traveling of, e.g., a single autonobile which may cause an out put
wavef ormrepresenting the presence of a vehicle in the three loop coils

60.

((START )

TOLL COLLECTION START COMMAND [~1000

DEBITING PROCESSING  |[~1002

(THIS PROCESSING REPEATED)

|
TOLL COLLECTION END COMMAND |~1004

oD

Fig. 12
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In addition, the timng at which to cease phot ographing by the enforcenent
canera 52 is given by the conpletion of extrac- tion of the |icense plate
i meges by the image nenory/ plate detection unit 118, whereupon it is
influenced to a | esser degree by off tine delay indicated as t in Fig.
14(b) to (d). For -conpari son, the photographing of the license plate
takes place once or a predeterm ned nunber of tinmes in response to the
fall in the output of the loop coil 60. In such a configura- tion, with
an assunption of speed of the vehicle 48 at a certain speed, setting nust
be made for both the positi-ons of the loop coils 60 and the angl es of
depression of the enforcenent caneras ’

EBITING PROCES-
G START

FIRST GANTRY DEBITING PROCESSING -
(DEBITING PROCESSING FOR IUSIDE  |~1006
SMART CARD) |

VEHICLE CAPTUREON  ~1008
1
VEHICLE CAPTURE OFF |~1010

STATIC IMAGE PHOTOGRAPHY OF | _1012
VEHICLE REAR PART

1014

SECOND™
GANTRY CONFIRMATION ABNORMAL
PROCESSING
NORMAL 1016 1018
DEBITING NORMAL ABNORNAL VERICLE-
PROCESSING (DEBITING CONFIRMATION PROCES-
DATA TRANSMISSION) SING (DEBITING ABNORMAL
DATA + IMAGE DATA
PROCESSING)

( o )

Fig. 13
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52 so as to ensure preferred photographing of the license plate of the
vehicle 48 traveling at the assuned speed. A speed of the vehicle 48
renmar kably hi gher than the assuned speed would result in mssing of
preferred photographing timng due to the traveling of the vehicle 48
during the delay tinme At. Values of the delay tine delta At depend on the

types of vehicle. Such inconveni ence will disappear by virtue of this
enbodi - nment in which the commencenent of photographing is given by the
fall in the output of the loop coil 60 and the conclusion thereof is given
by the conpletion of the extraction of the
48 60 48
_ 1 S e 2
BUS/LARGE TRUCK '
VEHICLE
(a) ADVANCING — [0,
DIRECTION
62
ook =
I
. Aty
DETC OUTPUT —
) LARGE 'Y READ RANGE | |
TRUCK  CAMERA PHOTOGRAPHY \
LICENSE PLATE DETECTION }
At
DETC OUTPUT p
AUTO- 4 -
(C) MOBILE/ IU READ RANGE | | K ]
SMALL  CAMERA PHOTOGRAPHY
TRUCK  ||CENSE PLATE DETECTION :S)
At
DETC OUTPUT g
(d) MOTOR- [U READ RANGE IK\ 1
CYCLE  CAMERA PHOTOGRAPHY |
LICENSE PLATE DETECTION r‘sl
th ts t ti
. _. TIME t
Fig. 14 -
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40 license plate images. More specifically, the capture zones 500 of the
enforcenent caneras 52 are separated fromthe positions of the |oop coils
60 so as' to allow for the maxi nrum of the delay time [err]t, thereby
ensuring accurate photographing of the license plates irrespective of the
speeds of the vehicles 48 ranging from O to 120 km hour and.irrespective
of the capture zones 500 of the enforcenent caneras 52 extending four
meters in the direction of |ength of the road. Further, this

enbodi nent nmakes use of the results of detec-

VEHICLE
ADVANCING DIRECTION

@) : 48 o --------

-------------

////f%/////

= LOW SENSITIVITY
' THRESHOLD
(b) LOOP COIL —4\i_ HIGH SENSITIVITY
OUTPUT WAVEFORM __,/' i IKL_ THRESHOLD
(c) HIGH SENSITIVITY
OUTPUT WAVEFORM
(d) LOW SENSITIVITY i :
OUTPUT WAVEFORM | L
oty

Fig. 15
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tion by the loop coils 60, which will be described hereinafter, to
regulate the timng at which to comence phot ographi ng by the enforcenent
carreras “52. Thus, regardless of the speeds of the vehicles the |Iicense

pl ates can be photographed at appropriate timng. (5) Principle of
Vehicle Detection with Line Scanners Description will be given of a
principle of vehicle detec- tion using the line scanners 58. Referring to
Fig. 16, there are depicted variations in the output of the |ine scanner
58 caused by the passage of the vehicle 48 over the |line 64. As
heretofore explained, the line 64 is photographed by

:
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the line scanners 58, and the resultant inage signals are read, through

conversion into digital data, into the inmage nenories of the |ine scanner
dat’a read sections 104. In accordance with the data, the calibration
section 108 controls the line scanner iris control section 110 to attain
the data correspondent with the black-and-white pattern constituting the
line 64. In the ab- sence of any vehicles over the line 64, such a
calibration wll 41
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result in the data as depicted in Fig. 16 (b). I'n the presence of
vehicles 48 on top of the line 64 as shown in Fig. 16 (a), data are
obt ai ned correspondent with colors of the vehicles 48. Assune first that
the colors of the vehi- <cles 48 crossing the line 64 are white or other
colors presenting reflection analogous to white. If the colors of the
vehicle 48 have high reflectivities in this manner, then the |ine scanners
58 will detect data of these vehicles 48 as the sane data as the white
pattern. In other morgi fromthe areas corresponding to the vehicles 48,
the |line scanners 58 Fp ' oximate to the

| evel of white. i
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On the contrary, assune that the colors of the vehicles 48 crossing the
line 64 are black or other colors presenting the reflection analogous to
bl ack. tf the colors of the vehicles 48 have low reflectivities in this
manner, the line scanners 58 w |l detect data of these vehicles 48 as the
sane data as the black pattern. In other words the |line scanners 58 wl|
receive |um nance |levels approximate to the |level of black fromthe areas
corresponding-to the vehicles 48 Thus, the vehicles 48 in white or

ot her colors analogous thereto would result in data as shown in Fig. 16(c)
diagramis wong, whereas the vel 4 Sl ot her colors

anal ogous ' Li-1 LR ;
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thereto would result in data as shown in Fig. 16(d). Mre spe-
vehi cl es involve a distur-
portions that are originally black in the absence

result in white, whereas the data for the

the data for the "white"

- di sturbance such that portions that

The

"bl ack" vehicles involve a

cifically,
bance such that
of the vehicles 48

42 are originally white in the absence of the vehicles 48 result in black.
vehi cl e detection section 106 detects disturbances
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- the occurrence of disturbance

involved in the data obtai ned, and on the basis of the results
ons thereof,

detection of vehicles 48, detection of positi

and j udgnent.

the types- of the vehicle. Firstly, the detection of the presence of
di sturbances in the data will enable the passage of the vehicles 48 to be
recogni zed. Secondly, the positions on the data where di sturbances have
occurred will enabl e passage positions of the vehicles 48 to be
recogni zed. Thirdly, the widths of disturbances will allow the
identification of the types of vehicles. Fourthly,
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for each of the vehicles. Fifthly, a plurality of vehicles 48 traveling
side by side can be separately detected. The enforce- nent cameras may
recefve shutter commands in response to the detection of passage of the

vehicles 48 by the vehicle detection section 106. Accordingly, this
enbodi nent will ensure accurate detection of vehicles 48 by neans of the
| ine scanners 58. In addition, iris control (calibration) by the feedback

of data along with the wuse of the black and white pattern as the line 64
will contribute to preferred detection of the vehicles 48 of internediate
color, and to resistance to variations in environnent such as sunshine.
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Put nore clearly, suppose a single white line in place of line 64 for the
sake of conparison. In such a configuration, the

43 passage of the vehicles 48 over the white line will be detected by
partial depressions in |lum nance of the signals obtained by the |line
scanners 58. The depressions in |um nance are however caused by not only
t he bodi es of the vehicles 48 but al so shades thereof. Mor eover, the

manner in which the shades appear vary
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depending on the position of the sun, the latitude, the .season, etc. The
degree of the depression in |um nance al so depends on the color of the
vehicle 48. It is therefore difficult to ensure accurate detection of the
passage of the vehicle irrespective of the execution of calibration. It is
also difficult to set a th- reshald g se in making inmage signals into
bi nary signals. The sane apptT esLOW SEN-comN guration of a single black
l'i ne. For further conpSITIVITY, RISERROEES-)yonfi guration having no

line. In such configuration,\g eSlNGusT(ﬁm efl ectivity of the surface of
t he road, accurate detection of T mssage of the vehicle 48 is difficult
to performirrespective of the exec ton 2050 - |
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of calibration. Thi s enbodi ment elimnates the above inconveni ences
by the provision of a pattern of alternate "white" having a high
reflrectivity and "black” having a low reflectivity. For in- stance, the
reflectivity of the "black"” paint is in the order of 10-[err] that of the
"white" paint, and this relationship is not influenced by the |evel of
sunshi ne or other environnental fac- tors. Accordingly, the appropriate
execution of the calibration wll ensure accurate detection of the vehicle
48 i ndependent of wvariations in environnmental conditions. Thus,

i rrespective of outdoor use of this enbodi nrent system which may be
subjected to
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44 severe environnental conditions, accurate detection of the pas- sage of
the vehicle 48 is constantly ensured. Even though the color of the
vehircle 48 is an internedi ate one, the presence of the vehicle can be
detected as the disturbance of either white or bl ack. As depicted in
Figs. 6 and 7, the nunber of line scanners 58 to be provided in this
enbodinent is n + 1 for n lanes. The |line scanners 58 are each fitted
with an w de-angle | ens, and
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EXAMINATIO
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visual fields of the adjoining |ine scanners 58 overlap each
even in the case of a vehicle (e.g.,

Accordingly,
smal I¥ hei ght traveling between vehicles
| arge heights, it is possible to
Nanely, no dead spots ap-
lens will mnimze

pears.

coils 60, in particular, of
the road crossing
CURDRIC CURVE
PPROXIMATION STAR

COIL

I n addition,
t he nunber of the line scanners 58 to be used.
Details of Vehicle Detection with Loop Coils
illustrate procedures of vehicle detection

ot her.
a notorcycle) having a

(e.g. doubl e-decker buses) of
distinctly identify these vehicles.

t he use of the w de-angle

: (6)
Figs. 17 to 29
processi ng by use of the |oop

vehi cl e center position judgnent processing in
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direction,

and Fi gs.
| npl enent ed by the processing shown in these
properly separate a plurality of
properly separate the
narrow distances therebetmeen

30 t07'37 depict the flows of these

pr
diagranms is a

ocedur es.
function to

vehicles 48 traveling side by side or to

plurality of vehicles 48 traveling in tandemwth
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45 since depending on the speeds of the vehicles 48, the vehicle
phot ogc aphy. section 114 is capable of controlling the tinme re- quired up
to the commencenent of photographing by the enforcenment caneras 52 from
the point of tine of vehicle passage detected by the |oop coils 60.
Furthernore, the utilization of low sensitivity and high sensitivity
outputs of the loop coils 60, as well as the approximation to a quadric
curve, ensures accurate execution of judgnment of vehicle types and

j udgment of vehicle center positions. The vehicle center position
j udgment processing in this :

g- 39
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enbodi ment conprises procedures for judging, upon the entry of a vehicle
48 into the zone of the loop coils 60, what type the vehicle 48 is and
where“t he “vehicle center position is (in the direction crossing the road),
t he processing being generally. inplenented by follow ng three procedures.
In the followng description, an i-th loop coil 60 is designated by Li,
and singly hatched in the diagrans is a period of tinme during which only
the high sensitivity output of the loop coil is on, while doubly hatched
" is a period of time during which both the high sensitivi- ty and | ow
sensitivity outputs thereof are on. . First Procedure

50

44
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A first procedure includes a step of tenporarily regarding the vehicle 48
whi ch has entered the zone of a loop coil 60 as a notorcycle, and
estimatingthat its vehicle center position lies on thirs |oop coil 60.
Entrance of the vehicle 48 into the zone - of the loop coil 60 can be
recogni zed by the fact that the high sensitivity output of each |oop coi
60 has turned on. That o ' 46 is, in
the first procedure, the general control section 72 of the |ocal
controller 66 when the high sensitivity output has turned

50
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on tenporarily estimtes that a notorcycle has entered the zone of the

| oop coil 60 without considering whether the vehicle which has entered the
| oop toil zone is actually the notorcycle or an autonobile. 1n the
foll owi ng description, the term"notorcycle"” refers to a vehicle having a
narrow wi dth not allow ng outputs of a plurality of loop coils 60 to
si mul t aneously occur, for exam ple, a two-wheeled vehicle. Also, the term
"autonobile" refers to a vehicle having a wide width allow ng outputs of a
plurality of loop coils 60 to simultaneously occur, for exanple, a four-
wheel ed vehicl e. For exanple, as showma':n Fig. 17, assunﬁmhat at
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tially the same time or in rapid sequence the (i-I)th loop coil L[err]

I-th loop coil L[err], and (i+l)th loop coil L[err] have turned on. In
this ease,*it is inpossible to identify fromonly the information shown,
whet her a single autonobile spanning the loop coils L[err], L[err] and
L[err] has entered the |oop coil zones or three notorcycles have :
separately enter the zones of the loop coils L[err] , L[err], and L[err].
Thus, the general control section 72 tenporari- |y assumes that three

not orcycl es have individually entered the zones of the loop coils L[err],
L[err], and L[err] (first procedure). . At the sane tinme, the genera
control section 72 estimates that vehicle center positions of these

i magi nary notorcycles lie
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on positions where the loop coils L[err], L[err], “and L[err] are enbed-
ded. In other words, the general control sectioh:72estinates t hat the
vehi cte center positions of the vehicles 48 which have

47 caused the high sensitivity outputs of the loop coils L[err], L[err],
and L[err], to turn on will be coincident with positions Cferr] , Cferr],
and CJerr] indicated respectively by a white C|gglelua white dia- nond and

a bl ack dianond in the diagram :;::(9
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Ii. Second Procedure A second procedure includes steps of confirm ng
whet her or not it was correct that the vehicle was tenporarily estimted
to be a fotorcycle in the first procedure and judging the first
estimation is judged to have been incorrect, that the vehicle is an

aut onobile. Mre specifically, in the case for exanpl e, where detection
data as shown in Fig. 17 are obtained fromeach |oop coil, then the
general control section 72 perfornms judgnent processing for identifying
whet her a single autonobile spanning the loop coils L[err], L[err], and
L[err] has entered the |oop coil zones or three notorcycles have
I ndividually entered the anga of the
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| oop coils L[err], L[err], and L[err]. For this judgnent, use is nade of

t he Iom/sen5|t|V|ty out put of each | oop coil 60. The | ow sensitivity
out put of *the loop coil 60 is permtted to turn on only when the magnetic
mass of the vehicle passing over the loop coil 60 is sufficiently |arge,
but remains off when it is small. Accordlngly, in general, if the vehicle
passi ng over the loop coil 60 is an autonok the | ow sensitivity output
of the loop coil 60 turns on, but remaing it is a nmotorcycle. Thus,
if the low sensitivity output of the | ogp JlLl[err] has turned on as
shown in Fig. 18, thga..the general ion 72 judges that an_

aut onobi | e has
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passed over the loop coil Li. On the contrary, providing that
48 the high sensitivity output has turned off with the loop coil L[err]
reffai ni‘hg off as shown in Fig. 19, the general control section 72 judges

t hat the autonobile has passed over the loop coil L[err]. iii. Third
Procedure - Through the execution of the first and second procedures,
50
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- (1) the positions of the loop coils 60 whose hi gh sensitivity outputs have

turned on are estimated to coincide with the vehicle center positions of

t he Veh™él es 48 which have entered the zone of the | oop coil 60, (2) a
judgment is made that an autonobile has entered zones of the |oop coils 60
whose high sensitivity and | ow sensitivity outputs have both turned on,
and (3) a judgnent is nade that notorcycles have entered the zones of the
- loop coils 60 of which high sensitivity outputs have turned on with the

|l ow sensitivity outputs remaining off. However, these are insuffi- cient
for the judgment of the types of vehicle and vehicle center positions.

581 ' 582
/ y /583
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First,
prioxi m

upon estimation that two |oop coils 60 adjacent or in close
ty to each other both have their high sensitivity outputs are both

on, suppose that the low sensitivity output of -a first loop coil 60

t her edf -remains of f but the Iom1sen3|t|¥|ty out put of a second | oop coi
60 is an. Ihe first loop .coil 60 nmay have caught the entrance that the
sane ai POMARSCEDEBIEUNG! BYSTENE SULTABEES FORNREEOLANE TRAVELING

ot heri

se- |t may have caught the entrance of quite a different vehicle 48

fromthat. -autonobile. Therefore, for the first loop coil 60, inaccuracy
will remain as long as the estimated result in the first proce-

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an automatic debiting
system for eutometically debiting (including prepayment by
prepaid cards and settlement by IC cards or credit cards) tolls
against vehicles traveliné a toll road, etc., or vehicles
passing through a tollgate.
2. Description of the Related Arts

A variety of systems have hitherto been proposed in order to

debit tolls against vehicles traveling a toll road. Fig. 2

illustrates an external appearance of such a system disclosed in
Japanese Patent Laid-open Pub. No. Hei 4-34684.

A vehicle 10 is shown just about to enter a tollgate. Entry
of the vehicle 10 into the tollgate is optically detected by ‘
vehicle separators 12 and 14 provided at the entrance of the
tollgate, - and an automatic toll collector 30 is informed of the
detection. To also optically detect the entry of the vehicle 10,
vehicle separators 16 and 18 are disposed on a downstream side of
the vehicle separators 12 and 14. These two pairs of vehicle
separators 12, 14 and 16, 18 cooperate with eacﬁ other so that
when a plurality of vehicles 10 enter the tollgate in tandem,
individual vehicles can be separated and that the direction of
entry of the entered vehicles can be pfoperly recognized.

On the downstream side of the vehicLe separators 16 and 18

overhang detectors 20 and 21 are furthér disposed as well as vehi-
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49 dure is maintained, namely, the estimation result that notorcycle has
entered the zone of this [ oop coil 60. . Second, upon the estimation
that three loop coils 60 adja- cent or in close proxinmty to each other
al I. have their high sensitivity outputs on, suppose that the | ow
sensitivity output of at least a first 4 oop coil 60 is on. The vehicle 48
caught=pglet henfiths delteakorsi 246@nds 26 ,aenchpiselryihgr tkas opitilc@ddy a hi gh
‘probabi ity of being an autonobile) as has been judged by the
. detect the entry of the vehicle 10. In accordance with the
output of the overhang detectors 20 and 22, fhe automatic toll
collector 30 detects the presence or absence of the front over-
‘hang of the vehicle 10 to identify the types of vehicles (identi-
fication of whether the vehicle lo_is, for example, a bus or
car). The automatic toll collector 30 also detects the length
’ of the vehicle 10 (vehicle length) on the basis of the output of
the vehicle length detectors 24 and 26. A camera 28 is located
¢ on a downstream side of the vehicle length detectors 24 and 26,
and photographs a front number plate or license plate of the
vehicle which is entering the tollgate.

In the case of this system, the vehicle driver pays the toll
in cash to the automatic toll collector 30 ﬁhen the vehicle 10
reaches the collector 30. The instant the toll is collected,
downstream toll bars 32 and 34 are obened. On the downstream
side of the toll bars 32 and 34 two pairs of vehicle separators
36, 38 and 40, 42 are situated, serving to prevent following
vehicles from passing through the toll bars 32 and 34 without
paying tolls while the bars 32 and 34 are open.

For the execution of such system, however, a tollgate must
be provided for permitting incoming vehicles to pass through one
by one. To provide such a tollgate, the toll road needs to be of
the interchange type, not a main road type. This will limit the
place where this system can be executed to.a place allowing

provision of the interchange. Also, provision of the tollgate

will necessitate additional costs for installation, maintenance,
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second procedure. Accordingly, the fact the high sensitivity outputs (as
well as the |ow sensitivity outputs, as the case may be) of the second and
third loop coils adjacent or in close proximty to the first loop coil are
botth on may largely arise fromthe vehicle 48 caught by the first coil 60.
Thus, decision should be made of the véhicle center position caught by the
first &1 nepagement), dtc.yi ew fiir reatamplle, tirelpeHing Gacildry idendtmettidmop
coil 60 is enbedded but also the positions where the second and third | oop
coi | s 60castseapdddedon cagts)y. wolbpendsing yon ddfe renvg ronmepdsi tihen
estimated by the first procedure as the vehicle centerfposition of the
vehi cl e pgovégdgm ofy the tqllgate may give rise to traffic jams, since

the tollgate blocks high-speed passage therethrough. Particular
attention must be paid to application of the above-described toll
debiting system to superhighways so that the introduction of the
toll debiting system does not bar high-speed traffic which is an
original object of providing the superhighways. However, a toll-
gate is.indispensable to the above debiting system. If the

ijﬂ provision of the tollgate inevitably results in the occurrence of
traffic jams, it would be difficult to apply the above debiting
system to superhighways.

One of the major objects when providing the tollgate lies in
secure debiting against each vehicle and in detection of vehi-
cles paying no tolls. In the above-described prior art example,
the entry of a vehicle, the direction thereof, the type of the
vehicle, the vehicle length, etc., are detected and identified
by the optical means arranged on each tollgate. The detection
and identification by use of such means owe fo the fact that each
lane is provided with one tollgate. With similar optical de-
tecting means (e.g., photoelectric switches) were arranged across
a plurality of lanes, it would be impossible to distinguish and
separate a plurality of wvehicles moving side by side. For this

reason, it hitherto been impossible to do away with the tollgate.

SUMMARY OF THE INVENTION

A first objecf of the present invention is to enable a




| oop coil 60 wll still allowinaccuraey. In addition, allowance nust be
made for a possibility that the vehicle which has caused the high
sensitivity and | ow sensitivity outputs of the second and third loop coils
60 .to turn on may not coincide with the vehicle 48 caught by the first

| oop coil 60. "Thus, in order to fitd a true vehicle center position,
genelalraddidy OloSemshixled? B dselt @spardtely qetmeted o forc| uskanpléhe
foll owi ng contents, using the results of the first and

in the case of free lane travel where the plurality of vehicles
travel side by side in a plurality of lanes.

A second object of the present invention is to obviate a
tollgate by the implementation of the above functions of \
separately detecting the vehicles traveling side by side.

A third object of the present invention is, as a result of
obviating the tollgate, to allow an automatic debiting system to
be provided on a main road without requiring interchanges, as
well as to ensure easier and inexpensive execution thereof.

A fourth object of the present invention is, by use of radio
techniques in addition to the obviating of.the tollgate, to debit
tolls against vehicles and to confirm the debit, thereby enabling
both the collection and the detection of illegal vehicles (such
as vehicles paying no tolls) to be. executed irrespective of-
high-speed traveling of the véhicles.

A fifth object of the present invention is to execute both
the toll collection and the illegal vehicle detection while the
vehicles are traveling at high-speed, thereby preventing the
occurrence of a traffic jam.

A sixth object of the present invention is to improve vehi-
cle detection means and processing as well as the arrangement of
the means, thereby enabling a plurality of vehicles traveling
side by side or in tandem to be separatély detected at higher
precision and higher speed.

A seventh object of the present inventioﬁ is to eliminate

de§d spots in detection, by improving detection means and

...............................




50 second procedures while using quadric curve approximtion, etc., if
needed. a) Wen Judged to be Mdtorcycle by Second Procedure

Consi deration will be first given to the loop coil 60 whose |ow
sensitivity output has not turned on before its high sen- sitivity output
turns off after been having turned on. For such type of |oop coils 60, it

my be pyeigsEeihd hed wéllbhass cohighdrrahgememnontimetreofaught by the ot her
loop coils 60 or that it has caught a vehicle 48 (e.g., a notorcycle)

whi ch has notArbestghtawpiedy oficthe (presenp tavention i%ito cemsdreenan
Al urate fiGgment | 05 the types  of  winicies.  by® proviaing |
improved vehicle detection means and processing and, improved
arrangement thereof. | |
A ninth object of the present invention is to accurately
execute the judgment of the positions énd types of vehicles and
to detect spéeds of the vehicles so that illegal vehicles can
be photographed at appropriate timing.
ﬁi? A tenth object of the present invention is to facilitate

the identificafion of illegal vehicles by an improved data

processing method.
SUMMARY QF THE INVENTION

According to a first aspect of the present invention, there
is provided an automatic debiting system comprising first a gan-
try~disposed so as to span a road having a predetermined number
of lanes; a second gantry disposed so as to span the road on the
downstream side of the first gantry in the vehicle advancing
direction; debiting means arranged on the first gantry for radio
communication with vehicles traveling on the road to impose tolls
thereon; debiting confirmation means arranged on the second
gantry for radio communication with the vehicles traveling on the
road to confirm that tolls have been correctly imposed thereon;
passage position detection means for detecting passége positions
in the lane crossin§ direction of the vehicles traveling on the

road;

phgtography point decision means for deciding points to be




Figs. 20 and 21, assune that the |low sensitivity output of the |oop coi

Li has not turned on before its high sensitivity output turns off after
havi ng been turned on. In other words, suppose it has not yet been
judged that the vehicle 48 lying on the loop <coil L[err] is an autonobile
before its high sensitivity output turs off. In this instance, at the

i e whghadintidhbc o] dbdbtdano with Ofhd el i Gbd1ddodissd UiRedLEAS

the genéral control section 72 conpares a dlstance between the |oop
coi | L[ @rdssiaftyl ditectidheso 490fo sidbtoghdbh GlélsRsTed Frdie wIREh CEbh-

L[err] anobng the loop coils 60 for which judgnent was made that an

aut onobifiematdonEdese tiet dosen obtaired ecluand gt dossktr etoll1d aye doeerer -
correctly imposed thereoni.and illegal vehicle ﬁhotography means
for photographing the points to be photographed whichlhave been
detérmined by .the photography point decision means.

According to a second aspect of the present invention, there
is provided a method of debiting comprising the steps of execut-
ing radio communication for imposing tolls on a vehicle between a
first gantry disposed so as to span a road having a predetermined
number of lanes and the vehicle traveling on the road; executing
radio communication for confirming that tolls are normally im-
posed on the vehicle between second gantry, disposed so as to
span the road and arranged on a downstream side of the first
gantry, and the vehicles traveling on the road; detecting a pas-
sage position in the lane crossing direction of the vehicle
traveling on the road; determining the points to be photographéd
in accordance with the passage position in the lane crossing
direction so as to photograph at least the vehicle from which
confirmation that the toll has been normally imposéd thereon has
not been obtained; and photographing the points to be photo-
gréphed determined by the photography point determination means.

In the present invention, the first and the second
gantries are arranged so as to generally span a plurality of
lanes. The second gantry is positioned on the downstream side
of the first gantry when viewed along the flow of the vehicles.

The system of the present invention is further provided with
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m ned reference distance Cferr]. Wth this distance |less than the
reference distance (Jerr], both the |oop coils could be as- suned to have
caught the sanme vehicle 48 (the sane autonobile in this case). On the
contrary, with this distance exceeding the reference distance (Jerr] both

the loop coils could be assuned to 7 51
have « ndeitimagl xyeaaaghde&iftﬁ.agenbn\fehrmaltéenél&eans, paésageepoisdrtiemarrpl e,

the reference distance CJerr] is set
detection means, photography position decision means, and ille-
gal vehicle photography means. The debiting means arranged on th§
first gantry communicates with the vehicles passing along the
road to impose tolls on the vehicles (debiting). The debiting
confirmation means arranged on the second gantry communicates
with the vehicles passing along the road to confirm whether the
debiting has taken place normally or not (debiting confirmation).
The passage position detection means detects the passage posi-

e tions in the lane crossing direction of the vehicles passing
along the road. Then, at least the vehicles which have not
undergone the normal debiting are photographed. Which vehicle is

lto be photographed as an illegal vehicle is determined by use of
the passage position in the lane crossing direction detected by
the passage position detection means.

In the present invention: in this manner, +the debiting is
performed through the communication between the debiting means
and the vehicles, and hence there is no need for the users to
insert the tolls in cash into the toll collectors. Furthermore,
the debiting confirmation is performed through communication
between the debiting confirmation means and the vehicles, to
photograph tﬂe illegal vehicles, and hence there is no need to’
provide tollgates for barring the passage of the illegal vehi-
cles. Moreover, tﬁe specification of the illegal vehicles is
performed on the basis of the passage pésitions in the lane
crossing direétion which are detected by the passage position

detection means, and therefore even in the presence of a plurali-
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at .a distance 1.5 tinmes the | oop coil enbednent intervals. As depicted
in Fig. 20, suppose that the other loop coil 60 closest to the |oop coi
L[err], anong the loop coils 60 for which judgnent . was made that an
aut-onobi | e has passed thereover in the gecond procedure is a | oop coi
L[err] having a distance twi ce the |oop” coil enbednent intervals relative
to the | ayp ofoillaries undémcthe nfirdt sahseddne (gantde@d and iin fthe apase

fromthe loop coil L[err], the vehicle 48 which has passed over the | oop
coil Li wheseppde vehligles fare dfned rana Hravadiisige ad@nghitdie Hanemssthe
over the loop coil L[err]. The general control section 72 detects this

fact fryehisdesoqan ke Fapanafehbrdatactedyi sPasarddngly), the, phetogra-
phy of the illegal vehicles and the attendant processing (for

example, report of the illegal vehicles) can be accurately car-

ried out.

Also, in the present invention, a series of functions such
as debiting, debiting confirmation, and violator detection can
be implemented without providing tollgates, and hence the au-

ﬁ?? tomatic debiting s&stem can be implemented on the main road, and

i

not on the interchanges. It is also possible to debit against
the vehicles free lane traveling along the plurality of lanes.
This will result in easy and inexpensive execution of the
automatic debiting system. With the obviating of the tollgates,
the debiting and the debiting confirmation are carried out by the
radio communication with the vehiclesﬁ whereupon high-speed
traveling of the vehicles can be dealt with, thus preventing the .
occurrence of traffic jams.

For the detection of the wvehicle passage in the present
invention, use is first made of a plurality of detection elements
embedded for each lane in the lane crossing direction, secondly
of a light and shade pattern formed on the road, and thirdly of
the triangﬁlation using photo sensing technique.

First, considerafion will be given of the use of the detec-
tion.elements. ‘The detection elements can be, by way of exam-
pie, inductors such as loop coils. When the vehicle passes over

the inductors, the variety of magnetic materials constituting

e A |
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di stance between the |oop coil Li and the loop coil L[err]. |In accordance
with this detection, the general control section 72 judges that the
vehi cl e 48 which has passed over the loop coil Li is distinctly different
fr.omthe vehicle 48 which has passed over the loop coil L[err] and that
t-he vehicle center position of the vehPcle 48 which has passed over.the

| oop €oighelivdHiffl drcdlies | €99 Dodbctandd 66 thei Ladestdys aconrdey (i thasd
and Cferr] in the diagram Since the vehicle 48 which has passed over the
| oop caidsulftdmg irs thelgethrige bef athet outyet esignahevahossn | gmpritude, or
this will define the type and vehicle center position of the vehicle 48
whi ch h@hqsg&ygf(xhg indu¢tmggcoiIfL¢,plurality of detection elements

having such a nature, that is, such that output signal values |
vary when fhe vehicle passes through the vicinity theréof, are
- embedded for each lane, the passage position of the vehicle in
the lane crossing direction can be recognized at a needed resolu-
- tion in accordance with the positions of the detection elements.
Even though the plurality of vehicles travel side by side, irres-
pective of the spacings therebetween, the passage positions of
these vehicles can be separately detected véhicle by vehicle, by
performing analysis based on the output of the inductors.
Further, by comparing the output signal values of the detec-

tion elements whose output signal values have changed with the
output signal values of the other detection elements, the type of
the passing vehicle can be identified. When for example, only a
single inductor exhibits a change in output signal value, but the
other inductors adjoining or in proximity to it exhibit no change
of output signal values, the passing vehicle can be regarded as
a vehicle having a narrow width such as a motorcycle.

Conversely, if a change of the output signal value appears in the
plurality of inductors adjoining or in proximity thereto, the
passing vehicle can be regarded as a vehicle having a wide width
such as an automobile. The identification of the vehicle type
can be done using other techniques, but the utilization of the
detection elements can implement at the same time, the passage

position detection in the lane crossing direction and the vehicle
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As depicted in Fig. 21, suppose that the other loop coil 60 closest to the
| oop coil Vi anong the loop coils 60 for which judgnment was nmade that an

aut onobi | e has passed thereover . 52
in. the second procedure is a |oop coil b[err] having a distance equal to
the loop coil enmbednent intervals relattVe to the | oop coil L[err].

Si nce-i Ryigd 9@ fheation. cambrébeer) bp sviiizisgtthe ceésakttof the | oop
coil L[err], the vehicle 48 which has passed

vehicle type identification, the passage position in the lane
crossing direction can be more accurately determined.

-In order to perform this wvehicle type .identification by
relatively simple means when carrying out the vehicle type
identification by use of the detection elemenfs such as induc-
tors, the following method a change has appeared in the output
signai value of the inductor, it is judged whether the output
signal value after change is a relatively small value or a rela-
tively large value. Then, for the inductor of which an output
signal value aftef change is a relatively small value; it is
estimated that the vehicle which has passed through its vicinity
is a lightweight vehicle having a relatively small mass.
Conversely, for the inductor of which output signal value after
change is e relatively large value, it is estimated that the
vehicle which has passed through its vicinity is a heavyweight
vehicle having a relatively large mass. In other words, the
passage detection in the present invention is performed utilizing
the two kinds of sensitivity, and the identification of the vehi-
cle type is performed of the combination of the detection results
by the two sensitivities.

The utilization of the results of the passage detection by
the two kinds of sensitivity will ensure an accurate estimation
of the passage positions in the lane crossing direction.

For example, assume a vehicle which has passed through the

vicinity of a first inductor has been estimated to be a light-

weight vehicle. Also assume that a vehicle passing through the
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over the loop coil L[err] is assuned to be the very same as the vehicle 48

whi ch has passed over the loop coil L[err] . The gener- al control

section 72 detects this fact fromthe conparison of the reference distance
- Cerr] with the distance between the |l o coil Li and the | oop coi

L[err]. In accordance with this detec- "tion, the general control section

72 judgegibial tih eV iR rd A ndiftitdr RS RRICOrov e prbgimdey &o lfikist S
the very sane as the vehicle 48 which has passed over the loop coil L[err]
and t hat ihbBecteehhalse been estiamtedrtoobe lae heabiyabeght whhdkleas pafsdhe
over the loop coil L[err] assunmedly lies on the loop coil L[err] 60 as
i ndi cat edibyaace! heltweiegntiiee dwd @nducitors dst Aesdi dbpantheboefemrence
distance, it is considered that the vehicles which have passed
through the vicinitieé of the two inductors are one and the same.
- Therefore, by making use of, for example, the positions at which
the inductors are embedded, the timing at which the output sign-
als values vary, etc., for the execution of quadric curve approx-
. imation, the position, in the lane crossing direction, at which
&“? the vehicle passed through the vicinities of the two conductors
can be more accurately estimated. If it is difficult to execute
the quadric curve approximation due to the deficient number of
“inductors detecting the same vehicle, then alternative approxima-
tion points may be found for the deficient number of approxima-
tion points in accordance with the timing at which the output
signal changes appear form any inductors. If the distance bet-
ween the two inductors is larger than the reference distance, it
can be estimated that the vehicles which have passed through the
vicinities of the two inductors are separate vehicles.

In the case of the existence of a plurality of inductors in
proximity to each other exhibiting signal variations, as a result
of a vehicle passing through the vicinities thereof, that in-
dicate that the wvehicle is a heavyweight vehicle, the passage
position in the lane crossing direction, of this vehicle can be
estimated in accordance with the positions of these inductors,

and the timing of the change of the output signal values.

By utilizing the results of the passage detections using
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position indicated by a white dianmond and (err] in the diagram From
this judgnent result both the vehicle center position esti- mation result
in the first procedure and the vehicle type judg- nent result in the
second procedure are canceled for the vehicle 48 which has passed over the
| oop coil L[err]. Regar di ng t hd2vehi cl e 48 which has passed over
the -+ obpo kdnldsl pdr sensitihe xamiiexrefis-ippsiblancd separatdly 4ete@otth
has passed over the loop coil L[err] in the exanple of Fig. 21 the

j udgmena pduupilitiacf Mehigies diraved inghiigl dandean adinorbbidis easepbtid riesl
by the second procedure is established. However, its _vehicle center
posi ti of PERRILRP @fc Ot WFtHdROUish ffhe plurality of vehicles travel-

‘ing in tandem from a single vehicle having a longer length.

In both the case of a plurality of vehicles travéling in
tandem and of a single vehicle having a longer length, the output
signal values of the inductors first change into relatively small
lvalues and into relatively large values, and then temporarily
change into relatively émall values and again into relatively
large values. Compared with thé initial transitional time
during which the output signal values change for the first time
from the relatively small valugs into the relatively large .val-
ues, the intermediate transitional time during which the output
signal values change for the second time from the relatively
small values into the relétively large values is longer for the
plurality of vehicles in tandem, but is shorter for the single
vehicle having the longer length. Accordiﬁgly, by detecting the
initial transitional time and the intermediate transitional time
and comparing them, the two cases can be distinguished froﬁ each
other. _ | |

A method of detecting the passage positions in the lane
crossing'direction of the vehicles includes not only the method
of utilizing the detection elements but also a method of making
use- of tﬁe light and shade pattern formed on the surface of the
road. In the absence of the wvehicles lying on this light and
shade: pattern, the images obtained by photographing the 1light

and shade pattern contain the images representing the light and
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necessity -of taking into consideration both the manner of outputs
53 of the loop coils 60 adjacent to or in close proximty to the |oop coi
L[err] or the loop coil L[err] and the possibility that the vehicle 48

'ﬁay cause the |l ow sensitivity outputs #?: a plurality of |loop coils 60 to
si mul t aneously be on. Processing for efinitely deciding this wll becone
appar enshédenpatterol.| oWhen advehdicle passes) owean thedddghto apd Aghadsi | e

by Second Procedure
pattern, the presence of the vehicle will disturb the light and

shade pattern in the images. Therefore, based on the disturbance
of the light and shade pattern in the images being photographed,
the passage of the vehicle over the light and shade pattern dan
be detected. Also, the points at which the disturbances have oc-
curred can be detectéd as the vehicle passage positions. In the
case of the use of the light and shade pattern in this manner,
the difference in reflectivities between the "light" parts and

{_f the "shade" parts may be utilized for calibration of the photog-
raphy and detection of the light and shéde pattern, thereby
reducing the influences of the variations in sunshine or the
occurrence of shaded portions.

The means for photographing the light and shade patterns
are preferably disposed at positions allowing the photography of
the vicinities of the boundaries of the lanes. Such an arrange-
ment will reduce the dead spots in detecting the vehicle passages
by use of the light and shade pattern. Mofe specifically, in the
case 6f a vehicle having a higher height_such as a double-decker
bus, traveling in the middle of the lane together with a vehicle
‘having a lower height such as a motorcycle traveling alongside,
proper detection of the passége of the vehicle having the lower
height can be ensured.

In the present invention, alternatively, a light emitting
device and a photo receiving device my be used for position
detection. The light emitting device emits the light onto the

road, .more specifically, onto the white line crossing the lane.
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Wih regard to the loop coil 60 whose |ow sensitivity output has turned on
before its high sensitivity output has turned off after having been turned
on, judgnent is nade that "the type of the vehicle 48 which has passed
thereover is an autonobile” by the secppd procedure. Also, for the other

| oop coils 60 having distances |l ess than the reference distance Cerr]

rel ati veThe 3ight zeredyivgi Hegdceamecelives thghlighti reflegted: byt $heave
turned on, both the vehicle center estimation result in the first proce-
dure andread 9§hFBPeV99§§1FUQQWEhﬁ readkt BYeséaﬁééPthb9 raed 3:dprg) the

the third procedure. Thus, as to the |l oo EM/SenSItIVIt¥ out put
has turn%ﬂn%ncﬁgﬁﬁFgglF%rﬁp§ﬁ°§eﬁ§ptpyl itting the ight at descrete

points of time using the light emitting device, the position at
which the vehicle croéses the white line on the road and the
width there of can be detected without using the black and white
pattern. Therefore, the position detection can be performed with
less suffering the rain, dust or the like.

In the present invention, the speeds of the vehicles which

{TE have passed undér the first gantry are detected and the photo-

graphing timing is regulated in accordance with the detected
speeds. Accordingly, the-photography of the license plates is
executed at appropriate timing accordiﬁg to the vehicle speeds.

Then, in the present iﬁvention, the results of the
communication between the debiting means- and the vehicles are
cofrelated with the vehicles photographed by the illegal
vehicle photography means by the vehicle specification means.
This will allow correct and easy specification of the illegal
vehicles.

-BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, advantages and features of the
present invention will becoﬁe more apparent from the following
detailed description when read in conjunction with.the accompany-
ing drawings wherein like elements are referenced by like numer-
als, and wherein:

Fig. 1l is- a perspective view showing an external

appearance of a system according to an.embodiment of the present
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out put has turned off after having been turned on, there is a need to
establish the vehicle center position of the vehicle 48 which has passed
t hereover, taking into consideration the enbed- nent positions of the

ot her loop coils having distances |ess %han the reference distance (err]
relative to such a loop coil 60 and whdse hi gh sensitivity outputs have
t ur med j@fyention, ?&rtmﬁlafnypninathéheieimyheﬂ fiest cand esecondi t y

output has turned off, the general control section 72 corrects the
vehi cl ggapsyiiss posi tion estimated by the first procedure. The
Fig. 2 1is a perspective view showing an external
appearance of a system according to a prior_art examplé, particu-
larly, in the vicinity of a tollgate; |
Fig. 3 is a.side elevational view showing equipment
arranged on fhe first and second gantry;
Fig. 4 is a diagram depicting, by way of éxample, an ar-
rangement of loop coils}
-f? Fig. 5 is a diagram depicting another arrangement of the
loop coils;
Fig. 6 illustrates by way of example an arrangement of
" line scanners; | |

Fig. 7 illustrates an example of the arrangemenf of the
line scanners;

Fig. 8 1is a block diagram rep:esenting a functional
configuration of a local controller;

Fig. 9 is a block diagram representing a functional
configuration of an in-vehicle unit (IU):;

Fig. 10 is a block diagram representing a functional
configuration of a'loop-type vehicle presence detection unit;

Fig. 11 is a block diagram repreéenting a functional

~ configuration of a line-type vehicle presence detection

section; |

Fig. 12 is a flowchart showing a flow of overall processing

in this embodiment;

Fig. 13 is a flowchart showing a flow of " debiting
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54. correction conprises the step of using quadric curve approxinm- tion.
This will ensure that the general control section 72 is capable of nore
accurately finding the vehicle center position of the autonobile which is
passing over the loop coil 60 whose |owgsensitivity output has turned on
before its high sensitivity output turns off after having been turned on.
It is-toprecespimgri ated that in definitely determning the vehicle center
position by such techni ques all owance nust be nade for the se- quence in
whi ch the hi ghigend#ti 45t diegrem vepresentdpgcselatéonships between

vehicle presence detection by use of the loop coils and timing of
photogréphing a number plate or license plate, in which (a)
shows a plahar positional relationship among vehicles, loop
coils, camera capture zones, and debiting confirmation antenna
coverages, (b) shows signal timing where the vehicle is a bus or
a large~-sized <truck, (c) shows sighal timing where the vehicle
is an automobile or a small-sized truck, and (d) shows signal
timing where the vehicle is a motorcycle;

Fig. 15 4is a diagram representing a principle for
identifying the types of vehicles by use of the loop-type
vehicle presence Qetection section having outputs of high and low
sensiéivity, in which (a) shows a positional relationship between
the loop coil and the vehicle, (b) shows an output waveform of
the' loop coil, (c) shows a high sensitivity output waveform, and-'
(d) shows a low sensitivity output waveform;

Fig. 16 is a diagram representing a principle for identify-
ing the types of vehiclés by use of the line-type vehicle pres-
ence detection section, in which (a) shows a positional relation-
ship between a line and vehicles, (b) shows the contents of data
derived from a line scanner in the absence of the vehicle on the
line, (c) shows the contents of data obtained by the line scanner
in the presence of a white vehicle on the line, and (d) shows the
contents of data obtained by the line scanner in the presénce of
a black vehicle on the line:;

Fig. 17 is a conceptual diagram for explaining a first
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have turned on. bl) Case in which the high sensitivity output of the |oop
coil Li turns on earlier than the high sensitivity outputs of the |oop
coils L[err] and L[err] In general, the center of the vehicle 48 has

t he, nrost magnetic mass distri buted thewﬁﬁround. Accordingly, the high
sensi‘tivity output of the |oop coil ose enbednent position is closer

to the vephodeduren icongasivting talrvshisl @ e ittion ouddimint®pideeseing £0i |
whose enbednent position is farther from the vehicle center position. For
this reason, ®Fig.hi g8 siens tdonceptualbdingran fidre |eqglaimingCa oveecond ch

a vehicle 48 has. passed
procedure constituting = the vehicle position Jjudgment

processing, in particular, showing an example in which the
judgment results in an automobile;

Fig. 19 is a conceptual diagram for explaining a second
procedure making up the vehicle position judgment processing,
in particular, showing an example in which the judgment results
in a motorcycle; _

Figs. 20 to 29 are conceptual diagrams each explaining a
third procedure making up the vehicle position judgment
processing;

Fig. 30 1is a flowchart depicting an overall flow of
vehicle center position judgment processing;

Fig. 31 is a flowchart depicting a flow of high
sensitivity fall processing in the vehicle center position
judgment processing:;

Fig. 32 is a flowchart.depicting a flow of low sensitivity

- fall processing in the vehicle center position judgment
processiﬁg;

Fig. 33 is a flowchart depicting a flow of high
sensitivity rise processing in the vehicle center position
judgment processing;

Fig. 34 is a flowchart depicting a flow of low sensitivity

rise processing in the vehicle center position judgment

processing:

Fig. 35 is a flowchart representing a flow of wvehicle
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the type of which type has been judged to be an autonobile by the second
procedure turns on earlier than the high sensitivity outputs of the | oop
coils 60 which have caught the same vehicle 48 anong the |oop coils 60
adjacent to or in proximty thereto. 1[I} is therefore typically envisaged
that the high sensitivity out- puts tuth on in the sequence as shown in
Fi g. 22.center Asjudgmérptr procesbhingdi dgrthe tvehbecbdé seenteérvi ppsdttput
55 of the loop coil L[err] over which a vehicle 48 has passed the type
judgment processing;

Fig. 36 1is a flowchart representing a flow of vehicle
cenfer possibility examination processing in the vehicle center
position judgment procéssing;

Fig. 37  1is a flowchart representing a flow of quadric
curve approximation processing in the vehicle center position
judgment_procéssing;

Fig. 38 is a flowchart representing a flow of processing
for correlating vehicles which have passed by with the results
of communication in order to ensure secure identification of"
illegal vehicles; |

Fig. 39 is a perspective view showing another example of the
external appearance of the system, especially in the vicinity of
the first and second gantries:;

Fig. 40 is a perspective view showing an external appearance
of a system according to a third embodiment of the invention,
particularly, in the vicinity of first and second gantries;

Fig. 41 is a perspective view showing an external appearance
of a syétem according to a fourth embodiment of the invention,
particularly, in the vinicity of first and second gantries;

Fig. 42 is a schematic view showing a configuration of a
distance sensor and positional relationships between the distance
sensor and a measurement range in the fourth embodiment;

Fig. 43 illustrates the principle of detecting a position

and a width of a vehicle according to the fourth embodiment:

Specifically, (a) shows how the position sensor scans in the lane
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of -whi ch has been judged to be an autonobile by the second proce- dure is
on previous to the high sensitivity output of the loop <coils L[err] and

L[err] enmbedded on both sides of the loop coil Li. 1In this case, the
germeral control section 72 applies to ajguadric curve the tinme when the
outputs of the three loop coils L[err] , L[err], and L[err] have turned on

(quadri cctosedngp divectdiongn)and Hotuatdon bEnlighademd ttdnge andp receiivel ray
distribution of the magnetic mass in the vehicle 48 which is passing over
t he.t hr eelemeptsoions a [Hime-divijded basdsd (per showsThudisiapesk deftedtdion
*quadric curve (a point where tangential direction of the quadric curve
cai nci derefuily inddcadd@g thesiabgemcecofi §he WRhdrlesoRedi yhited 3pe: Witk e
shows a judged result by comparing the distance detection result
of (b) with a criterion; (b) shows a disténce detection result
‘indicating the presence of the vehicle on the white line; and (e)
shows a judged result by comparing the distance detection result
of (d) with the criterion;
' Fig. 44 shows an arrangement of the distance sensor in the
crossing direction;

Fig. 45 shows an arrangement of the distance sensor in the
vehicle advancing direction;

Fig. 46 shows another arrangement of the distance sensor in
the vehicle advancing direction:

Fig. 47 is a flowchart showing the sequence of detecting the
position and width of the vehicle;

Fig. 48 is a perspective view showing an external appearance
of a system according to a fifth embodiment, pérticularly; in the
vicinity of first and second gantries; and

Fig. 49 shows an arrangement of line scanners and loop coils
when the iris of line scanners is controlled by corresponding
loop coils.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

‘A preferred embodiment of the present invention will now
be described with reference to the accompanying drawings.
(1) System Appearance

Referring first to Fig. 1, there is depicted an external




di amond in the diagranm) can be regarded as a position where the nost
magnetic nmass is comonly distributed, that is, a vehicle center position.
Then, in accordance with the result of the quadric curve approxination, .
t he general control section 72 correctg,the vehicle center position Clerr]
estimated by the first procedure. That 1s, the thus obtained quadric curve
peak - s appadramee aofin &st abhtohetio adelsi eing dyrstgmwsadeordher rtocl aaer
to the true val ue. A mere application of this quadric curve
appr oxi embicgiiment lohethe aprdsernt imverned ors patheieulaxly t hinl the vicini-
~.sensitivity and high sensitivity outputs have turned off while |eaving
either & of first and second gantries. This embodiment includes no
tollgates. In place of the tollgates there are provided a first
* gantry 44 and second gantry 46 each spanning a plurality of lanes
(six lanes are shown). That is, the system of this embodiment
is carried out on a main road without providing any interchanges.
Naturally, the present invention may also be applied to a single-
lane road.

Vehicles 48 are free lane traveling from the upper left of
the diagram toward the lower right. The first 44 and second 46
gantries are disposed'upstream and downstream, respectively, in
the advancing direction of the vehicles 48. The distance between
the first 44 and second 46 gantries is determined depending on
the legal speed limit of the vehicles 48 to be detected. More
specifically, for at least vehicles 48 traveling slower than the
legal speed limit, the distance is so set as to complete process-
ing such as debiting, debiting confirmation, and illegal vehicle
identification by the time the vehicles 48 pass under the second
gantry 46 after the passage under the first gantry 44.

On the spanning portion of the £first gantry 44 are
arranged debiting antennas 50 and enforcement cameras 52. The
debiting antennas 50 are each provided for each of the lanes, and
communicate for debiting with the vehicles 48 (more precisely,
with their IU's 62 which will be described later) traveling on

the corresponding lanes. The enforcement cameras are each used

to photograph license plates of the vehicles 48 traveling on the
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both of the high sensitivity outputs of the | oop coils L[err] and L[err]
of f. To conpensate for this, the general control section 72 executes the
fol |l ow ng processing. As shown in Fig. 23, assume first that both the
| ow sen- 21 56 sitivity and high
sensitivity outputs have turned off with either of the high sensitivity
out put s Ene he Agophewn) sthe [ pumber oof therenfoéxtenént r¢ameénashtodbegr an

renalmlg%éggged may be for example 2n - 1 for n lanes (n: natural
numbers). Furthermore, the object to be photographed is not
restricted to the license plate. That is, to identify the type
of a vehicie, parts other than the license plate may be photo-
graphed. Alternatives may include a front or rear view of the
vehiéle, or the vehicle driver. Such arrangement of the
enforcement cameras 52, so there are more cameras than lanes,
will ensure a substantially enhanceq horizontal resolution -by
integrating all the enforcement cameras 52 irrespective of a
reduced number of pixels in the horizontal direction of individu-
al enforcement cameras 52.

Together with lighting units 54 not shown in Fig. 1, the
enforcement cameras 52 are positioned, for example, 5.7 meters
above the surface of the road (see Fig. 3). The enforcement
cameras 52 and associated lighting units 54 are located, for
_example, 0.5 meters downstream from the debiting antennas 50.
Although not shown, the debiting antennas 50 are directed direct-
ly below or slightly upstream for fadio communication with the _

- IU's 62. The enforcement cameras 52 are arranged in such a
manner as to be able to photograph license plates of the vehicles
48 which have passed over loop coils 60 described later. More
specifically, depressions of the enforcement cameras 52 are so
set that the license plates of the vehicles 48 enter capture
zones 500 at a point of time after the vehicles 48 have passed
over the loop coils 60. It is to be noted that the arrangement

positions of the enforcement cameras 52 must be determined de-
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In this case, anong three different times to be originally applied to the
quadric curve approximation, it is difficult to obtain the tinme when the
hi gh sensitivity output of the loop coil L[err] has turned on.

Therefore, the general control secthon 62 applies to the quadric curve
approxi mation as an alternative, the tine (indicated by white triangle in
the .di pahaihgmoivahed ¢osaidriie df reheVlodpt Boillewsggnetc.yi anduthet  of
the loop coil Li has turned on and the tine when it has turned off. In

ot her wspdedsaofalthe oathdicles B8 .addomproingly., tthe enforcesient [gameras i ne
when the | ow sensitivity output of the loop coil Li turns off after having
turned 68) may pEssibly kecprnawided on the second gantry 46. The light-

ing units 54 throw light onto at least their respective camera
capture zones 500.

On the spanning portion of the second gantry 46 are’
debiting confirmation antennas 56 and line scanners 58. In the
same manner as the debiting antennas 50, the debiting
confirmation antennas 56 are individually associated with each
of the lanes, and communicate for debiting confirmation with the
IU's 62 of the vehicles 48 tra?eling on the corresponding lanes.
In order to eliminate dead spots,_as will be described later, the
number of the line scanners 58 to be arranged is n + 1 for n
lanes. As is apparent from Fig. 3, the debiting confirmation
antennas 56 and the line scanners 58 are dispoéed at the same
level as the debiting antennas 50 above the surface of the road.
Communication zones 502 of the debiting confirmation antennas 56
are also set so as to allow communication with the IU's 62 on the
vehicles 48 at a point of time after the vehicles 48 have passed
over the loop coils 60.

Arranged on the road side are the loop coils 60 which are
coils embedded in the ground and whose embedded positions are
indicated by rectangular frames in Fig. 1. In response to the
passage of the vehicles 48 (more generally, magnetic matefials)
thereover, inductances of the loop coils 60 vary. Thus, the
passage of the vehicles 48 can be detected by detecting changes

of voltage amplitudes or phases which may appear in the outputs

'l
'
i
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| ow sensitivity output of the loop coil Li has turned on is used in the
quadric curve approxi mati on. The general control section 72 executes the
sanme processing as above in the case of the absence of either of the |oop
cotls L[err] and L[err] (for exanple,23mhen the loop coil L[err] is a

| oop coil 60 |ocated at the edge of the road). As seen in Fig. 24,
assune tofit théelbow seddist 60 tin actordagkes githt vartiptdonsupE dnductdnmgs

coil Li have turned off wth the outputs of the loop coils L er&b and
‘Llerr] whidensuppéying pitemnatdage signplsudnfer thenlegp: ke «c dheve

approxi mation,  the 8eneral contrql sectiqgn 72 establishes the vehicle
center loop coils 60 are embedded at predetermined points between the

first gantry 44 and the second gantry 46, each lane being embed-
ded with two or more 1oop'coils. For example, three loop coils
60 may be disposed within one lane as shown in Fig. 4, or four
loop coils 60 may be placed as shown in Fig. 5. The use of such
a multiplicity of loop coils 60 for each lane will contribute
effectively to detection of vehicle passage positions at higher
resolutions in a lane crossing direction. In other words, by
detecting wﬁich loop coils 60 have their outputs varied, it is
possible to detect the passage positions of vehicle 48 at a high
resélution. Moreover, based on patterns of wvariations in outputs
of the loop coils 60, it is possible to recognize the type of the
vehicle 48 which has passed over those loop coils 60. It will
be appreciated.that the loop coils 60 may be embedded on the
downstream side of the second gantry 46.

A line 64 is further provided on the road side, and this
can be used as an alternative to the loop coils 60. The line 64
is composed of an alternate pattern of black-and-white at prede-~
termined intervals. The line scanners 58 are disposed on the
second gantry 46 in such a manner that they are capable of photo-
graphing the line 64. In the absence of vehicles 48 on the line
64, images photographed by the line scanners 58 show the black-
and-white pattern. When the vehicles 48 pass across the line 48,
the black-and-white pattern of the images will be obscured.

Therefore, from the state of this observing, it is possible to
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position (err] (indicated by white-dianond in Fig. 24) estimated by the
first procedure intact as the vehicle center position (Jerr]

57 b2) Case in which the high sensitivity output of either the |loop coi
L[err] or L[err] turns on earlier thanygr simultaneously with the tine
when the high sensitjvity output of the |loop coil L[err] turns on:

As st at exetcognize abbeepbbsageheofii theseaebitlest 48 puppasagé pokitioos,cand

60 whose enbednent position is closer to the vehi-

the types of vehicles. Also, a difference in reflectance between
the "bladk" and "white" portions of the pattern can be utilized
to perform éalibrations for the implementation of detection
'independedt.of environmental factors.

The 1line 64 extending across the lanes is formed, for
example, of paint of alternate black and white af predetermined
intervals. This will contribute to inexpensive formation of the
line 64, but will instead require relatively frequent.main-
tenancé (such as repainting). Alternatively, the line 64 may be
formed, for example, of ceramics plates or tiles. This will
lead to longer duration than the paint and save labor associated
with maintenance. Also, a difference in reflectance between
white tiles, etc., and the surface of the road is usually larger
than the difference in reflectance between the black and white
paint, and hence black tiles; etc., need not be employed. In
addition, the line 64 may be comprised of reflectors. Due to
larger reflectance, the reflectors will more positively ensure
effects similar to the;case of the tiles and the like. In addi-
tion, the line scanners 58 may be fittéd with lighting units and
receive light reflected from the line 64.

The line scanners 58 are positioned in such a manner as.
shown in, for example, Figs. 6 and 7.where four line scanners
58 in total are provided for three lanes. With the number of
line scanners 58 being n + 1 for n lanes in this manner, the
vicinities of lane separating lines would be allowed to fall

within the capture zones 504. In the example of Figs. 6 and 7,

——
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cl.e center position generally turns on before that of the loop coil 60
whose enbednent position is farther fromthe vehicle center position.
Dependi ng on the shapes ar the wi-dths of the vehicles 48, however, the
hi-gh sensitivity output of the loop <coil 60 whose enbednent position is
farther fromthe vehicle center positi%m may possibly turn on earlier than

or simulf@etin®ustanneisd $Baarefeadl taPsIbLIS| bf GHLAG Sy PEDPRGEOSrapA-t i ON
is closer to the vehicle center position. To deal with such situa- tions,:-

t he geneiry, cad radjciningnl ife eseambess t 5@ have mverlapped ecsaphyre zones
First, as shown in Figs.. 25 and 26, envisage a case where
: 504. The line scanners 58 at two extreme ends are positioned

apart from shoulders approximately 1.1 meters corresponding to
the width of the motorcycle plus slight mérgins. Such an ar-
rangement of the line scanners 58 will allow accurate detections
of motorcycles traveling beside a vehicle of larger height, such
as a double-decker bus.

Disposed at the side of the road is a local controller 66
serving to control the equipment mounted on the first 44 and
second 46 gantries, and making use of this equipment to obtain
transaction reports therefrom. The local controller 66 receives
commands from a system central controller 68 (see Fig. 8) situ-
ated some distance away and transmits the transaction reports to
the system central controller 68.

(2) Functions of System Components

Referring to Fig. 8 there 1is depicted a functional
configuration of the local controllér 66 for three lanes. In
the case of an increased number of lanes, additional components
are correspondingly provided. For simplicity of representation,
a single local controller 66 is provided although in the actual
system a plurality of local controllers 66 are typically under
the control of one system central controller 68. |

The local controller 66 comprises an antenna controller
(ANTC) 70 for'controlling debiting antennas 50. The debiting

antennas 50 are individually provided for each of the lanes, and

therefore three debiting antennas 50 are required for the three
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either one of the high sensitivity outputs of the loop coils L[err]
and L[err] (L[err] in the diagran) has turned on before the high
sensitivity output of the loop coil Li turns on. More magnetic nass of
the vehicle 48 may be assuned to lie o he loop coil L[err], provided
that the low sensitivity output of the oop coil L[err] is off when the
| ow sensidhes!y oDheuliebitihfecantennasobd bfrereadchagsédr8ed ebimuhdtate
exanpl e, a case where as shown in Fig. 25, the |low sensitivity output of
t he | oopwicthh | the[ efW] 62mmoustedf oni &l vehiéclemt8when the puwmpesesofi vity
output of the loop coil Li turns off after having been turned on, or a
case - debiting. For communication with the IU 62, the ANTC 70 re-
ceives commands from a general control section 7. The ANTC 70
_processes information obtained as a result of the communication
and then supplies it to the general confrol section 72.
The IU 62 has.a configuration, by way of example, such as
shown in Fig. 9. The IU 62 is a unit atfached to a windshield
(for example, below a rear view mirror) of the vehicle 48. As
shown, the IU 62 includes an antenna 74, a radio section 76, a
reader/writer 78 and a control section 80. The antenna 74 is an
antenna for radio communication with the debiting antennas 50 and
with debiting confirmation antennas-56. Using the antenna 74,
the radio section 76 performs signal communication with the local
controller 66. The reader/writer 78 is used to write informa-
tion into an IC card 82 called a smart card and read information
from the smart card 82. In response to power-on, etc., the
control section 80 executes mutual authentication between the
smart card 82 and the IU 62, and then controls the operation of
the IU 62. In the case where the IU 62 is additionally proVided
with a displéy, subsequent to debiting confirmation communica-
' tion, the control section 80 allows the balance of the smart card
82 to appear on a screen of the display.
Reférring back to Fig. 8, the 1local controller 66
comprises a loop-type vehicle detection section 84. The loop-

type vehicle detection section 84 includes three loop-type

vehicle detection units 86, each corresponding to each of the




58 where al t hough not shown, the | ow sensitivity output of the |oop coi
L[err] turns on after the |ow sensitivity output of the loop <coil L[err]
has turned on and the |ow sensitivity output of the loop <coil L[err] turns
off after the |ow sensitivity output ofythe loop coil L[err] has turned
of f). I n consequence, the vehicle center position (Jerr] (i ndicated
by a whikanel anvhdei hoopetybegvehjcletdetegipion wyits 86 i eachpperéaume is

definitely determ ned as the vehicle center position by the general
control BERGesSFing, upon vehicle detection, by use of loop coils 60

embedded in the corresponding lanes. The loop-type vehicle
detection units 86 each serve to detect that the vehicle 48 has
passed over the associated loop coils 60 and feed the results to
the general control section 72.

Fig. 10 depicts a functional configuration of the loop-type
vehicle detection unit 86. For simplification of representation,
the configuration is shown corresponding to one loop coil 60.

In the loop-type vehicle detection unit 86, alternating current
signals output from an oscillation section 88 are power amplified
through a power amplifier section 90 and then suppiied to the
_loop coil 60. 1In response to the passage of the wvehicle 48 over
the loop coil 60, the inductance of the loop coil 60 is in-
creased, resulting in a raised vqltage.at both ends of the loop
coil 60. In parallel with the loop coil 60 a detection resistor
92 is connected, by which a variation in the inductance of the
loop coil 60 is detected in the form of a change in voltage. The
results of detection by the detection resistor 92 are processed
by a detector controller (DETC) 94, and then supplied to a
couple of comparators 96 and 98. The comparators 96 and 98
compare two respective thresholds which have been set at values
different from each other with the output of the DETC 94. The
results of comparison are transferred as signals indicating the
passage of the vehicle 48 to the general control section 72.
Hereinafter, the thresholds associated with the comparators 96

and 98 are referred to as high sensitivity and low sensitivity'
e
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Conversely, nore magnetic nmass of the vehicle 48 may be as- suned to lie
on the loop coil L[err] , provided that the |ow sen- sitivity output of
the loop coil L[err] is on when the |ow sen- sitivity output of the |oop
coil L[err] has turned off (for exanplejpg a case where as shown in Fig. 26,
the low sensitivity output of the loop coil L[err] turns on after the | ow
sensi t i vEhyeshodds orespectiogdyoi Simidex]ly, Khe resmddsoefasempanigomore

the | ow sensitivi output of the loop cail L[err] turns off after the | ow
Sensi {1 VAEFOCSALEE WD (Hien GOMHOT SR a 501 3DEWAB: 8T8 FREBIRENOEO: poubiae

Tou e QP e oo 0 L, g o0 il the Jan
ed that a variation in inductance may be detected as a change in
phase although it is detected as a change in voltage in the’
circuit of this diagram.

The local controller 66 depicte@ in Fig. 8 further
comprises a line-type vehicle detection section 100. Similar
to the loop-type vehicle detection section 84, <the line-type
vehicle detection section 100 is means for detecting the passage
of the vehiclel48'and supplying tﬁé results to the general con-
trol section 72.

Fig. 11 depicts a functional configuration of the 1line-
type vehicle detection section 100. As shown, the line-type
vehicle detection section includes a line scanner controller 102,
line scanner data read sections 104, a vehicle detection section
106, a calibration section 108, a line scanner iris control
section 110, and an interface section 112.

The line scanner controller 102 supplies power to the line
scanners 58 and imparts clocks thereto fqr their operations.
In response to the clocks, the line scanners 58 photograph a line
64 and supply resultant image signals to the corresponding line
scanner data read sections 104. The line scanner data read
sections 104 convert the image signals into digital data, and
store them in internal image memories. On the basis of the data
stored in the image memory, the vehicle detection section 106

performs the processing on detection of the vehicle 48. Trans-
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the |l ow sensitivity output of the loop coil L[err] turns off after the

| ow sensitivity output of the |loop coil L[err] has turned off). It is
appropriate in this case that the vehicle center position is understood to
lie on the loop coil L[err] , not on thggl oop coil Li. Thus, from anmong

the estimation results in the first proce- dure, the general control

secti on f@rradcebsthkegenbiralle coatirel spetibhol2CthAtrblgh( ithe daited face

white dianond in the diagram asso- ciated with the loop coil L[err], but

i nst ead seprbon Lh3 dst thusi obtained information such as, for example, ‘
the presence or absence of the passage of the vehicle 48, and if
present, the width of the vehicle 48 which has passed thereover
and its passage positions (in lane crossing direction).

The general control section 72, if needed, issues commands
via the interface section 112 to the calibration section 108.
In compliance with the commands from +the general control
section 72, the calibration section 108 reads data from the image

. memories of the line scanner data read sections 104. In accor-
dance with a black-and-white patterh contained in the read data,
the calibration section 103 issues commands to the line scanner
iris control séction 110 which in turn controls the iris of the
line scanners 58 in response to the commands. Irrespective of
variations in sunshine, etc., this control allows data showing
the black-and-white pattern to be formed in the image memories of
the line scanner data read section 104.

The 1local controller 66 further éomprises a vehicle
photography section 114 for the processing and control
pertaining to enforcement cameras 52, and an image compression
secfion 116 for the data compression of images obtained by the
photography. The vehicle photography section 114 includes image
memory/plate detection units 118 provided in correspondence to
the enforcement cameras 52, a control section 120 for controlling
the image memory/ plate detection units 118, and an image inter-
facelsection 122 consisting of an interface associated with image

output. The image compression section 116 includes image com-
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59 .result associated with the loop coil L[err] as the definitely

determ ned vehicle center position. Further, envisage a case where
either one of the high sen- sitivity outputs of the loop coils L[err] and
L[err] turns on simul- taneously with Bbe high sensitivity output of the

| oop coil L[err] For exanple, assum ng that the high sensitivity outputs
of thé |pression urd{ts ri2ansrddided in worrexpaiddrive stanethe nenfancemehat
the |l ow sensitivity output of the loop coil L[err] renmains off at the

ti me whercanexrdsoWwdensitivity output of the loop coil Li has turned off
(including a case where as shown in Fig. 27, the |ow sensitivity output of
the | oop coil I gfegponse ke fhefdeteqgtiqmof passage of the vehicle 48

by the loop-type vehicle detection section 84 or the line-type
vehicle detection section 100, the general control section 72
issues a shutter command to one of the enforcement cameras 52,
through a corresponding image memory/plate detection unit 118, to
initiate photography of the license plate by the enforcement
cameras 52. In order to ensure that the license plate of the
vehicle 48 is substantially centered on a photograph, the general
control section 72 determines which enforcement camera 52 is to
receive the shutter command, depending on the passage bosition
of the vehicle 48 to be detected by the loop-type vehicle detec-
tion section 84 -or the line-type vehidle detection section 100.
This procedure will be described in detail later.

An image obtained by the photography is stored in the
image memory of the corresponding image memory/ plate detection
unit 118. The image memory/ plate éetection unit 118 extracts
‘the image of the iicense plate of the vehicle 48 from images
stored in its image memory, and supplies the thus extracted
license plate imége via the image interface section 122 to the
corresponding iﬁage compression unit 124. The control section
120 controls the image processing (including the extraction of
the license plate image) in the image memory/ plate detection
unit 118, and repeatedly imparts shutter commands to the
specific enforcement camera 52 until a preferred license plate

image is obtained. The image memory/ plate detection unit 118
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| aw sensitivity output of the loop coil Li turns off after having been
turned on, or a case although not shown, where the low sensitivity output
of the loop coil L[err] turns on after the |ow sensitivity output of
the loop coil Li has turned on and theg after the | ow sensitivity output
of the loop coil L[err] turns off aftef the |low sensitivity output of the
coi |l 1] erag sufitibcienhedapatliyy to shosecaseplurakiteonftimagasspobdubed
vehicle 48 is as- .suned to lie on the loop coil L[err]. Thus, estinated by
the firskn yespense cteosaf sauies déf shetitey commapdsrse asnteodliewt Bon 72

as the vehicle center position is the vehicle center fosition derr]
(i ndi catRPEALL Y (¢ H@ﬁb@%ﬁf.48 coming into its visual field (camera

capture zone 500) to be photographed. The image compression
unit 124 performs data coﬁpression of the image supplied from the
corresponding image memory/ plate detection unit 118, and then
delivers the thus 6ompressed image to the general control section
72 which in turn sends the compressed iﬁage to the system central
controller 68.

The local controller- 66 further comprises an antenna
controller (ANTC) 126 for controlling the  transmission/
reception of signals by the debiting confirmation antennas 56.
The ANTC 126 communicates by radio with the IU 62 on the vehicle
48 to confirm whether or not the debiting has been positively
executed or not. In response to the result of this confirma-
tion, the general control section 72 éends necessary information
to the system central controller 68. In'case the execution of
debiting has been confirmed, for example, the license plate image
produced by the enforcement camera 52 is transferred as an evi-
dential photograph of a violation together with predetermined
data to the system central controller 68.

The local controller 66 additionally comprises a lighting
control section 128 and an environment control section 130. The
~lighting control section 128 permits the lighting units 54 to
light up the surface of the road when the illuminance on the
surface of the road goes down to a predetermined value or below,

and turns off the lighting units 54 when it goes up to the




I . anot her exanpl e, nore magnetic nmass nmay be assuned to lie between the
| oop coils L[err] and the |oop coil Li, providing that the high

sensitivity outputs of the loop coils Li and the loop coil L[err] turn
on-at the sane tinme, and furthernore that the low sensitivity output of
the loop coil L[err] Is on at the ti when

60 the |predetsiinedyvaltpubrobvehe | oDpisowill|[ensyiréaa prefietdretf

(including a case where as shown in Fig. 28, the low sensitivity
photography of the license plate irrespective of weather or the
time of day or night. The environment control section 130
detects ambient temperatures and humidities, and imparts the
results to the general control section 72. In response to the
results of detection, the genefal control section 72 controls the
components of the local controller 66 so that they function
normally and properly. Should the environmental conditions
worsen to such a degree that the components-db not work properly

f“j - or to a degree allowing the possibility of improper functioning,

the general control section 72 reports that fact to the system
central controller 68. '
(3) Summary of Debiting Precessing

Referring to Figs. 12 and 13, there are depicted a flow of
overall processing and a schematic-flow of debiting processing,
respectively, of this embodiment.

In this embodiment, as shown in Fig. 12, the system
central controller 68 first issues a toll collection start com-
mand to each of the local controllers 66 (1000). At the same
time, information required for debiting processing is also trans-
mitted from the system central controller 68 to the local con-
trollers 66. . Upon receipt of these commands and information,
the local controllers 66 carry out the debiting processing

- (1002). Each of the local controllers 66 repeats the debiting
processing_until it receives a toll collection end command from
the system central controller 68 (1004).

The debiting processing executed iﬁ each of the 1local
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output of the loop coil Li turns on after the |ow sensitivity output of
the loop coil L[err] has turned on and the |ow sensitivi- .ty output of
the loop coil L[err] turns off after the low sensitiv- ity output of the
| oep coil L[err] has turned off, or a cage where al though not shown the

| ow sensitivity output of the loop coil~"L[err] turns on after the | ow
sensiti veoytool bets 066t genévaply ofdllaferthe htlkow udepibcted ahd Fhg.| ad.
sensitivity output of the loop coil L[err] turns off after the | ow
sensitivity oimger thetgentood ebithe |ANPC|7(astherdeki bing  arrhennasr 5
anong the estimation results in the first procedure, the general control

. secti on ss¥@necfalinky TRGie| o cthe cvelhiple 4hwideh ris jushi @heul boa

whi t e di anond
, pass under the first gantry 44. As long as a normal IU 62 is

mounted on the vehicle 48 just ébout to pass under the first
gantry 44, the IU 62 performs radio transmission of predetermined
control information. The control information transmitted from
the IU 62 includes information on, for example, the type of the
vehicle, the owner, the license number, and an identification
code appropriate to the IU 62. Such information is held in the
control section 80 or alternativelf is read from the smart card
82 by means of the reader/writer 78. = The debiting antennas 50
receive the control information from the IU 62, and then transmit
the information to the general control section 72. The general
control section 72 determines the sum of the toll to be collected
using the information on the type of the vehicle out of the
control information received from the IU 62. While specifying
the IU 62 to be received in accordance with the identification
code appropriate to the IU 62 out of the received control infor-
mation, the general control section 72 +transmits the thus deter-
mined sum to the vehicle 48 side throggh the debiting antennas '
50. At that time, the general control section 72 may search a
valid list (a list of IU's which have been so0ld on the market)
and a black list (a list of habitual debiting violators, etc.) in
accordance with the identification code appropriate to the IU 62
or the like. The IU 62 records the sum of the toll to be col-

lected on the smart code 82 and it is then transmitted through

e e
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in the diagram) and (Jerr]' (indicated by a black dianond in the diagram
associated with the loop coils L[err] and L[err], re- spectively,
but instead enploys their internediate point C(ferr] (indicated by a white
triangle) as the definitely determ ned _vehicle center position. c¢) Wen a
plurality of Vehicles 48 Pass in Succes¥f on over the Sane Loop Coil 60

The abovgh@rdsieiting &ntenvas ! 80! e£60r ihdtasess vhe' eumhfayVb8i aelactddare

traveling with sufficient distances between them |In fact, however, the
vehi cl esfrony awtavedkalslé f1imbht set sbmantles snarbtecénd| 828¢d b¥Yhibkebirdogs
coils 60. In such situations, a nere ,
the debiting processing by use of the first gantry 44 to a termi-
Ination (1006). This processing ﬁust be completed at the latest
before the vehicle 48 reaches the communication zones 502 of thé
debiting confirmation antennas 56.
Subsequently, the local controller 66 detects the vehicle
48 Dby using the loop coils 60 or the line scanners 58 (1008,
1010), and then produces a static image of the 'rear (more
restrictively, a portion mounted with the rear license ' plate)
of the vehicle 48 (1012). The loop-coils 60 and the line scan-
ners 58 both being means for detecting the vehicle 48, may either
. be solely employed although the cooperation of the two will
ensure improved reliability in the vehicle detection. As an
alternative to these meahs, use may be made of, for example,
detectors utilizing the principle of triangulation.
Using the debiting.confirmation antennas 56 mounted on the
second gantry 46, the local controller 66 communicates with the
IU 62 on the vehicle 48. More specifically, the local
controller 66 requires the IU 62 to send information for the
confirmation of debiting, whereupon if normal, the IU 62 re-
spénds to this (1014). When the execution of normal debiting is
confirmed by the communication through the debiting confirmation
antennas 56, the general control section 72 transmits the fact
that the debiting has been normally executed along with the data-
compressed license plate image (1016) to the system control

controller 68. Conversely, in the case where the IU 62 makes no
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application of the above procedures nmay induce an erroneous recognition,
such as a plurality of vehicles 48 being m staken for a single vehicle 48.
For exanple, in a case where plurality

61-of vehicles 48 with insufficient Qisggnces thrumm ng pass over the |oop
coil Li i-n succession, as shown in Fig. “29, after the high sensitivity
out puf amespownsecnsi wherey cegpodlesst b bowpspoose fremr ftheadd [6n the ned
on by the vehicle 48 which has earlier
contents of the response indicate incompletion of the debiting
(e.g., when exceeding the available limit set on the master card
82), the general céntrol sectibn 72 regards the vehicle 48 mount-
ed with this IU 62 as an illegal vehicle, and transmits the data-
'compressed license plate image as the image of the illegal vehi-
cle together with the data indicating that the debiting has
resulted in an abnormal termination (1018). .
(4) Principle of Vehicle Detection with Loop Coils

As describe above, this embodiment includes the loop coils
60 and the line scanners 58 as means of thicle detection.
Description will now be given of a principle of the wvehicle
detection by means of the loop coils 60.

When a vehicle 48 travels along the road, the front of
the vehicle 48 (more concretely, a portion of the front wheel
axle océupying a relatively large part of the magnetic mass of
the vehicle 48) approaches the loop coils 60 at a certain point
in time (1008) as indicated by a solid line in Fig. 14(5). In
response to this, the inductance of the loop coil 60 varies with
the result that an output waveform of the DETC 94 rises (timing
t0 of Fig. 14 (b) to (4)). It is to be noted that for simplici-
ty of description, dissimilar to Fig. 10, a éingle comparators
is assumedly provided herein to identify the output waveform of
the DETC 94 with an output waveform of the comparator.

When the vehicle 48 advances to bring its IU 62 into the

debiting confirmation antenna communication zones 502 as indicat-

ed by ellipses in Fig. 14(a), communication with the IU 62 can
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passed thereover, the low sensitivity output may possibly turn on as a
result of the subsequent vehicle 48 while |eaving that high sensitivity
out put on, because of the failure of the loop coil 60 to followthe
repetitive presence of the vehicles 48. ét is difficult in this case to
separate the plurality of vehicles 48 3 ing only the tenporal

rel at i onséi establisbedt by wayodf theidgbibing heohfiimathent antenpnast pot. and
the on/off timng of the low sensitivity output. To cope with such
situatioﬂb?_lﬁ@ageﬁ@ﬂ§F°1é§ﬁt66Ii%%%@$on8793 efor cdebhting| confagmation .

pr ocessi ng. In the case where after bothdihe hi.gh sensitivit% out put
and theto|Be T¥neZ:ei vinyresnepse Havkhegrhbqlsgped thrgughyfhe debit-

ing confirmation antennas from the local controller 66, the IU 62
reéds the aebiting information étored in the smart card 82 by
means of the ;eadér/writer 78 and sends it through the radio
section 76 to the local controller 66. The debiting information
is received by the local controller 66 through the debiting
confirmation antennas 56. _

With further advancement of the vehicle 48, the rear of the
vehicle 48 (more concreteiy, é portion of the rear wheel axle
occupying a relatively large part of the magnetic mass of the
vehicle 48) leaves the loop coils 60 as indicated by a dotted
line in Fig. 14(a). In response to this, the output of the DETC
94 falls (1010).' In Fig. 14 (b) to (d), the fall timing is
designated by tll1l, tl12, and t13 for bus/ large-sized truck,
automobile/ small-sized truck, and motorcycle, respectively. In
synchronism with this fall timing, the general control section 72
imparts shutter comﬁands to the enforcement cameras 52 (1012).
The image memory/ plate detection unit 118 extracts license
plate images from the images photographed by the corresponding
enforcement camera 52.

When the vehicle 48 comes into the camera capture zone 500
indicated by a rectangle in Fig. 14(a) and brings the license
plate into a preferred position, the license plate image
extraction processing by the image memory/ plate detection unit

118 is completed, in response to which the photography of the
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sepsitivity output has turned off |eaving that high sensitivity output on
and then the | ow sensitivity output has turned on, the general control
section 72 conpares the tinme | apse between the |ow sensitivity output
turning on for second tine, while the high sensitivity output on is stil
on, and the |low sensitively output turning off, with the tine T | apse
bet weén lisensay raauiset | by t yse cof ptite tenfoncement cramérea f 52 stomese toaaa

after the high sensitivity output initially turning on. The
conpari ®dsesults in T > Werr] * T, the general control section 72
assunes that a couple of vehicles 48 have passed over the Ioog coil i _in
successi on arkR tithe ¢a%e PE1eERCEING cHhe \ehicle 48 with the loop coils

60, the types of vehicle can be identified by the execution of
two kihds of comparison as shown in Fig. 10. When the vehicle'
48 approaches the loop coil 60 as indicated by a solid line in
Fig. 15(a), an output waveform of the DETC 94 gradually rises as
shown in Fig. 15(b). Providing that a threshold associated with
the comparator 96 (high sensitivity threshold) is set to be
smaller than a thréshold associated with the comparator 98 (low
sensitivity threshold), an output waveform (high sensitivity
output waveform) of the comparator 96 shown in Fig. 15(c) will
rise earlier than an output waveférm (low sensitivity output
waveform) of the comparator 98 shown in Fig. 15(d). In the
process of the advancement of the vehicle 48 into a position
indicated by a broken line in Fig. 15(a), the output waveform of
the DETC 94 gradually falls as shown in Fig. 15(b). In this
process, the low sensitivity output waveform will fall earlier
than the high sensitivity output waveform.

Accordingly, the use of two kinds of fhresﬁold in this
manner will bring into existence both the high sensitivity output
waveform rising during the time tH and the low sensitivity output
waveform risin§ during the time tL (tL< tH). For the vehicle
having a smaller magnetic mass such as a motorcycle, due to
smaller variation in the inductance of the loop coil 60, the peak
of the output wave of the DETC 94 is reduced, resulting in tL=0.

In other words, no low sensitivity output waveform appears. It




was too short to follow using the output of the loop coil Li. In

62 this case, the general control section 72 assunes that after a | apse of
T/2 after the |l ow sensitivity output has turned off, the preceding vehicle
48 has passed over the |oop coil Li an%éﬂmﬂ at the sane tinme the
follow ng vehicle 48 has entered the zdne of the loop oil "Li. The vehicle
cent er pozithusm possbole ofot identify cthe WRpes qffvehicle byt eoklactivelyhe

principles_described _herei nabove, Conversely, with T < Werr]* T, the
gener al ing the high sensitivity and low sénsitivity output waveforms

in the general control section 72. The results of identification
of the tyﬁes of vehicle are used for the confirmation of debit-
ing or the specification of illegél vehicles. It is to be appre-
ciated that the present invention is not limited to the two kinds
of threshold.

As depicted in Figé. 4 and 5, a plurality of (e.g., three
or four) loop -coils 60 are provided for each of the lanes. It
is thus possible to recognizé the position and lane on which the
vehicle 48 travels by judging, in the general control section 72
the ‘loop doil 60 over which the thicle 48 has passed. Given
that the traveling vehicle 48 is a motorcycle, an output waveform
showing the presence of the vehicle 48 appears in ohly one of,
e.g., three loop coils placed for each lane. Theréfore, if one
of the Ioop-coils 60 is exclusively subjected to the variation in
output, it is detected that the motorcycle has passed over this
loop coil 60, enabling not only the position of passage but also
the type of vehicle to be recognizéd.

Also, in the case of plurality of vehicles 48 traveling side
by side, no variations in outputs will appear in the loop coils
disposed between the plurality of vehicles as long as there is
some degree of spacing between the vehicles, whereby these vehi-
cles can be distinguished from one another.

Provided that a plurality of (e.g., three) motorcycles are
traveling on the same lane, an output waveform representing the

presence of a vehicle may possibly appear in all of a plurality
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section 72 assunes that a single vehicle 48 has caused an inter- mttent
turning on of the low sensitivity output. This allows for the fact that
with large-sized vehicles such as trucks, the |ow sensitivity output nmay
turn on twice with an off state there- 3§etmeen, first by the front wheel
axl e and then by the rear wheel axle. It is to be noted that in the

case of éﬁcc95ﬁLyetaa§éagsoogf cblilge60l NR6Reved| Chehicd8thd/ dses ofsafias T
associated wt the second or later vehicles. Werr] is a value in the
order ofk2ndsi@f Ehpesh6l@r enebleagthe typdseofi vehitbdet bor bepideadtirfied,

descri bed herei nabove can be
the traveling of the plurality of motorcycles on the same lane
can be distinguished from the traveling of, e.g., a single
aufomobile which may cause an 6utput waveform representing the
presence of a vehicle in the three loop coiis 60.

In addition, the timing at which to cease photographing by '
the enforcement camera 52 is given by the completion of extrac-
tion of the 1icensé plate images by the image memory/ plate
detection unit 118, whereupon it is influenced to a lesser degree
by off time delay indicated as t in Fig. 14(b) to (d4).

For comparison, the photographing of the license plate takes
place once or a predetermined number of times in response to the
fall in the output of the loop coil 60. In such a configura-
tion, with an assumption of speed of the vehicle 48 at a certain
speed, setting must be made for both the positions of the loop
coils 60 and the angles of depression of the enforcement cameras
52 so as to ensure preferred photographing of the license plate
of the vehicle 48 traveling at the assumed speed. A speed of the
vehicle 48 remarkably higher than the assumed speed would result
in missing of preferred photographing timing due to the traveling
of the vehicle 48 during the delay time At. Values of the delay
time delta At depend on the types of vehicle.

- Such inconvenience will disappear by virtue 6f this embodi-
ment in which the commencement of photographing is given by
the fall in the output of the loop ceoil 60 and the conclusion

thereof is given by the completion of the extraction of the
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specifically inplenented by the foll ow ng processing flow. ' Referring
to Fig. 30 there is depicted an entire flow pertaining to the first
to third procedures anong the processing flows of the general control
section 72. As shown, in response to energization, etc., the general
control section 72 first executes pred%?ernined data initialization

processi ngceng80platandmagesi.Vesotel epecafidaldyl, atel kaptade ines BOO N
the formof high sensitivity outputs or |ow sensitivity outputs (2002).

I n accordﬁnthemehﬁorbemehuscamEahweﬁzdatechparé&Ed,ftbm the positions of
the loop coils 60 so as to allow for the maximum of the delay |
time At, thereby ensuring accurate photographing of the license
plates irrespective of the speeds of the vehicles 48 ranging from
0 to 120 km/hour and irrespective of the capture zones 500 of the.
enforcement cameras 52 extending four meters in the direction of
length of the road.

Further, this embodiment makes use of the results of detec-
tion by the loop coils 60, which will be described hereinafter,
to regulate the timing at which to commence photographing by the
enforcement cameras 52. Thus, regardless of the speeds of the
vehicles the license plates can be photographed at appropriate
timing.

(5) Principle of Vehicle Detection with Line Scanners

Description will be given of a principle of vehicle detec-
tion using the line scanners 58. Referring to Fig. 16, there are
depicted variations in the output of the line scanner 58 caused
by the passage of the vehicle 48 over the line 64.

As heretofore explained, the line 64 is‘photograpﬁed by
the line scanners 58, and the resultant image signals are read,
through conversion into digital data, into the image memories of
the line scanner data read sections 104. In accordance with the
data, the calibration section.108 controls the line scanner iris
control section 110 to attain the data correspondent with the
black~and-white pattern constituting the line 64. In the ab-

sence of any vehicles over the line 64, such a calibration will




63- general control section 72 carries out the vehicle center posi- tion

j udgment by use of the above first to third procedures, and based on the
results sets the contents of a conmand (a photo- graphing conmand) as to
whi ch enforcenent canera 52 is to be uspd and on how to photograph with
the sel ected canera (2004). The general control section 72 inparts the

t hus setrefisklo g"rrapﬁﬂ%gia%rﬁﬁarﬂﬁﬂkﬁﬁﬂﬁ indiig e Mhotlyr aphy section 114, and

in conformty w.th this c d and undey. t he control hlcle
photogra- phy® ‘gﬁlwwqﬁbpe‘fﬁ’&% 8 Oheop @fpﬂfﬁo’g{l 4t il

Iicense'shc:vwn in Fig. 16 (a), data are obtained correspondent with colors
of the vehicles 48. Assume first that the colors of the vehi-
cles 48 crossing the line 64 are white or other colors presenting
reflection analogous to white. If the colors of the vehicle 48
have high reflectivities in this manner, then the line scanners
58 will detect data of these vehicles 48 as the same data as the
white pattern. 1In other words, from the areas corresponding to
the vehicles 48, the line scanners 58 will receive luminance
levels approximate to the level of white. )

On the contrary, assume that the colors of the vehicles 48
crossing the line 64 are bladk or other colors presenting the
reflection analogous to black. If-the colors of-the vehicles
48 have low reflectivities in this manner, the line scanners 58
will detect data of these vehicles 48 as the same data as the
black pattern. In other words the line scanners 58 will receive
luminance levels approximate to the level of black from the areas
corresponding to the wvehicles 48

Thus, the vehicles 48 in white or other colors analogous
thereto would result in data as shown in Fig. 16(c) diagram is
wrong, whereas the vehicles 48 in black or other colors analogous
thereto would result in data as shown in Fig. 16(d). More spe-
cifically, the data for the "white" vehicles involve a distur-
bance such that portions that are originally black in the aﬁsence
of the vehicles 48 result in white, whereas the data for the

"black" vehicles involve a disturbance such that portions that
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pl ate, etc. (2006). The vehicle center position judgnent by use of
the above first to third procedures need not be executed when there is no
change in the detection data attained in the step 2002. That is, the above
first to third procedures all utilize a,fact that the high sensitivity or
the |l ow sensitivity output has turned on” (rise) or turned off (fall), and
hence™ t hargeariglingdAyr whitecin thenabgsenoepbét shet vehdcdes2d84 resuHdutin

setting any photographing commands as long as there is no change in the
detecti oRl@8ka attained in the step 2002 (2008). - On the contrary,

when there_isT gy Sggggieige ggtgg%egggggon_lcﬁ detects disturbances
involved in the data obtained, and on the basis of the results
performs detection of vehicles 48, detection of positions
thereof, and judgment of the types of the vehicle. Firstly, the
detection of the presence of disturbances iﬁ the data will enable
the passage of the vehicles 48 to be recognized. Secondly, the -
positions on the data where disturbances have occurred will
enable passage positions of the vehicles 48 to be recognized.
Thirdly, the widths of disturbances will allow the identification
of the types of vehicles. Fourthly, tracking with time of the
occurrence of disturbances will enable the passage of a_plurality
of vehicles 48 traveling in tandem to be detected individually
for each of the vehicles. Fifthly, a plurality of vehicles 48
traveling side by side can be separately detedted. The enforce-
ment cameras may receive shutter commands in response to the
detection of passage of the vehicles 48 by the vehicle detection
section 106.

Accordingly, this embodiment will ensure accurate detection
of vehicles 48 by means of'the'line scanners 58. In addition,
iris control (calibration) by the feedback of data along with the
use of the black and white pattern as thée line 64 will contribute
to preferred detection of the vehicles 48 of intermediate color,
and to resistance to variations in environment such as sunshine.

Put more clearly, suppose a single white line in place of

line 64 for the sake of comparison. In such a configuration, the
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data attained in the step 2002, the general control section 72 executes
for each of the loop coils 60 the processing utilizing the on/off timng
of its high sensitivity and |low sensitivity outputs (2010). In Fig. 30,
represented as a high sensitivity fallggrocessing is processing which is
triggered when the high sensitivity output of the | oop coil 60 has turned
of f (201pgssageppfsthecvehichesodBseviert thetyhite| 1pnecwidiinhei degestessi ng

64 which is triggered when the | ow sensitivity output has_turned off
by partial depressions in luminance O0f the signals obtained by

the line scanners 58. The depressions in luminance are however
caused by not only the bodies of the vehicles 48 but also shades
thereof. .Moreover, the manner in which the shades appear vary
depending on the position of the sun, the latitude, the season,
etc. The degree.of the depression in luminance also depends on
the color of the vehicle 48. It is therefore difficult to ensure
accurate detection of the passage of the vehicle irrespective of
the execution of calibration. It is also difficult to set a th-
reshold for use in making image signals into binary signals. The
same applies to the configuration of a single black line.

For further comparison, suppose a configuration having no
line. 1In such configuration, due to uneven reflectivity of the
surface of the road, accurate detection of the passage of the
vehicle 48 is difficult to perform irrespective of the execution
of calibration.

This embodiment eliminates the above inconveniences by the
provision of a pattern of alternate "white" having a high
reflectivity and "black" having a low reflectivity. For in-
stance, the reflectivity of the "black" paint is in the order of
10-3 that of the "white" paint, and this relationship is not
influenced by the level of sunshine or other environmental fac-
tors. Accordingly, the appropriate execution of the calibration
will ensure accurate detection of the vehicle 48 ihqependent of
variations in environmental conditions. Thus, irrespective of

outdoor use of this embodiment system, which may be subjected to
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(2014), represented as a high sensitivity rise processing is processing
which is triggered when the high sensitivity output has turned on (2016),
and represented as a |low sensitivity rise processing is processing which
is'triggered when the | ow sen- sitivity4output has turned on (2018)

Figs. 31 to 34 descrlbed bel.ow depict the contents of these hj

senS|t|vFPVeF§IFnB958 Fﬁﬁsé &AOPSI v PEFUFEEe dptectdg égﬁhﬁﬂPas’

Pt ! Vebbe B Sne YRRTEINI e 1o iinerbAtiy SEBLERL, Y HOh TiRES A T

gg?' ai ned,h BraggokAancenitkn 48NG sV ah! Fhit8RhehPakhe oRll Pithe? brldlerddPR£0! |
the vehicle can be detected as the disturbance of either white or
black.

As depicted in Figs. 6 and 7, the number of line scanners 58
to be provided in this embodiment is n + 1 for n lanes. The |
line scanners 58 are each fitted with an wide-angle lens, and
visual fields of the adjoining line scanners 58 overlap each
other. Accordingly, even in the case of a vehicle (e.g., a
-motorcycle)' having a small height traveling between vehicles
(e.g. double-decker buses) of large heights, it is possible to
distinctly identify these vehicles. Namely, no dead spots ap-
pears. In addition, the use of the wide-angle lens will minimize
the number of the line scanners 58 to be used.

(6) Details of Vehicle Detection with Loop Coils

Figs. 17 to 29 illustrate procedures of vehicle detection
processing by use of the loop éoils 60, 4in particular, of
vehicle center position judgment processing in the road crossing
direction, and Figs. 30 to 37 depict the flows of these
procedures. Implemented by the processing shown in these
diagrams-is a function to properly separate a plurality of
thicles 48 traveling side by side or to properly separate the
plurality of vehicles.48 traveling in tandem with narrow ‘
distances therebetween, as well as a function to properly detect
passage positions in the width direction of the road. Also

implemented is a measure to deal with a wider range of speeds
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a) Loop Coil Li where H gh Sensitivity Qutput Turns On and then Turns Of,
while its Low Sensitivity Qutput Remains Of First, assune that the
hi gh sensitivity output of the loop <coil L[err] has turned on at a certain
point of trne Then, the high sensitivh y fall processing shown in Fig. 33
(2016, 2020) executed. In Fig. 33, the general control section 72 first
stores t ﬁéflqerrémlﬂge am ghes apsieds, Ofy thet y@bi@rleﬁ]éa,o@%mhiq{%r r]
has turned on (2022) Thereupon thg@ggneral control .sectiagn

t enpor ar pé’°6'ftr\‘r"éﬂ11a9e h@%ﬂ%ﬁ“ﬁas
?Egelrggptqygﬂe%[]e 01‘;6,23_% l OO OI l . (Zgzﬂxotograp n%t S%n en%ris oolrceesmeOr;t
cameras 52 from the point of time of vehicle passage detected by
the loop coils 60. Furéhermore,'the utilization of low
“sensitivity and high sensitivity outputs of the loop qoils 60, as
well as the approximation to a gquadric curve, ensures accurate
execution of judgment of vehicle types and judgment of vehicle
center positions.

The vehicle center position judgment processing in this
emﬁodiment comprises procedures for judging, upon ﬁhe entry of a
vehicle 48 into the zone of the 1loop coils 60, what type the
vehicle 48 is and where the vehicle center position is (in the
direction crossing the road), the processing being generally
implemented by following three procedures. In the following
description, an i-th loop coil 6Q is'designated by Lj, and singly
hatched in the diagrams is a period of time during which only the
high sensitivity output of the loop coil is on, while doubly
hatched is a period of time during which both the high sensitivi-
ty and low sensitivity outputs thereof are on.

i. First Procedure

A first procedure includes a step of temporarily regarding
the vehicle 48 which has entered the zone of a loop coil 60 as a
motorcycle, and estimating that its vehicle center position lies
on this loop coil 60. Entrance of the vehicle 48 into the zone
of the loop coil 60 can be recognized'by the fact that the high

sensitivity output of each loop coil 60 has turned on. That

ngum
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center position the enbednent position. Assune that thereafter the
hi gh sensitivity output of the Iloop coil L[err] has ‘turned off with its
| ow sensitivity output remaining off. Then, the high sensitivity fal

processi ng as 65 shown in Fig. 31

(2012, 2028) is executed. In Fig. 31, %%e general control section 72

first stisesimhthe| fibrakhenropedurgh thengenevalycentpol secthen d@podfoithe.|

has turQEgcg{fcégggglier 66 when thé high sensitivity output has turned
on temporarily estimates that a motorcycle has entered the zone
of the loop coil 60 without conéidering whether the vehicle which
has entered the loop coil zone is actually the motorcycle or an
automobile. In the following description, the term "motorcycle"
refers to a vehicle having a narrow width not allowing outputs of
a plurality of loop coils 60 to simultaneously occur, for exam-
ple, a two-wheeled vehicle. Also, the term "automobile" refers
to a vehicle having a wide width allowing outputs of a plurality
of loop coils 60 to simultanéously occur, for example, a four-
wheeled wvehicle. |

For example, as shown in Fig. 17, assuﬁe that at substan-

tially the same time or in'rapid sequence the (i-1)th loop coil

L i-th loop coil Lj, and (i+l)th loop coil L;,.; have turned

i-1-
on. In this case, it is impossible to identify from only the
information shown, whether a single automobile spanning the loop
coils Ljy_3, Ly and Lj,q has entered the loop coil zones or three
motorcycles have separately enter the zones of the loop coils Lj_
1, Lj, and Lj,q. Thus, the general control section 72 temporari-
ly assumes that three motorcycles have individually entered the
zones of the loop coils Li.1, Ly, and Lj4q (first procedure).

At the same time, the general control section 72 estimates
that vehicle center positions of these imaginary motorcycles lie
on positions where the loop coils Lj_q, Lj, and Ly, are embed-~

ded. In other words, the general control section 72 estimates

that the vehicle center positions of the vehicles 48 which have




Ther eupon, .t he general control section 72 "waits for judgnent" of the type
of the vehicle is "maiting for judgnent" or not (2030). Since it is
"waiting for judgnment™ at this point, the action of the general control
section 72 advances fromthe step 2032 tg the  step 2034. It is judged in
the step 2034 that the type of the vehitdle is a notorcycle. In this

manner , ¢¢hs¢¢r%hephbgbdaeeséahvibn PHEPE#EnQGdthe loopArpda st kg —axedyyt.i on

of the step 2034, the flow shown in Flg 2036% i's executed. In the
f1 ow sh by 1 gtosturpiopgwili ke ¢q ﬁeadwﬁ t hWithr PR§L tiRES, Sinci-e Cash-

ahi ch has el er o0, LU 2000, 8LoL0e.L80p B9 L ShELL chaRabeen Lidded dig e

mond and a black diamond in the diagram.
ii. Second Procedure |

A second_procedure includes steps of confirming whether or
not it was correct that the vehicle was temporarily estimated to
be a motorcycle in the first procedure and judging the first
estimation is judged to have been incorrect, that the vehicle is
an automobile. More specifically, in the case for example,
where detection data as shown in Fig. 17 are obtained from each
léop coil, then the general control section 72 performs judgment

.processing for identifying whether a single automobile spanning
thé 1odp coils Li_i, Li;'and Lj+1 has entered tﬁe loop coil zones
or three motorcycles have individually entered the zones of the
loop coils Lj_j, Lj, and Lj,,. For this judgment, use is made of
the low sensitivity output of each loop coil 60.

The low sensitivity oﬁtput of the loop coil 60 is
permitted to turn on only when the magnetic mass of the wvehicle
passing over the loop coil 60 is sufficiehtly- large, but
remains off when it is small. Accordingly, in general, if the
vehicle passing over the loop coil 60 is an automobile, the low
sensitivity output of the loop coil 60 turns on, but remains
off if it is a motorcycle. Thus, if the low sensitivity output
of +the loop coil L; has turned on as shown in Fig. 18, then
the general control section 72 judges that an automobile has

passed over the loop coil L;. On the contrary, providing that
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(2038). Since it has been judged at this point to be "a nmotor- cycle” in
t he preceding step 2034, the action of the general control section 72
advances fromthe step 2038 to step 2040. In the step 2040 a di stance
between the |l oop coil Li and the vehicle center of the vehicle closest to
that loop coil Li is found. The vehick8 center used here refers to the

veni ol cHErpEn REaA Bty QERUE NS PrlFalD 0t YR khecToll [oBs

vehicl e poSi - een stored whose typé has been

j udged %g'bﬁﬁméfanéonabfleas shody| figdrigat1dhe thes §enedadi stcontedls
|l ess than the reference distance (Jerr] 20425, then the general con-

trol segébeford 272S$udEsst bRt the ¥ebofidBilé hayi pgsséd oeberethe loop

coil L.
iii. Third Procedure

Through the execution of the first and second procedures,
(1) the positiohs of the loop coils 60 whose high sensitivity
outputs have turned on are estimated to coincide with the vehicle
center positions of the vehicles 48 which have entered the zone
of the loop coil 60, (2) a judgment is made that an automobile
has entered zones of the loop coils 60 whose high sensitivity and
low sensitivity outputs have both turned on, and (3) a judgment
is made that motorcycles have entered the zones of the loop coils
60 of which high sensitivity outputs have turned on with the low
sensitivity outputs remaining off. However, these are insuffi-
cient for the judgment of the types of vehicle and vehicle center
positions.

First, upon estimation that two loop coils 60 adjacent or in
close proximity to each other both have their high sensitivity
outputs are both on, suppose that the low sensitivity output of
a first loop coil 60 thereof remains off but the low sensitivity
output of a second loop coil 60 is on. The first loob coil 60
may have caught the entrance that the same automobile és entered
the zone of the second loop coil 60, or otherwise it may have
caught the entrance of quite a different vehicle 48 from that
automobile. Therefore, for the first loop coil 60, inaccuracy

' will remain as long as the estimated result in the first proce-
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vehicle center as its vehicle center is the very sane as the vehicle 48
whi ch has passed over the loop coil P[err]. Thus, the

66 vehicle center positions stored in relation to the loop coil Li in the
step 2026, and the vehicle type judgnent results ob- tained in the step
2034 (2044) are deleted fromthe storage48ata. Providing that the :
cal cul at etbxi sismaizkained, thamely orthecestinabibor G35ddt that mhsogeyeilel
control section 72 omts the step 2044. The procedure exenplarily shown
in Figs. has gRrtenged the zone of this loop coil 60.

Second, upon the estimation that three loop coils 60 adja-~
cent or in close proximity to each other all have their high
sensitivity outputs on, suppose that the low sensitivity output
of at least a.firstlloop coil 60 is on. The vehicle 48 caught by
the first loop coil 60 is an automobile (or'has at least a high
probability of being an automobile) as has been judged by the
second procedure. Accordingly, the fact the high sensitivity
outputs (as well as the low sensitivity outputs, as the case may
be) of the second and third loop coils adjacent or in close
proximity to the first loop coil are both on may largely arise
from the vehicle 48 caught by the first coil 60. Thus, decision
'should be made of the vehicle center position caught by the first
loop coil 60, in view of not only the position where the first
loop coil 60 is embedded but also the positions where the second
and third loop coils 60 are embedded. 1In Sther words, merely
defining the position estimated by the first procedure as the
vehicle center position of the vehicle 48 caught by the first
loop coil 60 will still allow inaccuracy. In addition, allowance
must be made for a possibility that the vehicle which has caused
the high sensitivity and low sénsitivity outputs of the second
and third loop coils 60 to turn on may not coincide with the
vehicle 48 caught by the first loop coil 60.

Thus, in order to find a true vehicle center position, the

general control section 72 executes a third procedure including

the following contents, using the results of the first and

REPLAf5MEﬁlg ?g&)g‘r ;

| ]
o
—
(0]




Is inplemented in this manner. After the execution of the step 2042
(and 2044), the action returns to the flow shown in Fig. 31 to execute the
processing for definitely determning the vehicle center positions
(2046). More specifically, the above au% nobil e center (when it is
obtained in step 2042 the judgnent resu that it is less than the

r ef er énceedosdanproGedueesor whitdevebiiobge qeatiedc posirtvieon appmocsdiniation,
relation to the loop coil L[err] in step 2026 (when it is obtained in step
2042 theet@dgndfitneedadts that it ex- ceeds the reference distance (err]

Is definitely determned as, the vehicle center pqgsition of the vehicle 48
whi ch hag)en¥g¢gd3udged to be Motorcycle by Second Procedure

Consideration will be first given to the loop coil 60 whose
low sensitivity output has not turned on before its high sen-
sitivity output turns off after been having turned on. For such
type of loop coils 60, it may be construed that it has caught
the automobile caught by the other loop coils 60 or that it has
caught a vehicle 48 (e.g., a motorcycle) which has not been
caught by the other loop coils 60. This embodiment rigidly
distinguishes both cases by a distance judgment. As depicted in
Figs. 20 and 21, assume that the low sensitivity output of the
loop coil L; has not turned on before its high sensitivity output
turns off after having been turned oh. In other words, suppose
it has not yet been judged that the vehicle 48 lying on the loop
coil Lj is an automobile before its high sensitivity output turns
off. In this instance, at the time when the high sensitivity
output of the loop coil Lj has turned off, the general control
sgction 72 compares a distance between the 1loop coil L; and
the othe; loop coil 60 closest to the loop coil Ljj; among
the loop coils 60 for which judgment was made that an automobile
has passed thereover in the second procedure with a predeter-
mined reference distance Cgj3o- With this distance less than
the reference distance Cgjgq, both the loop coils could be as-
sumed to have caught the same vehicle 48 (the same automobile in
this case). On the contrary, with this distance éxceeding the

reference distance Cgj4e. both the loop coils could be assumed to




the zone of the loop coil L[err] ). Afterwards, in accordance wwth the

t hus established vehicle center position the general control section 72
sets the contents of the photographing command to be inparted to the
vehi cl e photography section 114 in thegptep 2006 (2048). Nanely, the
general control section 72 specifies a single or a plurality of

enf or cehewe daddvidusllyscaughtodidfeeat vehpndesgh8ph the |icense plate
of the vehicle 48 having the established vehicle center position as its
vehi cl e cent AFsyBei,- foropxampde;f thgs¥phprengendigtance Camgend St oset

controlling the depression thereof.
at g distanc% ?,% times the loop coil embedment intervals. As

depicted in Fig. 20, suppose that the other loop coil 60 closest
to the loop coil Li;.among the loop coils 60 for which judgment
was made that an automobile has passed thereover in the second
procedure is a loop coil Lj_» having a distance twice the loop
coil embedment intervals relative to the loop coil L;. Since in
this case the loop coil Lj is far apart from the loop coil Lj_,,
the vehicle 48 which has paésed over the loop coil L; is suppos-
edly different from the vehicle 48 which has passed over the loop
coil Lij_o. The general control sectioﬂ'72 detects this fact
from the comparison of the reference distance Cgige With the
distance between the loop coil L; and the loop coil Lj_5. In
accordance with this detection, the general control section 72
judges that the vehicle 48 which has passed over the loop coil Lj
is distinctly different from the vehicle 48 which has passed over
the loop coil Lj._, and that the vehicle center position of the
vehicle 48 which has passed over the loop coil L; lies on the
loop coil L; 60 as indicated by a white diamond and Cj., in the .
diagram. Since the vehicle 48 which has passed over the loop
coil Lj is judged to be a motorcycle in the second procedure,
this will define the type and vehicle center position of the
vehicle 48 which has passéd over the loop coil L;.

As depicted in Fig. 21,-suppose that the other loop coil
60 closest to the loop coil V; among the loop coils 60 for

which judgment was made that an automobile has passed thereover
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67.b) Loop Coil L[err] whose ngh Sen5|t|V|ty Cutput Turns On and whose
Low Sensitivity Qutput thereafter Turns On/Of Only One Tine Before its
High Sensitivity Qutput Turns Of - Consi deration will now be given to
a ecase where the high sensitivity outpgp of the loop coil L[err] turns on
and thereafter its low sensitivity output turns on and off only one tine
before 1idre thgrsemdtpmd:qdmnepm a ulowmp ctdil L_.j_nltlimvsingaae distante

ti me when the hi'gh sen5|t|V|t¥ out put turns on, the hlg
equal to the loop coil embedment intervals relative to the loop

.coil Lj. Since in this case the loop coil Ly is sufficiently

close to the loop coil Lj_j;, the vehicle 48 which has passed
‘over the loop coil L; is assumed to be the very same és the
vehicle 48 which has passed over the loop coil Lj_;. The gener-
al control section 72 detects this fact from thé comparison of
the reference distance Cgjyge With the distance befween the loop
coil Ly and the loop coil Lj_3;. In accordance with this detec-
tion, the general control section 72'judges that the vehicle 48
which has passed over the loop coil L; is the very same as the
vehicle 48 which has passed over the loop coil L;_; and that the
vehicle center position of the vehicle 48 which has passed over
the loop coil L; assumedly lies on the loop coil Lj_, 60 as
indicated by a black diamond and Cj,_ in the diagram, ‘but on the
position indicated by a white diamond and C;, in the diagram.
From this judgment result both the vehicle center position esti-
mation result in the first procedure and the vehicle type judg-
‘ment result in the second procedure are canceled for the vehicle
48 which has passed over the loop coil Lj.

Regarding the vehicle 48 which has passed over the loop
coil Lj_, in the example of Fig. 20 and the vehicle 48 which has
passed over the loop coil L;_; in the example of Fig. 21 the
judgment result that "the type of the vehicle is an automobile"
obtained by the second procedure is established. However, its
véhicle center position remains unestablished due to the

necessity of taking into consideration both the manner of outputs
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sensitivity rise processing is executed (2016, 2020). Thus, the type of
the vehicle is set to "waiting for judgnment"” (2024), and the position at
which the loop coil L[err] is enbedded (2026) is stored as a tenporary
vehi cl e center position. .Thereafter, gshen the |ow sensitivity output
turns on, the low sensitivity rise processing is executed (2018). At
t he ti nmeofihthet heopoeoddasb0i adijgcentptic or ttheclosp paokimiftyr o tulvens on

(2018, 2050), the low sensitivity delag time as shown in Fig. 34, i.e.,
time T 1eRRncedl Ejesl 8% §Baslieppicpisdulpuy 884 thenpessibidd thdhatgithe

sensitivity, outpuf-has turned on (2052, see Fig. 29) is calculated._in
K%@%% B_Y €aus thetow sensitivity outputs of a plurality
r har GehBRa

princi pl €&

of loop coils 60 to simultaneously be on. Processing for
definitely deciding this will become apparent from the following
description.
b) When Judged to be Automobile by Second Procedure

With regard to the loop coil 60 whose low sensitivity output
has turned on before its high sensitivity output.has turned off
aftér having been turned on, judgment is made that "the type of
the vehicle 48 which has passed thereover is an automobile" by
the second procedure. Also, for the other loop coils 60 having
distances less than the reference distance Cgjge relative to such
a loop coil 60, and whose high sensitivity outputs have turned
on, both the wvehicle center estimation result in the first proce-
dure and the vehicle type judgment result are canceled by the
step a) of the third procedure. Thus, as to the loop coil 60
low sensitivity output has turned on before its high sensitivity
output has turned off after having been turned on, there is a
need to establish the wvehicle center position of the vehicle 48
which has passed thereover, taking into consideration the embed-
ment positions of the other loop coils'having distances less than
the reference distance Cgide relative to such a loop coil 60
and whose high sensitivity outputs have turned on.

For this reason, at the time when the low sensitivity output
has turned off, the general control section 72 corrects the

vehicle center positioh estimated by the first procedure. The
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cont r ol

section 72 stores the tinme when the |low sensitivity output has

turned on (2054), judges that the vehicle 48 which has entered the zone of
the loop coil Li is an autonobile (2056), and in principle returns to the
flow of Fig. 30. The second procedure xenplarily shown in Fig. 18, etc is

I mpl e-

mented in this manner. : #eafter when the |ow sensitivity

out put ototirecitdop couprispsrmhetswnp @Efu@2@@4qu2@5€p cunve iappraxinaT ed
as shown in

tion. This will ensure that the general control section 72 is
capable of more accurately finding the vehicle center position'of
the autogobile which is passing over the loop coil 60 whose low
sensitivify.oqtput hes turned on before its high sensitivity
output turns off after having been turned on. It is to be
appreciated that in definitely determining the vehicle center
position by such techniques allowance must be made for the se-
quence in which the high sensitivity outputs of the loop coils 60
have turned on.

bl) Case in which the high sensitivity output of the loop coil
Ly ‘turns on earlier than the high sensitivity outputs of the
loop coils L;_j; and Lj,q:

In general, the center of the vehicle 48 has the most
magnetic mass distributed therearound. Accordingly, the high
sensitivity output of the loop coil 60 whose embedment position
is closer to the vehicle center position turns on previous to
that of the lobp coil whose embedment position is farther from
the vehicle center position. For this reason, the high sensitiv-
ity output of the loop.coil 60 over which a vehicle 48 has passed
the type of which type has been judged to be'an automobile by the
second procedure furns on earlier than the high sensitivity
outputs of the loop coils 60 which have caught the same vehicle
48 among the loop coils 60 adjacent to or in proximiéy thereto.
It is therefore typically envisaged that the high sensitivity out-
puts turn on in the sequence as shown 1n Fig. 22.

As is clear from this diagram, the high sensitivity output

REPLACEMENT SHEET




68-Fi g.
vehi cl e
- judged t
gener al
2064 whe
hi gh sen
turns on
IS consi
the firs

32 (2060), and it is then judged whether or not the type of the
has been judged to be an autonobile (2062). Since it has been

o be an autonobile in the preceding step 2056, the action of the
control section 72 advances to tep 2064. It is judged in step
ther or not this | ow sensitivi?? fall is the first fall after the

it ikt Yoopi 884 1SLCovieer Ghithesavhd cikedd haes Ipussernsitie Viype
and off only oncé after the high sensitivity output has turned on
dfr etiichhhasl beesejaiiged ttp bal kn autotgdd le bysttihe Zehnd tprdome-
t fall after the high sensitivity rise. Wth such
dure is on previous to the high sensitivity output of the loop
coils Ly_1 and Ly, embedded on both sides of the loop coil Ly.
In this case, the general control section 72 applies to a quadric
curve the time when the outputs of the three loop coils Lj_3, Lj,
and Lj,; have turned on (quadric curve approximation). The
resultant quadric curve represents a distribution of the magnetic
mass in the vehicle 48 which is passing over the three loop coils
Ly.1, bj, and Lj 9. Thus, a peak of the quadric curve (a point

where tangential direction of the quadric curve coincides with

the road crossing direétion, which is designated by a white

‘diamond in the diagram) can be regarded as a position where the

most magnetic mass is commonly distributed, that is, a vehicle
center position. Then, in accordance with the result of the
quadric curve approximation, the general control section 72
corrects the vehicle center position C;, estimated by the first
procedure. That is, the thus obtained quadric curve peak is
employed as an established vehicle center position C;,, closer to
the true value.

A mere application of this quadric curve approximation
wiil be prohibited in the case where both the low sensitivity and
high sensitivity outputs have turned off while leaving either or
both of the high sensitivity outputs of the loop coils L;_j; and
Lis1 off. To compensate for this, the genefal control section 72
executes the following processing.

As shown in Fig. 23, assume first that both the low sen-
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result of judgnent, step 2066 is executed, whereupon the action of the
general control section 72 advances to the flow shown in Fig. 35.

Since it has been judged to be an autonobile in the preced- ing step 2056,
the action of the general control sectig% 72 advances from step 2038 shown
in Fig. 35 to the steps 2068 and 2070. “I'n step 2068 i s judged whether the
hi gh sensitivity snfiphighotenkdétigdpycouitputer hpveatutrmededfth wedstt | er t han
that of the loop coil L[err] , and in the step 2070 it is judged whet her
or not t&détharghofenthei vhighousgosisiviky | oufpussl bif hiabe ool aolls

“earlier than that_of the loop coil L[err]
Ly_3 and Lj,.q (of Lj,; in the diagram) remaining off.

In this case, among three different times +to be originally
applied to the quadric curve approximation, it is difficult to
obtain the time when the high sensitivity output of <the loop
coil Lj,;  has turned on. Therefore, the general control
section 62 applies to the quadric curve approximation as an
alternative, the time (indicated by white triangle in the
diagram) midway between the time when the low sensitivity output
of the loop coil L; has turned on and the time when it has turned
off. In other words, a value obfained by adding T/2 (T: the time
taken by the time when the low sensitivity'output of the loop
coil'Li tufns off after having turned on) to the time when fhe
low sensitivity output of the loop coil Ly has turned on is used
in the quadric curve approximation. The geﬁeral control section
72 executeé the same processing as above inlthe case of the
absence of either of the loop coils Li-i and Lj,q, (for example,
when the loop coil Lj is a loop coil 60 located at the edge of
the road).

As seen in Fig. 24, assume that the low sensitivity and
high sensitivity outputs of the loop coil L; have turned off
with the outputs of the loop coils L;_.; and L;,.q, remaining off.
In this case, without performing the quadric curve approximation,
the general control section 72 establishes the vehicle center
position Cj, (indicated by white diamond in Fig. 24) estimated by

the first procedure intact as the vehicle center position Cjj,.
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bl x Case in which the high sensitivity output of the loop coil Li turns on
earlier than the high sensitivity outputs of the |l|oop coils L[err] and
L[ err] The situation will be assuned to be as shown in any one of

Figs. 22 to'24 in the case where the higz sensitivity output of the |oop
coil L[err] has been judged to have turined on earlier than
69 the b seasetini whicht phéshbfht senkdopvity| eutpatr pfaed thieer rthe leawp
this reason, the general control section 72 executes a quad-
coil Ly_41 or Lj,q turns on earlier than or simultaneously with
the time when the'high sensitivity output of the loop coil Lj
turns on:

_ As stated in thé above bl), the high sensitivity output of
the loop coil 60 whose embedment position is closer to the vehi-
cle center position generally turns on before that of the loop
coil 60 whose embedment position is farther from the vehicle
center position. Depending on the shapes or the widths of the
vehicles 48, however, the high sensitivity output of the loop
coil 60 whose'embedment position is farther from the wvehicle
center position may possibly turn on earlier than or simultane-
ously with that of the loop coil 60 whose embedment position is

' closer to the vehicle center position. To deal with such situa-
tions, the general control section 72 executes the following
processing.

First, as shown in Figs. 25 and 26, envisage a case where
either one of the high sensitivity outputs of the 1loop coils
Li.qy @and Lj,.q (Lj_q in the diagram) has turned on before the
hiéh sensitivity output of the loop coil L; turns on. 'More
magnetic mass of the vehicle 48 may be éssumed to lie on the
loop coil Lj, provided that the low sensitivitf output of <the
loop coil Lj_; is off when the low sensifivity output of the
loop coil Li has turned off (for example, a case where as shown
in Fig. 25,  the 1low _sensitivity output of the 1loop coil

L;j.1 remains off till the time when the low sensitivity output of

the loop coil Ly turns off after having been turned on, or a case




ric curve approximation depicted in Fig. 37 (2072), deletes data stored as
the vehicle center position in step 2026 (2074), and stores a quadric
curve peak found by the quadric curve approxinma- tion as the vehicle
center position of the vehicle 48 mhicq% as entered the zone of the |oop-
coil Li (2076). In the flow depicted in Fig. 37, the quadric curve
appr oxi nters dlsthoggle meot eshavwn f otheviow séﬁsitsivirdgedutput hof theoloop
whet her or not the high sensitivity outputs of the loop coils L[err] and
L[err] adlorbj2078urgs®n after tthe ckowe sensktintty oybpetneft thet Joop
outputs of the loop coils_L[err]_and L[err] both turn on after the turning
on of tkeiHk dh m,ﬁqmqq, qﬂ,tw the low sensitivity output of the loop

coil L; turns off after the low sensitivity output of the loop
coil Lj_q has turned off). In consequence, the vehiéle center
position C;, (indicated by a white diamond in the diagram) esti-
mated by the first procedure is definitely determined as the
vehicle center position by the general control section 72.
Conversely, more magnetic mass of the vehicle 48 may be as-

sumed to lie on the loop coil Lj_,, provided that the low sen-
sitivity output of the loop coil 'Ly_; is on when the low sen-
sitivity output of the loop coil Ly has turned off (for example,
a case where as shown in Fig. 26, the low seqsitivity output of
the loop coil L; turns on after the low sensitivity output_of the
loop cbil Lifl has turned on and furthermore the low sensitivity

' output of the loop coil L;_; turns off after the low sensitivity
output has turned off, or a case where although not shown, the
low sensitivity output of the loop coil Lj_; turns on_after the
low sensitivity output of the loop coil Lj has turned on and then
the %ow sensitivity output of the loop coil Ly_q1 turns off after
the low sensitivity output of the loop coil Li has turned off).

| It is appropriate in this case that the vehicle center position
is understood to lie on the loop coil L;_;, not on the loop coil
L;. Thus, from among the estimation results in the first proce-
dure, the general control section 72 cancels the vehicle center
position C;, (indicated by a white diamond in the diagram) asso-

cigted with the loop coil L;, but instead employs the estimation
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the loop coil L[err] (see Fig. 22), the tinme |apse fromthe high
sensitivity outputs of the loop coils L[err] and L[err] turning on after
the high sensitivity output of the loop coil L[err] has turned on (2082,
2084) is respectively calcul ated. Together with the tine (= 0) when the
hi gh sensitivity output of the | oop coi I’ has turned on, the resultant

times ‘ar gediullt tbdorid WAL CtIRX -Lodl /Sl PIL( 20868 , tiheddéfibni Bepgak of
t he quadratic expression is found (2088). n the case where after
t he hi gh demesintiined weduitqlie centidre pdsiaplomi | Li has turned on, only one of
the high sensitivity outputs of the loop coils L[err] and L[err] turns on
wi th the ot heFurther, envisage a case where either one of the high sen-
sitivit& outputs of the loop coils Lj_; and Lj,; turns on simul-
taneously with the high sensitivity output of the loop coil L.
For example, assuming that the high sensitivity outputs of the
loop coils L; and L;j_3; turns on at the same time, and |
that the low sensitivity output of the loop coil Lj;_4 remains off
at the time when the low sensitivity output of the loop coil Ly
has turned off (including a case where as shown in Fig. 27, the
low sensitivity output of the loop coil Ly_1 remains off till the
low sensitivity output of the loop coil L; turns off after having
been turned on, or a case although not shown, where the low
sensitivity output of the 1loop coil Lj_, turns on after the
low sensitivity output of the loop coil Lj has turned on and
thereafter the low éensitivity output of the loop coil L; turns
off after the low sensitivity output of the coil L;_; has turned
off). In this case, more magnetic mass of the vehicle 48 is as-
sumed to lie on the loop'coil L;. Thus, estimated by the first
. procedure is finally defined by the general contfol section 72 as
the vehicle center position is the vehicle center position Cin
(indicated by in the diagram).
In another example, more magnetic mass may be assuﬁed to 1lie
between the loop coils Li-l and the loop coil L;, providing that
the high sepsitivity outputs of the loop coils L; and the loop

coil Lj_, turn on at the same time, and furthermore that the low

sensitivity output of the loop coil Lj_, is on at the time when
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remai ning of f (including the case of absence of the other loop <coil in
question), half of the tinme |apse fromthe |ow sensitivi- ty output of the
| oop coil Li turns off after its turning on

70 (2090, 2092), and the result is applied to the quadratic expres-
si on. I n consequence, it is possible %9 cope with the situa- tions
depi ct’ed tihie Riogs se2@®idnididy outjt & ehen v cadie Iy dasctisrnedi off
out put of the | oop coi
-~ (including a case where as shown in Fig. 28, the low sensitivity
output of the loop coil L; turns on after the low sensitivity
output of the loop coil Lj_; has turned on and the loﬁ gensitivi-
.ty output of the 1oo§ coil Lj_3 turns off after the low sensitiv-
ity output of the loop coil L; has turned off, or a case where
although not shown the low sensitivity output of the loop coil
Lj_7 turns on after the low sensitivity output of the loop coil
L; has turned on and the low sensitivity output of the loop coil
Ly.1 turns off after the low sensitivity output of the loop coil
Lj has turned off). Thus, from among the estimation results in
the first procedure, the general control section 72 cancels the
vehicle center positions Cj,_;' (indicated by a white diamond
in the diagram) and Ci,' (indicated by a black diamond in the
diagram) associated with the loop coils L;_1 and Ly, re-
spectively, but instead employs their intermediate point C;,
(indicated by a white triangle) as the definitely determined
vehicle center position.
c) When a plurality of Vehicles 48 Pass in Succession over the
Same Loop Coil 60
The above procedures are available for the case where the
vehicles 48 are traveling with sufficient distances between them.
In fact, however, the vehicles may not have sufficient distances
to be followed by the loop coils 60. In such situations, a mere
application of the above procedures may induce an erroneous

recognition, such as a plurality of vehicles 48 being mistaken

for a single vehicle 48. For example, in a case where plurality




L[err] turns on later than or sinultaneously with that of the | oop Coi
Llerr] : The situation will be assuned to be as shown in any one of
Figs. 25 to 28 when the high sensitivity output of the loop coil L[err]
has been judged to have turned on later than or simultaneously wth that

of the Ioop coil L[err] in step 2068. 6dr this reason, the general
control gecybRiicIéseus! wais iWaRiFtacientnal sitlafcese MnFhmnaNy PadiP DvdOn
stored in connection with the loop coil Li in the step 2026 can be treated

as a vehtheeloept eoipokit iansuetessdonchiasl ehéSmMinCFigas 290t eifadrt thezone

of the loop coil L[err] (possibility exam nation of the vehicle center;

2094). high sensitivity output and low sensitivity output of the loop
coil L; have been turned on by the vehicle 48 which has earlier
passed thefeover, the low sensitivity output may possibly turn on
as a result of the subsequent vehicle 48 while leaving that high
sensitivity output on, because of the failure of the loop coil 60
to follow the repetitive presence of the vehicles 48. It is
difficult in this case to separate the plurality of vehicles 48
using only the temporal relationships between the on/off timing
of the high sensitivity output and the on/off timing of the low
sensitivity output. To cope with such situations, the general
control section 72 executes the following processing.

In the case where after both the high sensitivity output
and the 1low sensitivity outﬁut have turned on, the  low
sensitivity output hés turned off leaving that high sensitivity
output on and then the low sensitivity output has turned on, the
general control section 72 compares the time lapse between the
low sensitivity output turning on for second time, while the high
sensitivity output on is still on, and the low sensitively output
turning off, with the time T' lapse between the low sensitivity
output turning on for thé first time, and after the high
sensitivity output initially turning on. |

The comparison results in T > Wy * T', the general control
section 72 assumes that é couple of vehicles 48 have passed over

the loop coil ; in succession and that the distance therebetween

was too short to follow using the output of the loop coil Lj. In




The processing of step 2094 is inplenented by invoking the flow depicted

in Fig. 36 wwth the setting of x =i - 1. In the shown flow, it is first
j udged whether a judgnent result that the type of the vehicle associated
wi'th the loop coil L[err] (L[err] in ghis case) is an autonobile (2096)

has al ready been.obtained. If it is judged that the judgnent result that

t he typthbé thseyekhe geheradsecontired sedtibine 720agstmes Hhatr afitema

aut onobi | e has not yet been obtained, then the situation can be regarded
as one bapse of nTERgafzerothe7 1ovh@engidivitye oudpusnhes tterngshaffi, the

control section 72 imedi ately advances to the step 2098 of Fig. 35. It
i s j udgerecpding vebpcieod8 hagheassedroverh&bri dpopeFeidi Jit pnd that at

the same time the following vehicle 48 has entered the zone of
the loop oil Lj. The vehicle center positibn of each of the
vehicles 48 is definitely determined by the principles described
hereinabove. Conversely, with T < Wt_* T', the general control
section 72 assumes that a single vehicle 48 has caused an inter-
mittent tﬁrning on of the low sensitivity output. This éllows
for the.fact that with largé—sized vehicles such as trucks, the
low sensitivity output may turn on twice with an off state there-
between,'first by the front wheel axle and then by the rear wheel
axle.

It is fo be noted that in the case of successive  passage
of three or more vehicles 48, T/2 is used as T' associated with
the second or later vehicles. Wy is a value in the order of 2.
iv. Flow of Processing

The first to third procedures described hereinabove can be
specifically implemented by the following processing flow.

Referring to Fig. 30 there is depicted an entire flow
pertaining to the first to third procedures among the
processing flows of the general control section 72. As shown,
in response to energization, etc., the general control section 72
first executes predetermined data initialization‘processing_
(2000), and receives detection data from the loop coils 60 in the
forﬁ of high sensitivity outputs or low sensitivity outputs

(2002). In accordance with the thus attained detection data, the




out.put of the loop coil L[err] has turned on earlier than the high

71

sensitivity output of the loop coil L[err] does. If it is judged to

have turned on earlier, the general control section assunmes that "the
vehi cl e center position stored in relatigg to the loop coil L[err] in the
n

step 2026 can be treated as the vehicle

ter of. the vehicle 48 which has

ent er ed igehezmie cuntirel |sEaptian | 72idarries dut ntjse tehiocke seestervpogifal
processing to a termnation.

tion judgment by use of the above first to third procedures, and
based on the results sets the contents of a command (a photo-
graphing command) as to which enforcement camera 52 is to be used
and on how to photograph with the selected camera (2004). The
general contiql section 72 imparts the thus set phofographing
command to the vehicle photography section 114, and in conformity
with this command and under the control of the vehicle photogra-
phy section 114 the enforcement camera 52 photographs the 1icens§
plate, etc. (2006). |

The vehicle center position judgment by use of the above
first td third procedures need not be executed when theré is no
change in the detection data attained in the step 2002. That is,
the above first to third procedures all utilize a facf that the
high sensitivity or the low sensitivity output has turned on
(rise) or turned off (fall), and hence the general control séc-
tion 72 completes the step 2004 without setting any photographing
commands as long as there is no change in the detection data
attained in the step 2002 (2008).

On the contrary, when there is any change in the detection
data attained in the step 2002, the general control section 72
executes for each of the loop coils 60 the processing utilizing
the on/off timing of its high_sensitivity and low sensitivity
outputs (2010). In Fig. 30, represented as a high sensitivity
fall processing is processing which is triggered when the high
sensitivity output of the loop coil 60 has turned off (2012),

represented as a low sensitivity fall processing is prpcessing




As-a result of this, it is possible to deal with the situations shown in
Figs. 25 and 27. If it is judged, in step 2096 of Fig. 36, that the
judgment result that the type of the vehicle associated with the | oop
coil Lx is an autonobile has been obtained, the situation can be regarded
as one shown in Fig. 26 or 28. Thered%%n, the general control section 72
j udges wihdiched sortmigigeirtes] whEn sthesi Xow i sgnsbtd yplty obutpet | bap terhedi ofifis
turned on simltaneously with the high sensitivity output of the |oop coi
Llerr] (2034), represqrtegh)as a high fsengijeivity belsetpreopessingols, it is
" conceivable that the high sensitivity output of the |oop coil HLerr] has
t ur ned PFocgssing which 1s triggered ‘when the high sensitivity output
' has turned on (2016), and represented as a low sensitivity rise
processing is processing which is triggered when the low sen-
sitivity output has turned on (2018).

Figs. 31 to 34 described below depict the contents of
these high sensitivity fall processing, low sensitivity fall
processing, high sensitivity rise processing, and low
sensitivity rise processing. To facilitate the understanding,
flows shown in Figs. 31 to 34 will be explained in accordance
with the variations in the output of the loop coil 60.

a) Loop Coil L; where High Sensitivity Output Turns On and then
Turns Off, while its Low Sensitivity Output Remains Off

First, assume that the high sensitivity output of the loop
coil L; has turned on at a certain point of time. Then, the
high sensitivity fall processing shown in Fig. 33 (2016, 2020) is
executed. In Fig. 33, the general control section 72 first
stores the time when the high sensitivity output of the loop coil
L; has turned on (2022). Thereupon, the general control section
72 is temporarily "waiting for judgment" of the type of vehicle
48 which has entered the zone of the loop coil Lj (2024), and
estimates and stores of the loop coil L (2026) as the vehicle
center position the embedment position.

' Assume that thereafter the high sensitivity output of the
loop coil L; has turned off with its low sensitivity output

remaining off. Then, the high sensitivity fall processing as




than the high sensitivity output of the loop coil Lx (see Fig. 26).
Thereupon, the general control section 72 assumes that "the vehicle center
position stored in connection with the loop coil Li in step 2026 is not to
be'treated as the vehicle center position of the vehicle 48 which has
entered the zone of the loop coil Li", and deletes the vehicle center

posi ti orshawn ekh ifigy e3ht (20120 2028)0dp esecutedin TheFigep3202&herom t he
storage data (step 2102) Conver sel | udged to have turned on
Sl LaaeRATYE (@OREER] gheotjon: REnFLRELoERErar EBA FoRCuBePORhAIRIEBes

that "the
sensitivity output of the loop coil L has turned off (2030).

Thereupon, the general control section 72 "waits for judgment" of
the type of the vehicle is "waiting for judgment“ or not (2030).
Since it is "waiting for judgment” at this point, the action of
the general control section 72 advances from the step 2032 to the
step 2034. It is judged in the step 2034 that the type of the
vehicle is a motorcycle. In this manner, the first procedure can
be implemented.

After the execution of the step 2034, the flow shown in Fig.
35 (2036) is executed. In the flow shown in Fig. 35, it is
first judged whether or not the vehicle 48 which has entered the
zone of the loop coil L; has been judged to be an automobile
(2038). Since it has been judged at this point to be "a motor-
cycle" in the preceding sﬁep 2034, the action of the general
confrol section 72 advances from the step 2038 to step 2040. In
the step 2040 a distance between the loop coil Lj and the vehicle
center of the vehicle closest to that loop coil Lj is found. The
vehicle center used here refers to the vehicle center position of
the vehicle 48 among the vehicles 48 whose vehicle center posi-
tions have been hitherto stored whose type has been judged to be
an automobile. 'Provided that the thus found distance is less
than the reference distance Cside (2042), then the general con-
trol section 72 assumes that "the vehicle 48 having the above
vehicle center as.its vehicle center is the very: same as the

vehicle 48 which has passed over the loop coil P;. Thus, the
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72 vehicle center position stored in connection with the loop coils L[err]
and L[err] in step 2026 is not to be treated as a vehicle center position
of the vehicle 48 which has entered the zones of the loop coils L[err] and
L[err]", and deletes the vehicle center pogsition stored with respect to
the loop coils L[err] and L[err] in step %026 from the storage data (step

2104) .

Aviedrictllee cerdmn ippsifioieps@ited in heelmptbonl teotie clogpccodh %2

stores a md-position between the positions in which the loop coils L[err]
and L[ er ip Zhe sqem 2026, ansbdthe qeghicke dtypsi jndgnenter pRSULEsnobf the
vehi cl e 48 which has

tained in the step 2034 (2044) are deleted from the storage data.
Providing that the calculated distance exceeds the reference
distance Cgjge, then the general control section 72 omits the
step 2044. The procedure exemplarily shown in Figs. 20 and 21
is implemented in this manner.

After the execution of the step 2042 (and 2044), the
action returns to the flow shown in Fig. 31 to execute the
processing for definitely determining the wvehicle center
positions (2046). More specifically, the above automobile center

(when it is obtained in step 2042 the judgment result that it is

"less than the reference distance Cside) or the vehicle center

position stored in relation to the loop coil L; in step 2026
(when it is obtained in step 2042 the judgment result that it ex-
ceeds the reference distance Cgj45e is definitely determined as
the vehicle center position of the vehicle 48 which has entered
the zone of the loop coil L; ). Afterwards, in accordance with
the thus established'vehicle center position the general control
section 72 sets the confents of the photographing command to be
imparted to the vehicle photography section 114 in the step 2006
(2048). Namely, the general control section 72 specifies a
single or a plurality of enforcement cameras 52, so as to be able
to photograph the license plate of the vehicle 48 having the
established vehicle center position as its vehicle center posi-
tion, and if possible, Qenerates a command for controlling the

depression théreof.
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entered the zones of the loop coils L[err] and L[err] (step 2106). After

t he execution of step 2102 or 2106, .the action of the general control
section 72 advances to step 2098. When in step 2070 or 2098 it is
judged that the high sensitivity output of the loop coil Li has turned on
later than or sinultaneously with the High sensitivity output of the |oop
coil L[eh)), Ldop gemidr diy odmse|Higle tSenmsiRivityk@stpute Thowe @hoandi whése.
36 with the setting of x =i + 1. In the case where it has already been
j udged t Haw Sensidiiviity iyt hthemeatter urns OniEf InlnoOneopinei |
L[err] is an autonobile, the general control section 72.assunes that "the
vehlcle @gﬁggeliiﬁ.ﬂigh Sensitivity Output Turns Off

Consideration will now be given to a case wﬁere the high
sensitivity output of the loop coil L; turns on and thereafter
its low sensitivity output turns on and off only one time
before the high sensitivity output turns off. In this case,
-at the time when the high sensitivity output turns on, the high
sensitivity rise processing is executed (2016, 2020). Thus, the
type of the vehicle is set to "waiting for judgment"” (2024), and
the position at which the loop coil L; is embedded (2026) is
stored as a temporary vehicle center position. Thereafter, when
the low sensitivity output turns on, the 1ow sensitivity rise
processing is exeeuted (2018).

At the time when the low sensitivity output of the loop coil
L; turns on (2018, 2050), the low sensitivity delay time as shown
in Fig. 34, i.e., time T' taken for the low sensitivity output to
turn on after the high sensitivity output has turned on-(2052,
see Fig. 29) is calculated in principle. Afterwards, the general
control section 72 stores the time when the low sengitivity
output has turned on (2054), judges that the vehicle 48 which
has entered the zone of the loop coil Lj is an automobile
(2056); and in principle returns to the flow of Fig. 30.

- The second procedure exemplarily shown in Fig. 18, etc is imple-
mented in this manner. |

Thereafter, when the low sensitivity output of the loop

coil L; turns off (2014, 2058), the time is stored as shown in

[ ———
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tion stored in relation to the loop coil L[err] in step 2026 can be

treated as the vehicle center position of the vehicle 48 which has entered
the zone of the loop coil Li", and ternmnates the low sensitivity fal
processi ng (2096). In the case where i has not yet been judged that the
vehicle 48 which has entered the Iloop coil L[err] is an autonobile, the
gener al Rigu r3g 2060 bn ad ;Udgssthhetmedgeﬂewheghe:e93|noV|tyeomwpataﬂ

the loop coil Lferr]
the vehicle has been judged to be an automobile (2062). Since

it has been judged to be an automobile in the preceding step
2056, the action of the general control section 72 advances to
step 2064. It is judged in step 2064 whether or not this low
'sensitivity fall is the first fall after the high sensitivity
rise. Since here an example where the low sensitivity turns on
and off only once after the high sensitivity output has turned on
is considered, this low sensitivity fall is judged, in step 2064,
to be the first fall after the high sensitivity rise. With such
result of judgment, step 2066 is executed, whereupon-the action
of the general control section 72 advances to the flow shown in
.Fig. 35.

Since it has been judged to be an automobile in the preced-
ing step 2056, the action of the general control section 72
advances from step 2038 shown in Fig. 35 to the steps 2068 and
2070. In step 2068 is judged whether the high sensitivity output
of the loop coil Ly has turned on earlier than that of the loop
coil L;_q, and in the steb 2070 it is judged whether or not the
high sensitivity output of the loop coil Li has turned on
earlier than that of the loop coil Li¥1'
bl) Case in which the high sensitivity output of the loop coil
L; turns on earlier than the high sensitivitf outputs of the
loop coils Lj_; and Lj .37

The situation will be assumed to be as shown in any one of
Figs.'22 to 24 in thé case where the high sensitivity output'of

the loop coil L; has been judged to have turned on earlier than

- e it s et
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73 has turned on later than the high sensitivity output of the loop coi

L[ err]

or the high sensitivity output of the loop coil Li has turned on

simul taneously with the high sensitivity output of the loop coil L[err]

(2100) .

| f judged to be not sinultaneouysg the general control section 72

assunes that "the vehicle center position stored in relation to the |oop
coi | L[ &h§ highssensidiiyity owtputs @ thegleep Loblgechjcj cardnbes] -
position.of the vehicle 48 which has entered the zone_ of the Ioog COi

0

Li ", andofe/®l& TaaRoneing JREHT FRTIPLPTHIR . T2 PXeGRFER

apfa-
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~stored as the vehicle center position in step 2026 (2074), and

stores a quadric curve peak found by the quadric curve approgima-
tion as the vehicle centef position of the vehicle 48 which has
entered the zone of the loop coil Ly (2076).

In the fiow depicted in Fig. 37, the quadric curve
approximation is implemented as follows. It is judged in this
flow whether or not the high sensitivity outputs of the loop
coils Lj_4q and Lj,; are on (2078, 2080). In fhe case where fhe
high sensitivity outputs of the loop coils Lj_; and L;,; both
turn on after the turning on of the high sensitivity output of
the loop coil L; (see Fig. 22), the time lapse.from the high
sensitivity outputs of the loop coils L;_; and Lj,.q tufning on
after the high sensitivity output of the loop coil L; has turned
on (2082, 2084) is respectively calculated. Together with the
time (= 0) when the high sensitivity output of the loop coil ;
has turned on, the resultant times are applied to a quadratic ex-
pression (2086), and then a peak of the quadratic expression is
found (2088).

In the case where after the high sensitivity output of the
loop coil L; has turned on, only one of the high sensitivity
outputs of the loop coils Lj.1 and Lj,q turns on with the other
remaining off (including the case of absence of the other loop
coil in quéstion), half of the time lapse from the low sensitivi-

ty output of the loop coil Lj turns off after its turning on

P T v—
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assunes "the vehicle center position stored in relation to the |oop coils
L[err] and L[err] in step 2026 is not to be treated as the vehicle center
position of the vehicle 48 which has entered the zones of the |oop coils
L[err] and L[err]", and del etes fron1the7§torage data the vehicle center
position stored in relation to the loop <Coils L[err] and L[err] in step
2026, an(2690; 28092 dapdsithieomrespditwden appidedidsi tthensjuadrmateic téxpres-oop
coils L[err] and L[err] are separately enbedded, as the vehicle center

posi ti onsi@n.t heInyveANEPuEBCRhi A HEs POfSdbde ttee copeeyidh tthe |Hdavi | s
Ll[err] and. L[err] %2106%. . Aftgr t he execution of step 2102 or 2106, the
action BiopRecdgRAEFEA dBnFAEE-s&c AR P2-advances to the step 2098.

b2) Case in which the high sensitivity output of the loop coil

L; turns oh later than or simultaneously with that of the loop
coil Ly_q:

The situation will be assumed to be as shown in any one of
Figs. 25 to 28 when the high sensitivity output of the loop coil
L; has been judged to have turned on later than or simultaneously
with that of the loop coil Lia in step 2068. For this reason,
the general control section 72 evaluates whether or not the
vehicle center position stored in connection with the loop coil
Ly in the step 2026 can be treated as a vehicle center position
of the vehicle 48 which has entered the zone of the loop coil Lj
(possibility examination of the vehicle center; 2094).

The processing of step 2094 is implemented by invoking the
flow depicted in Fig. 36 with the setting of x = i - 1. In the
shown flow, it is first judged whether a judgment result that
the type of the vehicle associated with the loop coil Ly (Lj_71 in
this case) is an automobile (2096) has already been obtained. 1If
it is judged that the judgment result that the type of the vehi-
cle associated yith the loop coil L, is an automobile has not yet
been obtained, then the situation can be regarded as one shown
in Fig. 25 or 27. Thereupon, the actién of the general control
section 72 immediately advances to the step 2098 of Fig. 35. It
is judged in the step 2098 whether or not the.high sensitivity

output of the loop coil L; has turned on earlier than the high

' : EET |
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c) Loop Coil Li whose H gh Sensitivity Qutput Turns On and whose Low

Sensitivity Qutput thereafter Turns On/Of a Plurality of Tines Before its

Hi gh Sensitivity Qutput Turns Of Consi deration will be given of a
case where the high sensitivity output pf the loop coil .Li turns on and
thereafter 74 the low sensitivity

out put t benedftivirtys owtputd off fthe plaupalcdi;a Iof, 1 idoess beff eit his hjuydged
sen5|t|V|ty output turns off. In this

to have turned on earlier, the general control section assumes
that "the wvehicle center position stored in relation to the loop
coil L; in the step 2026 can be treated as the vehicle center of
the vehicle 48 which has entered the zone of the loop coil L;",
and brings the low sensitivity fall processing to a termination.
As a regult of this, it is possible to deal with the situations
shown in Figs. 25 and 27.

If it is judged, in step 2096 of Fig. 36, that the judgment
result that the type of the vehicle associated with the loop
coil L, is an automobile has been obtained, the situation can be
regarded as one shown in Fig. 26 or.28. Thereupon, the general
control section 72 judges whether or not the high sensitivity
output of the loop coil Lj has turned on simultaneously with the
high sensitivity output of the loop coil L, (i.e., Li-l) (2100).

If judged to be not simultaneous, it is conceivable that the
high sensitivity output of the loop coil L; has turned on later
than the high sensitivity output of the loop coil L, (séé Fig.
26). _Thereupon, the general control section 72 assumes that
"the vehicle center position stored in connection with the loop
coil L; in step 2026 is not to be treated as the vehicle center
position of the vehicle 48 which has entered the zone of the loop
coil L;", and deletes the vehicle center position stored in
relation to the loop coil L; in the step 2026 from the storage
data (step 2102).

Conversely, if judged to have turned on simultaneously (see

Fig. 28), then the general control section 72 assumes that "the
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case, simlar to the action as stated in b) the action is taken fromthe
time when the high sensitivity output has turned on, through the first
turn-on of the low sensitivity output, up to the tine when the | ow
senSitivity output turns off for the fir?g tinme. At a point in tinme
when the | ow sensitivity output of the op coil-L[err] turns on and off

once and veIeIERs t@dntat NoOt16A048ora@50h 6gahactibA wiER £H8216Bpwaoills
Fig. 34 may be omt- ted. More specifically, the current "turn-on of the

| ow sen- Lsiand/ily Dutsptep 2826sisnedtt to”"bavereataedcassadvehithe sented
vehlcle out of. a plurality of vehicles 48 which have entered the
position of the vehicle 48 which has entered the zones of the
loop coils Ly and Lg", and deletes the vehicle center position
'stored with respect to the loop coils L; -and L, in step 2026 from
the storage data (step 2104). After the execution of step 2104,
the general control section 72.stores a mid-position between the
positions in which the loo§ coils L; and L, are separately embed-
ded, as a vehicle center position of the vehicle 48 which has
entered the zones of the loop coils Ly and L, (step 2106).
After the execution of step 2102 or 2106, the action of the
general control section 72 advances to step 2098.

When in step 2070 or 2098 it is judged that the high
sensitivity output of the loop coil Li.has turned on later than
or simultaneously with the.high sensitivity output of the loop
coil Lj4+1. the general control section 72 invokes the flow
shown in Fig. 36 with the setting of x = 1 + 1. In the case
where it has already been judged that the vehicle 48 which has
entered the zone of the loop coil Ly, is an automobile, the
general control section 72 assumes that "the vehicle center posi-
tion stored in relation to the loop coil Lj in step 2026 can be
treated as the vehicle center position of the vehicle 48 which
has entered the zone of the loop coil -L;", and terminates the low
sensitivity fall processing (2096). In the case where it has
not yet been judged that the vehicle 48 which has entered the

loop coil L;,; is an automobile, the general control section 72

juéges whether the high sensitivity output of the loop coil'Li
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zones of the loop coils wthout keeping sufficient distances therebetween"
or to "have been caused by a single vehicle 48 having two or nore
on-durations of the low sensitivity output such as a truck"”.  Hence, in
any case, there is no need to find the low sensitivity delay time T
depicted in Fig. 29. For this reason, 78t is judged in the flow of Fig. 34

that Wheldieudhd®lon et M98 the!ME N SéndbeiyO¥y S8BEHhtVHEY tREL REbp | S
"the second or later turn-on of the |low sensitivity output caused after

the hi gbilsa)giyt iod tthe Giighitsermditivitty | owppwt | ofi thaslobpr setlon bhas

before that high sensitivity output turns off (2112), and if the judgenent

i s af fi tuatnede ot lsdmtldmridhidsiy with the high sensitivity output of the
loop coil Li+1 (2100). If judged to be not simultaneous, the
general cohtrol section 72 assumes that "the vehicle center
.position stored in relation to the loop coil L; in step 2026 is.
not to be treated as a vehicle center position of the vehicle 48
which has entered the zone of the loop coil L;", and deletes
the vehicle center position stored in relation to the loop coil
Li in stép 2026 from the storage data (step 2102). Conversely,
if judged to be simultaneous, the general control section 72
assumes "the vehicle center position stored in relation to the
loop coils Lj and L, in step 2026 is not to be treated as the
vehicle center position of the vehicle 48 which has ehtered the
zones of the loop coils L; and L,2", and deletes from the storage
data the vehicle center position stored in rélation to the loop
coils Ly and Ly in step 2026, and stores a mid-position
between the positions where the loop coils Ly and Ly
are separately embedded, as the vehicle center position of the
vehicle-48 which has entered the zones of the loop coils Liland
'Lx (2106). After the execution of step 2102 or 2106, the action
of the general control section 72 advances to the step 2098.
c) Loop Coil L; whose High Sensitivity Output Turns On and
whose Low Sensitivity Output-thereafter Turns On/0Off a Plurality
of Times Before its High Sepsitivity Output Turns Off

Consideration will be given of a case where the high

se?sitivity outputlof the loop coil Lj turns on and thereafter




om-tted. After the execution of the step 2056, the general control
section 72 judges whether the current "turn-on of the |ow

75 sensitivity output” has been "caused by the second vehicle out of a
plurality of vehicles 48 which have entejgd the zones of the loop coils

wi t hoyt keeping sufficient distances therebetween" or caused by a single
vehi cl'e #Behbkowngenabtdvikyr outpudutierens t@rnshonlawdsoﬁﬁlﬁamhgra@dﬁwUt

such as a truck" (2114). To be
of times before the high sensitivity output turns off. In this

case, similar to the action as stated in b) the action is taken
from the time when the'high sensitivity output has turned on,
throﬁgh the first turn-on of the low sensitivity output, up to
the time when the low sensitivity output turns off for the first
time.

At a point in time when the low sensitivity output of the
loop eoil L, turns on and off once and thereafter turns on
(2018, 2050) again, the step 2052 shown in Fig. 34 may be omit-
ted. More specifically, the current "turn-on of the low sen-
sitivity output” is assumed to "have been caused by the second
vehicle out of a plurality of vehicles 48 which have entered the
zones of the loop coils without keeping sufficient distances
therebetween" or to "have been caused by a single vehicle 48
having two or more on-durations of the: low sensitivity output
such as a truck". Hence, in any case, there is no need to find
the low sensitivity delay time T' depicted in Fig. 29. For this
reason, it is judged in the flow of Fig. 34 that whether or not
the current "turn-on of the low sensitivity output" is "the
second or later turn-on of the low sensitivity output caused
after the high sensitivity output of the loopcoil Ly has
turned on but before that high'éengitivity output turns off

. (2112), and if the judgement;ié affirmative, the step 2052 is
ocmitted.

After the execufion of the step 2056, the general control

section 72 judges whether the current "turn-on of the low
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concrete, this judgnent is inplenented by the conparison-between T and
Werr]*T . That is, mﬁth T>Werr]*T", the general control section 72
judges that the current "turn-on of t he | ow sensitivity out- put" has been
"caused by the second vehicle out of a plurality of the vehicles 48 which
have entered the zones of the loop coilS™ w thout keeping sufficient

di st ancesensictipttyceutputidhagebeess "cangedt by thecsesandhwvebigle whitclof

foll ow. C‘onversel_éﬁér with T<W errL*T' t he general control section 72
j udges thARLYTRLEEY rehtvehigiasoABorhigh FBMPSQH§PFP9|FyeoﬁPB&F °ﬁa§hﬁéen

LCaused o ol S RNE Eedula kO teRE, HFEeRlaS AL ERR Dk o
" caused by a single vehicle 48 having two or more on-durations
of the low sensitivity output such as a truck" (2114). To be
concrete, this judgment is impiemented by the comparison between
T and W *T'. That is, with T>W *T', the general control section
72 judges that the current "turn-on of the low sensitivity out-
put"” has been "caused by the second vehicle out of a plurality of
the vehicles 48 which have entered the zones of the loop coils
without keeping sufficient distances therebetween", and executes
the step 2116 and the steps which follow. Conversely, with
T<W *T', the'géneral control section 72 judges that the current
"turn-on of the low sensitivity output” has been "caused by a
single vehicle 48 having two or more on-durations of the low
sensitivity output such as a truck”, and completes the low sen-
sitivity rise processing.

In the processing of the step 2116 and the steps which
follow, the general control section assumes that at a point of
time after a lapse of T/2 after the low sensitivity output has
turned off, the preceding vehicle 48 has passed over the loép
coil L; and that at the same point of time, the closely following
véhicle 48 has entered the zone of the 1loop coil Li
(estimation of the high sensitivity fall time and setting of high
sensitivity rise time; 2116, 2118). The general control section
72 further definitely determines the vehicle center position

which has been defined with respect to the last low sensitivity




sitivity rise processing. In the processing of the step 2116 and the
steps which follow the general control section assunes that at a point of
time after a lapse of T/2 after the low sensitivity output has turned off,
t he preceding vehicle 48 has passed over the loop coil Li and that at the
sane point of tinme, the closely follomd%ﬁ vehicle 48 has ent ered t he
zone  @utpwt dmwejuratioh byethé plesiousmtactiod, tde divghbelsidcentey fal
time and setting of high sensitivity rise time; 2116, 2118). The general
control posdtion periaining tefthéteuyrert ckow resnsibl vity dutpeht on-
position which has been defined with respect to the last |ow sensitivity
duration (2120, 2122). Also, the general control section 72
judges the type of the vehicle to be an automobile (2124). 1In
this manner the procedure exemplarily shown in Fig. 29 is impele-
mented. The same can be said of the third or later vehicles.
(7) Correlation Processing between Passage Vehicles and
Communication Results

Fig. 38 depicts processihg for correlating the passage
vehicles with the communication results to ensure more accurate
specification of the illegal vehicles.

As shown in this diagram, the local controller 66 first
executes a predetermined initialization processing (3000). After
the execution of the initialization processing and upon receipt
of signals (communication data) from the IU 62 through the debit-

' ing antenna 50 or the debiting confirmation antenna 56 (3002),
the local controller 66 stores the thus received communication
data into a database within the general control section 72. The
local controller 66 repeatedly makes coincidence calculations 56

-depending on the number of the communication data items received

(3004). As soon as information (capture data) on license plate

images obtained by the actions of the loop coil 60 and the en-
forcement cameraé 52 (3006), the local controller 66 stores them
into the database within the interior of the general control
section 72, and repeafedly makes coincidence calculations depend-

ing on the amount of capture data obtained (3008).
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76 -out put on-duration by the previous action, as a vehicle center position
pertaining to the current low sensitivity output on- duration (2120,

2122). Al so, the general control section 72 judges the type of the
vehicle to be an autonobile (2124). In 7 hi s manner the procedure
exenplarily shown in Fig. 29 is inpele- 'nented. The same can be said of

the third or frakeineand eondilthAonsCHorel1d1itaRtiRORIICIe SPRicibation

Passage Vehicles and
processing are satisfied such as a lapse of a predetermined time
(3010), the local controller 66 initiates the vehicle'specifica-
tion processing (correlation mapping) while using as an index
the validity’ calculated by a given algorithm in step 3004 or
3008. At that time, from among the capture data which have been
heretofore attained and stored in the database, the local con-
troller 66 selects the capture data available for the vehicle
specification processing (3012), and supplies the thus selected
capture data one by one to the processing associated with the
steps 3014 to 3020. In other words, the processing associated
with the steps 3014 to 3020 is repeatedly executed the number of
times corresponding to the number of capture data selected.

In step 3014, communication data are selected for which the
capture data being currently used for the vehicle specification
processing are supposed to bé valid according to the validity
calculated in the steps 3004 and 3008. If the number of the
communication data thus selected is one or less (3016), the local
controller 66 concludes that the vehicle 48 associated with the
selected communication dafa is identical to the vehicle 48 asso-
ciated with the capture data being currently used for the vehicle
specification processing (3018). On the contrary, if a plurali-
ty of communication data have been selected in the step 3014
(3016), then the local controller 66 groups these communication
data and correlates them with the capture data being curfently

used for the vehicle specification processing (grouping process—

ing; 3020).
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Communi cation Results Fig. 38 depicts processing for correlating the
passage vehicles with the comunication results to ensure nore accurate
specification of the illegal vehicles. As shown in this diagram the
| ocal controller 66 first executes a ppgdetermined initialization
processing_(3000). After the execution of the initialization processing
and upon recehpterothe grecatioanofnptetessidgt by btepst BO14Ut6230R00 fghr
the debit- ing antenna 50 or the debiting confirmation antenna 56 (3002),
t he | ocaaltotheothptuge dateeseflretefuinrstepvd@l2zonthei tacadncoviralilero a
dat abase within the general control section 72. The
66 combines the results of the processing by steps 3018 and 3020
so as to optimally correlate the capture dafa used for the
vehicle specification with the communication data associated with
a single vehicle (confirmation of the specification results:;
3022). ‘While carrying out the processing such as communication
with the system central controller 68 in accordance with the
results of the vehicle specification thus obtained, the local
controller 66 deletes the capture data and communication data
which have been correlated with each other by the vehicle speci-
fication processing, from the database within the interior of the
general control section 72 (3024). Afterwards, the flow of the
vehicle specification processing by the local controller 66
returns to step 3002 waiting for the communication data and
capture data to be received.

Irrespective of the wider communication zones of the debit-
ing antennas 50 and debiting confirmation antennas 56, the
execution of such processing will allow identification of a
plurality of vehicles 48 travelling side by side or in tandem and
accurate correlation between the identified vehicles and the
respective license plate images..

(8) Second Embodiment

Although the above description has been given on the basis

of the system configuration as depicted in Fig. 1, the present

invention is not intended to be limited to such a system configu-

ration. With the obviating of the line 64 and the line scanners
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| ocal controller 66 repeatedly makes coinci dence cal cul ati ons 56 dependi ng
on the nunber of the conmunication data itens received (3004). As soon as
i nformati-on (capture data) on license plate I mages obt ai ned by the
actions of the loop coil 60 and the en- 76gcwcenent canmeras 52 (3006), the
l'ocal controller 66 stores them into the database within the interior of

the gene68i, asnshown Sectiign 28 for exepgaieditheioep coile tamy be

cal cul ati ons depend- ing on the anpbunt of capture data obtained (3008).
disposed slightly toward the downstream side of the second gantry
46, and the enforcement cameras 24 may be arranged on fhe second
gantry 46, not on the first gantry 44.

The absence of the line 64 and the line scannérs 58 can
obviate the maintenange of faded line 64 or the like. This means
that no traffic will be blocked for such maintenance. Further,
when covered by rain, snow, dust or the like, the line 64 is
prone to a problem that it is optically shielded from the line
scanners 58. This embodiment is free from such a problem since
neither line 64 nor the line scanners 58 is used. Assume that
the vehicle 48 stays on the line 64 for a relatively long period
of time. In such a case, control of a diaphragm of the line
scanners 58 may become unreliable or cannot be performed at all
unless it is operated in response to an output of the loop coils
60. For preventing such a problem, in the first embodiment, each

" of the capture areas of line scanners 58 in Fig. 1 are correlated
with loop coils 60. For example, as shown in Fig. 49, the line
scanner 581 is correlated with the loop coils 601, 602 and 603;
the; line scanner 582 is correlated with the loop coils 603, 604
and 605; and so on. Each of the line scanners 58 is operated, in
accordance with the loop coil ON/OFF signal shown in Fig. 11,
such that the value of its iris is kept when at least onelof
corresponding loop coils 60 is ON and is controlled to an
adequate value when at least one of the corresponding looﬁ coils
60. '

In the second embodiment, as described above, the line
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The instant conditions for initiating vehicle specification

ng are satisfied such as a | apse of a predetermned tine (3010),

| controller 66 initiates the vehicle specifica- tion processing
tion mapping) while using as anggdex the validity calculated by
algorithmin step 3004 or 3008. At that tine, fromanong the
gebanelrisc 58hare heen ndussdafnr e THdxdi foad,artthes tparobdl dnis tdBused by

, the local con- troller 66 selects the capture data avail able for
vebicdpecisftiaydmigo orpridee sisingg §480E2 pbvdadtesimilnass ndheltiwsiscontrol

for line scanners 58 are not necessary in this embodiment.

(9) Third Embodiment

Fig. 40 is a perspective view showing an external appearance

of a system according to a third embodiment. In the this

‘embodiment, both the loop coils 60 and the line 64 are disposed

slightly downstream of the second gantry 46, and enforcement
cameras 52 are arranged on the second gantry 46. This system is
as effective as that of the first embodiment.
(10) Fourth Embodiment

A system according to a fourth embodiment is configured as
shown in Fig. 41. In this embodiment, a white line 132 (made
from white tiles or a reflecting plate) is formed across the road
slightly downstream of the second gantry 46. A plurality of
distance sensors 134 are arranged on the second gantry 46 so as
to take pictures of the white line 132 to a predetermined width
in the lane crossing diréction and to perform the triangulation.

Referring to Fig. 42, each of the distance sensors 134
comprises a light emitting element 136 and a light receiving
element 138. For instance, the light emitting element 136 is LED
while the light receiving element 138 is PSD. Light'beams from
the light emitting element 136 are projected onto the road sur-
face via a lens 140. Light beams reflected from the white line
132 or the vehicle 48 moving on the white line 132 are received
by the light receiving element 138 via a lens 142 present below

the light receiving element 138. Use of the distance sensors 134

[ REPLACEMENT SHEET
17 AUG 199

Yoy . N
Dnl@ St eReNe s iisacravatsrararrraas :




capture data one by one to the processing associated with the steps 3014
to 3020. In other words, the processing associated wth the steps 3014 to
3020 is repeatedly executed the nunber of tines corresponding to the
nunber of capture data sel ect ed. éﬁ step 3014, communication data are
sel ected for which the capture data befng currently used for the vehicle
speci f i cahabbesptheeseasgramentupfosaddisthaceabetwaenoedchgdistbhee
vali.dity calculated in the steps 3004 and 3008. | f the nunber of the
comuni caehenrdiB4d ehdsasskeddecting ohgeot having38i1Beightieshowal by
control l er 66 concludes that the vehicle 48 associated with the selected
comuni c@erBAJAFEOVS (Belri $BP FOadheuvénrel eo4gthgsyehicle 48 which is

relatively low) on the basis'of the principle of the
triangulation. Iﬁ other words, it is possible to detect the
presence or absence of vehicle 48 on the white line 132.
Further, it is possible t0 measure the distance between the
distance sensor 134 and the vehicle 48 present on the white line
132 when it has a relatively low height. When the light receiv-
ing element 138 does not receive any light beams emitted from the
light emitting element 138 and reflected from an object, it is
recognized that the object has a relatively large height as shown
by a square in Fig. 42. Therefore, this system can also detect,
in a preferable high and reflects the iight beams from a position
outside the measurement range.

Fig. 43(a) shows the operation of the distance sensor 134 on
a time-divided basis. 1In this.embodiment, a plurality of, for
example, 32 light emitting elements 136 are arranged in series
along the lane crossing direction, and each of the light emitting
elements 136 projects light beams along the white line 132 in
such a manner as to scan across the road surface. During the
scanning, both the light emitting 136.is receiving elements 136
and 138 are turned on a plurality of times (e.g. 32 times) so as
to measure the distance to the road surface each time it is
turned on. When there is no véhicle 48 on the white line 132,
measurement results are always constant as shown in Fig. 43(b),

i.e. indicate the height of the position where the sensor 134 is
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- ci ated ﬁﬁth the capture data being currehtly used for the vehicle
specification processing (3018). On the contrary, if a plurali- ty of
conmmuni cati on data have been selected in the step 3014 (3016), then the
local controller 66 groups these connunéfation data and correl ates them
with the capture data being currently <used for the vehicle specification
pr ocessiimpt{a}bagbi ngIprtbkssstatag; tBé2fi¢asurement results are compared
8 to be a threshold value which is a criterion shown by a dashed
line. This means the absence of the vehicle ih the measurement
range each time the light emitting 136 is turned on, as shown in
Fig. 43(c). Conversely, when the vehicle is preseht on the white
'line 132 as shown in Fig. 43(a), the measurement results are as
shown in Fig. 43(d) according to the height of the vehicle 48.
The measurement results are checked with reference to the cri-
terion shown by the dashed line. The position of the vehicle 48
| in the lane crossing direction is detected on the basis of timing
at which the light emitting 136 is receiving elements are turned
on. Therefore, by using the triangulation, it is possible to
recognize where the vehicle 48 is present along the lane crossing
direction, and time-divided turning-on of the light emitting and
element of the distance sensor 134.

With this embodiment, a plurality of the distance sensors
134 are provided per lane as shown in Fig. 44. This arrangement
can reduce the coverage of each distance sensor 134 so that the
distance sensor 134 can have a high resolution even near the road
surféce. Thus, it is possible to separately detect wvehicles
having a relatively low height such as motorcycles and cars.

The distance sensor 134 may be configured such that the
light emitting element 136 projects light beams straight onto the
road surface and the light receiving element 138 received
reflected light béams (as shown in Fig. 45). Preferably, the

distance sensor 134 is installed with a predetermined angle a of

depression such that the light emitting element 136 projects
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After the execution of.processing by steps 3014 to 3020 for -all the
capture data selected in step 3012, the |ocal controller 66 conbines the
results of the processing by steps 3018 and 3020 so as to optimally
coirelate the capture data used for thg vehicle specification with the
communi cation data associated with a S|%gle vehicle (confirmation of the
speci f i Qatghon bemus t s1igBORP) upstiakhcofathgi agvancinpedprectienngfstble as
communi cation wth the systemcentral controller 68 in accordance with the.
resul t s vghiglke A8 card sphenf that 1dght hugcebyingcelenent| h38| regehves| | er

66 del etes the capture_data and communi cati on data whi ch have been :
corr el atld@hf (IPABR rRtIRFTEY TRereEroR| @Sspheyr in Fig. 46. The latter .

arrangement can narrow the dead angle of the sensor 134 along the
advancing direction and therefore improve the resolution of the
distance sensor 134 when compared with the arrangement shown in
Fig. 45. |

The white line 132 in this embodiment differs form the line
64 in the first and third embodiments, i.e. the white line 132 is
painted white, or is made from white tiles or a reflecting plate.
The white line 132 can maintained a high reflectance compared
with other portions of the road surface madé from asphalt or
concrete. Thus, the distance measurement can be reliably per-
formed without any adverse influence caused by a wet road surface
or the like. In the first and third embodiments, to reliably
detect the vehicle it is necessary to illuminate the wet line 64
with high~powered light beams from the line scanner'58. However,
no high-powered light beams.are necessary in this fourth embodi-
ment. Further, the receiving level of the light receiving ele-
ment 138 is reduced by a front or rear glass window of the
vehicles 48. In such a case, firstly, it is judged whether the
receiving level is lower than or pqual-to the threshold receiving
level being set as the distance can be'precisely measured
therefrom. If the receiving level is lower than or equal to the
threshold receiving level, it is notified that the distance is
"infinity" as described later. In the case that the height of

the road surface rises due to the snow or the like, the criterion
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fieation processing, fromthe database within the interior of the general
control section 72 (3024). Afterwards, the flow of the vehicle

speci fication processing by the local controller 66 returns to step 3002
wai'ting for the conmunication data and 8gapture data to be received.

| Frespective of the wi der communi cation 2ones of the debit- ing antennas
50 and dehewhnhycéotitedaliioe dm Edgas486ist pdjuexedusiioh thatuthepr ocessi ng
will allowidentification of a plurality of vehicles 48 travelling side by
si de or PRAFURGEANEnFangeckFafbifsefctar MOReHEPRECRTLALE| BBAOLFI ed vehi cl es

and the resp%ggtv27lkgegsglgug Sr%”%ﬂgﬁing the vehicle position detect-
ing sequence executed by the local controller 66 using the dis-
tance sensors 134. It is assumed here that there are "n" dis-
tance sensors 134. The same sequence 4000-4016 is conducted for
each of the distance sensors 134.

In each distance sensor 134, its light emitting element 136
is turned on (step 4000). The light emitting element 136
projects light beams toward the white line 132, which are
reflected by the white line 132 or an object such as the wvehicle
48 travelling on the white line 132, and are received by the
light receiving element 138. When a level of light beams
received by the light receiving element 138 is below a
predetermined valﬁe (step 4002), it is recognized that light
beams are reflected from the object which is present outside the
measurement range, as shown bﬁ the square in Fig. 42.

Thus, the local controller 66 determines that a distance to the
reflecting object is "infinity" (step 4004). For example, the

object passing over the white line 132 is recognized to be the

vehicle 48 having a large height.

When the level of ligﬁt beams received by the light receiv-
ing element 138 is high enough to consider that they are reflect-
ed from the object within the measurement range, the local con-
troller 66 célculates a distance between the distance sensor 134
and the object on the basis of the triangulation principle (step

4006). The local controller 66 converts the calculated distance

|
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(8) Second Enbodi nent Al t hough the above description has been given
on the basis of the systemconfiguration as depicted in Fig. 1, the
present invention is not intended to be limted to such a system confi gu-
ration. Wth the obviating of the I|ne 64 and the |ine scanners
79 58, as shown in Fig. 39 for exanple, 8% he | oop coils 60 may be disposed
sl i ght | yintowea doihargofinsh;, eamds compekreshiétseibhdthancriterdtonagbowheby
enforcenent caneras 24 nay be arranged on the second
the dashed line in Fig. 43. If the calculated distance is equal
to or larger than the criterion, it is considered that not vehi-
.cle is present in the light projecting direction at least at that
time (step 4010). Otherwise, it is considered thét a vehicle 48
is present in the light projecting direction (step 4012). The
local controller 66 writes the result obtained in step 4004, 4010
or 4012 in the vehicle information memory of the éenéral control
section 72 (step 4014). The foregoing sequence is repeated for
each distance sensor 134 until its light emitting and receiving
elemént 136 is turned on 32 times so as to scan their coverage in
the lane crossing direction (step 4016).

The local control unit 66 combines the information written
in the vehicle information memory in the central control unit
(step 4018) and pre-processes (step 4020) the information, and
calculated the position of the wvehicle 48 in the lane crossing
direction and a width of the vehicle 48 (step 4022). In other
words, the position and width of the vehicle 48 can be known on
the basis of the principle-shown in Fig. 43.

Since the line 64 compfising white and black patterns is not
necessary in this embodiment, no traffic will be blocked so as to
maintain the line 64. Further, it is-possible to prevent
problems that the position of the vehicle in the lane crossing
direction or the width of the vehicle becomes unreliable or
cannot be detected due to rain, snow or dust covering the line

64. Further, this embodiment is free from a problem that the

distance measurement cannot be performed because the vehicle 48

b
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gantry 46, not on the first gantry 44. The absence of the |line 64 and -

the line scanners 58 can obviate the nai ntenance of faded |ine 64 or the

like. This means that no traffic will be blocked for such maintenance.

Further, when covered by rain, snow, dggt or the like, the line 64 is

prone to a problemthat it is optically®Shielded fromthe |ine scanners

58. Thi stagsodnntiie ilsirfe ¢ fffaxm s Uodng prmiddrofsitioe . natdilkk furchdéd, nar

the line scanners 58 is used. Assune that the vehicle 48 stays on the line

- 64 for aplerality vl dhe sdstancefsansars 134 ane arranged oin rdhe ckane

di aphragm of the line scanners 58 may becone unreliable or cannot be

per f or ne6r@ssing direction with the angle of depression a in the vehicle
advancing direction, and can detect the vehicle with high
resolution. This embodiment does not require any high-powered
laser beams, and is free from any problem that the level of
reflected light beams is affected by the front or rear window of
the vehicle, or by show or the like covering the road surface.
(11) Fifth Embodiment 5

Fig. 48 is a perspective view showing an external appearance

of a system according to a fifth embodiment. The upper portion
of the distance sensors 134 are covered by a sun/rain screen 144.
The sun/rain screen 144 enables the system to be installed in
areas which may suffer from heavy rain such as squalls, or may be
exposed to the strong sunshine and prevents the.rise
intemperature of the distance sensors 134 and the peripheral

thereof.




unl-ess it is operated in response to an output of the loop coils 60. For
preventing such a problem in the first enbodi nent, each of the capture
areas of line scanners 58 in Fig. 1 are correlated wth |l oop coils 60. For
exdanple, as shown in Fig. 49, the line gScanner 581 is correlated with the

| oop coils 601, 602 and 603; the; line “scanner 582 is correlated with the
| oop coi WwHAB0IS @IAIMERlI WS, and so on. Each of the line scanners 58 is

operated, in accordance with the |loop coil QV CFF si gnal ',"muumg H”“Iu
such that the value of its .iris is kept when at |east one

I oop coils 60 is ON and is controlled to an adequate value mhenLat"Ieast

one of tHe c&f SPORAS IARRL g System comprising:

a first gantry disposed so as to span a road having a
predetermined'nﬁmber of lanes; |

a second gantry disposed so as.to span said road and posi-
tioned on a downstream side of said firét gantry along a vehicle
advancing direction:; |

debiting means érranged on said first gantry for radio
communicating with wvehicles tfaveling said road to impose tolls
thereon;

debiting confirmation means arranged on said second gantry
for radio communicafing wifh vehicles traveling said road to
confirm.that tolls have been correctly imposed thereon; |

passage position detection means for detecting passage -
positions in the lane crossing direction of said wvehicles
traveling said road;

photographing point decision means for deciding points to be
photographed in accordance with said.passage positions in the
lane crossing direction so as to photograph at least vehicles
from which confirmations have not been obtained that tolls have
been correctly imposed thereon; and

illegal vehicle photographing means for photographing said
points to be photographed which have been deﬁermined by said

photographing point decision means.

2, ‘An automatic debiting system according to claim 1, further
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60+ In the second enbodi nent, as described above, the |ine
80 scanners 58 are not necessary. Therefore, the problens caused-by—

vehicles staying on the line 64 is obviated since no iri r Line
scanners 58 are not necessary in this eggodi ment. (9) ﬁ,mnmmmﬁ "’
Fig. 40 is,a perspective V|em15homnng ah®ext er nal appearance

comprising'

a plurality of detection elements embedded for each lane
along the lane crossing direction output signal values of which
vary in response to the passage of a vehicle through the vicinity
thereof;

said passage position detection means determining said
passage positions in the lane crossing direction in accordance
with the positions of said detection elements whose output signal

values have varied.

3. An automatic debiting system according to claim 1, further
comprising:

‘vehicle type identification means for identifying the type
of a vehicle traveling on said road:; '

said passage position detection means detérmining said
passage positions in the lane crossing direction in accordance

with the type of the vehicle identified by said vehicle type

identification means.

4. An automatic debiting system according to c¢laim 3,
further comprising:

" a plurality of detection elements embedded for each laae
along the lane crossing direction and whose output signal values
vary in response to the passage of a vehicle through the vicinity
thereof,

said vehicle type identification means'comparing the output

signal values of said detection elements whose output signal




of -a system according to a third enbodinent. In the this enbodinent, both
the | oop coils 60 and the |ine 64 are disposed slightly dom“ﬁmumumlﬂ‘“‘
second gantry 46, and enforcenment canmeras 52 are arranged .
gantry 46. This systemis as effectiveggs that of the first tntoditnefit . °

(10) Fourth Enbodi nent ‘A system acCording to a fourth enbodinment is
confi guredlass RAoenchanged with he biuvtprivedigialt values oFf Hhee clthex made

fromwhite tiles or a reflecting plate) is forned across the.road slightly
downst r edetectibn edempntganttoy theredyplidentiify the dypeande thenyebhslclld,
are arranged on the second gantry 46 so as
said passage position detection means determining said
passage positions in the lane crossing direction in accordance
with the type of vehicle identified by said vehicle type
identification means and with the positions of the detection

elements whose output signal values have changed.

5. An automatic debiting system according to claim 4, wherein
said plurality of detection elements are inductors whose
inductances vary in response to the passage of a vehicle through

the vicinity thereof and whose output signal values vary in
amplitude and pﬁase in response to the Qariation of the induc-

tance.

6. An automatic debiting system according to claim 5,

said vehicle type identification means including:

means for judging when the output signal values of said
inducfors‘have changed, whether the output signal values after
change are relatively small values or relatively large value, |
respectively;

means for estimating, for an inductor whose output signal
value after change is a relatively small value, that the vehicle
which has passed through the vicinity thereof is a lightweight
vehicle type having a relatively'small mass; and

means for estimating, for a inductor of which output signal

value after change is a relative large value, that the vehicle
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to-take pictures of the white line 132 to a predeterm ned i '

| ane crossing direction and to performthe triangulation. Hnlﬂlmlmwmmﬂ

to Fig. 42, each of the distance sensors 134 conprises a u L IsnNg»

el ement 136 and a light receiving ele t 138. For instance, the |ight
emtting element 136 is LED while the Ii'ght receiving el enent 138 is PSD
Li ght beahdchr bas phassedgithrewght ithe slietnittyl 3hexeofpuig achehvymeighte
road sur- face via a lens 140. Light beans reflected fromthe white |line
132 or twehichprclty¥preshawinggaoreldpéivpilye large ®@8sare received by the

i ght receiving elenent 138 via a |lens 142 present below the |ight
receiving el enent 138. Use of the distance sensors 134

7. An automatic debiting system according to claim 6, wherein

said passage position detection means includes:

means for comparing with a reference distance a distance
between a first inductor through the vicinity of which the vehi-
cle estimated to be the lightweight vehicle type has passed
and each of'the second inductors through the vicinity of which
the vehicle estimated to be the heavyweight vehicle-type has
passed, out of the inductors whose output signal values have
changed:; |

. means for assuming, in the presence of at least one second
inductor having séid distance smaller than said reference dis-
tance, that the vehicles which have passed through the vicinity
of the first inductor is identical to the vehicle which has
passed through the vicinity of said at léast one second induc-
tors, and also for estimating the passage position of this vehi-~
cle in the lane crossing direction;
and

means for assuming, in the absence of the second inductors
having said distance smaller thén éaid reference distance, thqt
the vehicle which has passed through the vicinity of the first
inductor is an independent vehicle, and estimating the passage

position of this vehicle in the line crossing direction.

8. An automatic debiting system according to claim 7, wherein
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81 —enabl es the neasurenent of a distance between each mnce sensor 134

and- a reflecting object having a hei ght shown by doubl Wmﬂ"ﬂﬂs‘m;f

road surface, or the-vehicle 48 mhlch is relatively |
thé’principle of the triangulation. ther words, it is pOSSI Bl est ot
detect. the ., presence or absence of vehléﬁe 48 on the white |ine 132.
Further, it | sgicspddsade posbticen ldetelticonatedrsd el udes:

curve approximation means for approximating contexts of
approximation points by a curve, said approximation points being
timings at which variations have appeared in the output signal
values of a pluralitf of inductors through the vicinity of which
the same vehicle has been estimated to have passed, out of the
plurality of inductors whose cutput signal values have changed;
and
_ means for estimating that said passage position in the lane
crossing direction of said vehicle which has passed through the

vicinity of said plurality of inductors lies on an inflection

point of said curve.

9. An automatic debiting system according to claim 8, wherein
said passage position detection means includes:
means for determining a;te:native approximation points thé
number 6f deficient approximation points and in accordance with
the timing where variation has appeared in the output signal
'values of said second inductors, the first inductor and said
second inductor of inductors whose output signal values have
changed having a distance smaller than the reference distance and

whose numbers are both deficient for the curve approximation.

10. An automatic debiting system according to claim 8, wherein

said curve is a quadric curve.

11. An automatic debiting sysfem according to claim 6, wherein

fr—




di st ance sensor 134 and the vehicle 48 présent on t he white-t+nAe—132-whem

It has a relatively | ow height. When the |ight receiv- -

does not receive any light beans emitted fromthe |[ight HML‘E@H“@H“'
138 and reflected froman object, it is ecogni zed t hat EClh N@sS &
relatiyely ]l arge height as shown by a sagare in Fig. 42. Therefore, this

system can al saitetpdsage NpdsPtEhedtecti@h meshs efnebideshe | i ght beans
froma position outside the nmeasurenent range. Fig. 43(a) shows the
operation of tneans sicancssswsoind hepassdgerpalititm dfisa svehiclai sin
enbodi ment, a plurality of, for exanple, 32 light emtting elenents 136
ar e arrang@dnaneﬁgqqgsing direction, in accordance with the position and
timing of variations of output signal values of a plurality of
second inductors in close proximity to each other, said vehicle
which has passed through the vicinity of said plurality of second
inductors, out of inductors whose output signal values have

changed, being estimated to be a heavyweight vehicle type.

12. An automatic debiting system according to. claim 6, wherein

said passage position detection means includes:

means for detecting an initial transitional time during
which the output signal value changes from a relatively small
value into a relatively large value, and an intermediate transi-
tional time during which the output signal value changes from the

" relatively small value back into the relatively large value for

an inductor whose output signal value first changes into the
relatively small value, then changes into the relatively large
value and then ehanges again into the relatively large value:;

means for comparing said initial transitional time with
said intermediate transitional tiﬁe:

means for estimating that a plurality of periods
positioned before and after said intermediate transitional time
and whose output signal values have a relatively large value
represent a common vehicle in the case of a shorter intermediate
transitional time compared with the initial transitional time;

and
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alkong the | ane crossing direction, and each of the light-emtting  elements

136 projects light beans along the white line 132 in sucfy ]

scan across the road surface. During the scanning, both nﬂlmm'“ammmg
136 is receiving elenents 136 and 138d@§e turned on a pluralety ofw tismes
(e.g..32 tines) so as to neasure the distance to the road surface each

time it is tmears onfoxheastimating nthathi 8l epligrabitvie whft e Pemdods?,

nmeasurenment results are always constant as shown in Fig. 43£b%, i .e.
i ndi cat @Qﬁﬁé:m%tbﬁ"?ﬁeaﬁ spfter ﬁﬂéi’ei{‘ﬁﬁr@%ﬁ%BFel Zapgitional time

and whose output signal values have a relatively large value
represent different vehicles in the case of a longer interme-

diate transitional time compared with the initial transitional

time.

13. An automatic debiting system according to claim 1, wherein
said passage position detection means includes:

light and shade pattern photographing means for photograph;
ing a light and shade pattern formed on the road; and

passage detection means for detecting the passage of a
vehicle over the light and shade pattern in accordance with the
disturbance of the 1light and shade pattern in the image

photographed by the light and shade pattern photographing means.

14. An automatic debiting system according to claim 13,
wherein

'said light and shade pattern photographing means are ar-
ranged at positions allowing the photographing of the vicinity of

the boundaries of the lanes.

15. An automatic.debiting system according to claim i, further
comprising:

passage speed detection means for detecting speeds of vehi-
cles which have passed unde: said first gantry; and

photographing timing regulation means for regulating the




“emitting 136 is turned on, as shown in g3 g. 43(c). Conversely, vhen

"

82~ nstalled. In this state, the measurement results are conpéred to be

t hreeshol d value which.s a criterion shown by a dashed Iineiﬂ“ﬂ"ﬂ““‘ ﬂ“i“““
the absence of the vehicle in the neasurenent range each ti o
the
vehicle is.present on the white Iline 132 as shown in Fig. 43(a), the

measur emPhotogrgnhing &iming ipfivthen viehjclesdm raspoanfedta Fesiel tight of
the vehicle 48.  The neasurenent results are checked with reference to the
cri- tePPERISHSREIR L9 e dashed line. The position of the vehicle 48 in

the lane crossing direction is detected on the basis of timng

16. An automatic debiting system according to claim 1, further
comprising:

a vehicle specification means for correlating the results of
communication between said debiting means and the vehicles with
said vehicle photographed by said illegal vehicle photographing

means.

17. An automatic debiting system according to claim 1, wherein

a plurality of lanes are provided under said first and

second gantries.

18. An automatic debiting system according to claim 1, wherein
said predétermined number of lanes are arranged under said
first and second gantries so that said vehicles are capable of

free lane traveling.

19. An autbmatic debiting system according to claim 1,

wherein

said illegal vehicle photographing means photographs license

plates.

20. An automatic debiting system according to claim 1, wherein
the passage position detection means comprises a light emitting

device for emitting a light onto the road, a light réceiving




at~»which the light emtting 136 is receiving el enents aré“TGTﬁEH—-BﬁT_‘d——

Therefore, by using the triangulation, it is possible to |

the vehicle 48 is present along the lane crossing di rectmmnmm\mmm
time-divided turning-on of the Iight engtting and el enent*of€the di sfance
sensor. 134. Wth this enbodinent, a plurality of the di stance sensors
134 are PeV¥IcedoFeraapiying shFRflerted) light, Tiand meangydamscanin®duce

t he coverage of .each di stance sensor 134 spo that the distance sensor 134

can havetRenFORG 8J6NG e LANP RRASIANG HFpctlan bye the, Jdoht emitting
possi bl eét?%i%gpgh tg#gdefto%ctca\ﬁesr}.inc& TS A 1] Tuoh! b WY NGAL such

as not or
points of time.

21. A method of debiting comprising the steps of:

executing radio communication for imposing tolls on a
vehicle between a first gantry disposed so as to span a road
having é predetermined number of lanes and the vehicle
traveling on the road;

executing radio communication for confirming that tolls are
normally imposed on the wvehicle between a second gantry disposed
so as to span said road and arranged on a downstream side of said
first gantry in a vehicle-advancing direction and the vehicle
traveling on said road:;

detecting a passage position in <the lane crossing
direction of the vehicle traveling on the road:

determining the points to be photographed in accordance
with the passage position in the lane crossing direction so as
to photograph at 1least the vehicle from which confirmation has
not been .obtained that the toll has been normally imposed
thereon; and

photographing the points to be photographed determined by

said photographing point determination means.
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The di stance sensor 134 may be configured such that the [light emtting

el ement 136 projects light beans straight onto the road surface and the
light receiving elenment 138 received reflected |ight beans (as shown in
Fig. 45). Preferably, the distance sengﬁr 134 is installed with a :
predeterm ned angle a of depression such that the light emtting el enent
136 projects .83 light beans slightly

upstream of the advancing direction of the
| ABSTRACT OF THE DISCLOSURE

AUTOMATIC DEBITING SYSTEM 'SUITABLE FOR FREE LANE TRAVELING

An automatic debiting system and method suitable for free
lane traveling. Debiting antennas disposed on a first gantry are
used to communicate with an in-vehicle unit (IU) mounted on the
vehicle for debiting. The passages of the vehicles are. detected
by the loop coils or line scanners, and the license plates, etc.,
of‘the vehicles are photographed by the enforcement cameras.
Debiting confirmation antennas on second gantry are used to
communicate with the IU for the confirmation of debiting. When
the normal debiting is confirmed, a ldcai controller informs a
system central controller of the fact, whereaslwhen abnormal
debiting is confirmed, images of the license plate, etc., of the
illegal vehicle are transmitted to the system central controller
as illegal vehicle images. The debiting is thus possible at the

time of free lane traveling.

. This Sheet Has Been Re[ilaced '
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vehicle 48, and then the light receiving elenent 138 receives |ight beans
-reflected therefromas shown in Fig. 46. The latter arrangenent can narrow
t he dead angle of the sensor 134 along the advancing direction and
therefore inprove the resolution of the distance sensor 134 when conpared
wi th the arrangenent shown in Fig. 5.7 . The white line 132 in this
embodi ment differs formthe line 64%R’the first and third enbodi nent s,
i.e. the white line 132 is painted white, or is made fromwhite tiles or a
reflecting plate. The white line 132 can maintained a high reflectance
conpared w th other portions of the road surface made from asphal t- or




e ——

——

concrete. ; di stance neasurenent can be reliably per- forned
' any adverse influence caused by a wet road surface or the like. In

the first and third enbodinents, to reliably detect the vehicle it is

necessary to illumnate the wet line 64 wth high-powered |ight beans from
the |line scanner 58. However, no high-powered |ight beans are necessary in
this fourth enbodi- nent. Furt h@d 37t he receiving |level of the light

receiving ele- nent 138 is reduced by a front or rear glass w ndow of the
vehicles 48. In such a case, firstly, it is judged whether the- receiving

| evel is lower than or equal to the threshold receiving |[|evel being set as
the di stance can b reci sely neasured :

o)
ANY
AN

=




therefrom If the receiving level is lower than or equal to the threshold
receiving level, it is notified that the distance is "infinity" as
described later. In the case that the height of the road surface rises due
‘to the snow or the like, the criterion

84 shown by dotted line in Fig. 43 is gdjjusted such that the neasurenment
range is shifted to nore appropriate range. Fig. 47 is a flowhart
showi ng the vehicle position detect- ing sequence executed by the | ocal
controller 66 using the dis-

22 | 56,58
54 ’
50 502
46
44~ . 500
/4
® (o) (o) I
LCA//OCK/VCCC/770f/7564/)7;$ﬂ//9061/79?é//?964/7964
62 62

60
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tance sensors 134. It is assuned here that there are "n" dis- tance
sensors 134. The sane sequence 4000-4016 is conducted for each of the

di stance sensors 134. In each di stance sensor 134, its light emtting
el enent -136 is turned on (step 4000). The light emtting el enment 136
projects li,ght beans toward the mhiteﬁ@jne 132, which are reflected by the
white linme 132 or an object such as t Yehicle 48 travelling on the white
line 132, and are received by the |ight receiving el enent 138. Wen a

| evel of |ight beans received by the light receiving elenment 138 is bel ow
a predeternm ned value (step 4002), it is recognized that |ight

E | 60
: : )

Fig. 4
E E 60
: : 5
,: i

Fig. 5
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beans are reflected fromthe object which is present-outside the

" measurenent range, as shown by the square in Fig. 42. Thus, the |ocal
controller 66 determ nes that a distance to the reflecting object is
“"infinity" (step 4004). For exanple, the object passing over the white
line 132 is recognized to be the vehicle 48 having a |arge height.

Wien ‘the Tevel of |ight beans receivesy3dwy the light receiv- ing elenent.
138 is high enough to consider that they are reflect- fromthe object
wi thin the neasurenent range, the local con- troll calculates a

di stance between the distance sensor 134 and t on the basis of

the triangulation principle (step

o

“ !
l

a ©
3"‘ . l;n-

— LL
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e

.

N
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4006). The local controller 66 converts the cal cul ated distance

85 into a binary form and conpares it with the criterion shown by the
dashed line in Fig. 43. If the calculated distance is equal to or |arger
than the criterion, it is considered that not vehi- cle is present in the
l'ight projecting direction at |east %t hat tinme (step 4010). O herw se,
it is considered that a vehicle 48 |§3Bresent in the light projecting
direction (step 4012). The

58
504

48
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local controller 66 wites the result obtained in step 4004, 4010 or 4012
in the vehicle informati on nenory of the general control section 72 (step
4014). The foregoi ng sequence is repeated for each distance sensor 134
until its light emtting and receiving elenent 136 is turned on 32 tines
so as to scan their coverage in the |lap §e¥crossi ng direction (step 4016).
The | ocal control unit 66 conbl nes the information witten 1in the vehicle
i nformati on nmenory in t hef&ga (Ol unit (step 4018) and
pre-processes (step 4020) >r,v68d cal cul ated the position of
the vehicle 48 in the | ang ection and a width of the vehicle

48 (step 4022). In ot 66
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. words, the position and width of the vehicle 48 can be known on the basis
of the principle shown in Fig. 43. Since the line 64 conp rising
white and bl ack patterns is-not necessary in this enbodinent, no traffic
will be blocked so as to namintain the line 64. Further, it is possible to
prevent problens that the position gf,3yhe vehicle in the | ane crossing
direction or the width of the vehicle beconmes unreliable or cannot be
detected due to rain, snow or dust covering the line 64. Further, this
enbodiment is free froma problemthat the distance neasurenent cannot be
performed because the vehicle 48

74
T 7
RADIO |
SECTION [~76
80 78
/ /
CONTROL READER |__
SECTION WRITER

82

Fig. 9
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.86 stays on the line 64 for a long period of tine. Still further, a
plurality of the distance sensors 134 are arranged in the |ane crossing
direction with the angle of depression a in the vehicle advancing
direction, and can detect the vehicle with high resolution. This

enbodj ment, does not require any high-powgred |aser beans, and is free from
any problemthat the level of reflected light beans is affected by the
front or rear window of the vehicle, or by snow or the |ike covering the
road surface. (11) Fifth Enbodi nent 5
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Fig. 48 is a perspective view show ng an external appearance of a system

according to a fifth enbodi nent. The upper portion of the distance sensors
134 are covered by a sun/rain screen 144. The sun/rain screen 144 enabl es

the systemto be installed in areas which may suffer from heavy rain such
as squalls, or may be exposed to the ]i&s/o]ng sunshi ne and prevents the rise
I ntenperature of the distance sensors Af’ and the peripheral thereof.
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87 WHAT IS CLAIMED | S: 1. An automatic debiting system conprising:
a first gantry disposed so as to span a road having a predeterm ned nunber

of | anes; a second gantry di sposed so as to span said road and posi -
tioned on a downstream side of said first gantry along a vehicle advancing
directjon; . debiting means arranged on said first gantry for radio

communi cating with vehicles travelingiggig road to inpose tolls

((START )

TOLL COLLECTION START COMMAND |~1000

DEBITING PROCESSING  |[~1002

|

THIS PROCESSING REPEATED

|
TOLL COLLECTION END COMMAND |~1004

END

" Fig. 12
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t her eon; debi-ting confirmation neans arranged on said second gantry
" for radio comunicating with vehicles traveling said road to confirmthat
tolls have been correctly inposed thereon; passage position
detection neans for detecting passage positions in the |ane crossing
direction_of said vehicles traveling said road; phot ogr aphi ng poi nt
deci si on neans for deciding points td2/&7 phot ographed in accordance wth
sai d passage positions in the Ilane crossing direction so as to photograph
at least vehicles fromwhich confirmations have not been obtained that
tolls have

DEBITING PROCES-
SING START

FIRST GANTRY DEBITING PROGESSING -
(DEBITING PROCESSING FOR IUSIDE  |~1006
SMART CARD)

VEHICLE CAPTUREON __ |~1008

VEHICLE CAPTURE OFF |-1010

l
STATIC IMAGE PHOTOGRAPHY OF | 1012
VEHICLE REAR PART

1014

SECOND
GANTRY CONFIRMATION ABNORMAL
PROCESSING |
NORMAL] 1016 1018

DEBITING NORNAL ABNORMAL VERIGLE

PROCESSING (DEBITING CONFIRMATION PROCES-
DATA TRANSMISSION) SING (DEBITING ABNORMAL
DATA + IMAGE DATA
PROCESSING)

CEND )

Fig. 13
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been correctly inposed thereon; and ~illegal vehicle photographing
neans for photographing said points to be photographed which have been
determ ned by said photographing point decision neans. 2. An automatic
debiting systemaccording to claim1, further conpri si ng:

13/37
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a plurality of detection elenents enbedded for each | ane along the |ane
crossing direction output signal values of which vary in response to the
passage of a vehicle through the vicinity thereof; sai d passage
position detection neans determ ning said passage positions in the |ane
crossing di.rection in accordance wth the positions of said detection

el enents whose out put signal values have vari ed. 3. An aut omatic
debi ting system according to claim1, ¥¥hher conprising:

- VEHICLE
ADVANCING DIRECTION
—_— .48
: 48
@ 60
==
_ _ LOW SENSITIVITY
. THRESHOLD
b LOOPCOIL ' ) i HIGH SENSITIVITY
OUTPUT WAVEFORM __Jl ' ' {\__ THRESHOLD
€ HIGH SENSITIVITY
OUTPUT WAVEFORM
d LOW SENSITIVITY |
OUTPUT WAVEFORM ~ | L
S T
Fig. 15
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- vehicle type identification means for identifying the type of a vehicle
traveling on said road, sai d passage position detection neans

determ ning said passage positions in the |ane crossing direction in
accordance wth the type of the vehicle identified by said vehicle type
I dent-i fi cation means. 4. An agbgg&tic debiting system according
to claim 3, further conprising: a plurality of detection elenents
enbedded for each Iane along the |ane crossing direction and.whose out put

si gnal val ues

b NO VEHICLE
'C WHITE VEHICLE —

—W BLACK VEHICLE —
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.vary in response to the passage of a vehicle through the vicinity thereof,
said vehicle type identification neans conparing the output signal val ues
of said detection el enents whose out put signal _

89 val ues have changed with the output signal values of the other
detection.elenents, to thereby identif he type of the vehicle, sai d
passage position detection neans de%éf ning said
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. passage positions in the |lane crossing direction in accordance wth the
type of vehicle identified by said vehicle type identification neans

and with the positions of the detection elenments whose out put signal

val ues have changed. 5. An automatic debiting systemaccording to claim

4, wherein said plurality of detection elenents are inductors whose

i nduct ances vary in response to the phdéadfe of a vehicle through the

vicinity thereof and whose output signal values vary in anplitude and
phase in response to ip& variation of the induc- tance.
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.6.  An automatic debiting systemaccording to claimb5, said vehicle
type identification neans incl uding: nmeans for judgi ng when the

out put signal values of said inductors have changed, whether the out put
signal values after <change are relatively small values or relatively |large
- val ue,- respectively; means for estimating, for an inductor whose
output signal value after change is &8/éFVatively small value, that the
vehicle which has passed through the vicinity thereof is a |ightweight
vehicle type having a relatively small mass; and
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nmeans for estimating, for a inductor of which output signal value aftér
change is a relative large value, that the vehicle
90 whi ch has passed through the vicinity thereof is a heavyweight vehicle

type having a relatively | arge nass. 7. An automatic debiting system
according to claim®6, wherein _ S 'ﬂ gassage position detection means
I ncl udes: means for conparing mf% 3% reference distance a di stance
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_between a first inductor through the vicinity of which the vehi- cle
estimated to be the |ightweight vehicle type has passed and each of the
second i nductors through the vicinity of which the vehicle estimated to be
.the heavywei ght vehicle type has passed, out of the inductors whose out put
si gnal- val ues have changed; means for assum ng, in the presence of
at | east one second inductor having 8@a/37di stance smaller than said
reference dis- tance, that the vehicles which have passed through the
vicinity of the first inductor is identical to the vehicle which has

passed through the vicinity ' | east one second i nduc-
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tors, and also for estimating the passage position of this vehi- <cle in
the | ane crossing direction; and means for assum ng, in the absence
of the second inductors having said distance snaller than said reference
di stance, that the vehicle which has passed through the vicinity of the
first - inductor is an independent vehicle, and estinmating the passage
position of this vehicle in the |ine 2¥6%%ing direction. 8. An autonatic
debiting systemaccording to claim?7, wherein
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91 sai d passage position detection neans includes: curve
" approxi mati on neans for approxi mating contexts of approximtion points by
a curve, said approximtion points being timngs at which variations have
~appeared in the output signal values of a plurality of inductors through
the vicinity of which the sane vehicle_has been estimated to have passed,
out of the plurality of inductors mﬂ%éé7output si gnal val ues have changed;
and
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means for estimating that said passage position in the |ane crossing
direction of said vehicle which has passed through the vicinity of said

plurality of inductors lies on an inflection point of said curve. 9.
An automatic debiting systemaccording to claim8, wherein sai d
passage position detection neans includes: means for determ ning

.alternative approxi mation points the 23udber of deficient approximation
poi nts and in accordance with the n1ng where variation has appeared in

the output signal values g~ SallQWSENT t=quctors, the first inductor and
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second i nductor of inductors whose output signal values have changed
" having a distance snaller than the reference di stance and whose nunbers

are both deficient for the curve approxi mation. 10. An autonatic
~debiting systemaccording to claim8, wherein said curve is a quadric
curve, .11, An automatic debiting systemaccording to claim®6, wherein
24/37
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92 sai d passage position detection neans includes: means for
‘estimating the passage position of a vehicle in the |ane crossing
direction, in accordance with the position and timng of variations of

out put signal values of a plurality of second inductors in close proximty
to each other, said vehicle which has passed through the vicinity of said
plurality of second inductors, out ofsi/sductors whose output signal val ues
have changed, being estimted to be a heavywei ght vehicle type. 12. An
automati c debiting systemaccording to claim®6, wherein sai d passage
position detection neans .i ncl udes:
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means for detecting an initial transitional time during which the output
'signal value changes froma relatively small value into a relatively |arge
value, and an internediate transi- tional tine during which the out put
signal value changes fromthe relatively small value back into the
relatively.large value for an inductor whose output signal value first
changes into the relatively small vala&/,3%hen changes into the relatively
| arge value and then changes again into the relatively |arge val ue;

means for conparing said initial transitional time with said internediate
transitional tine; means for estimating that a plurality of

peri ods §
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positioned before and after said internediate transitional tinme and whose
out put signal values have a relatively large value represent a common
vehicle in the case of a shorter internediate transitional tinme conpared
wWth the-initial transitional tine; and )

93 < nmeans for estimating that a plurality of peri ods

posi tioned before and after said interampgsate transitional tine
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and whose out put signal values have a relatively large value represent
different vehicles in the case of a longer interne- diate transitional
time conpared with the initial transitional time. 13. An autonatic
debiting systemaccording to claim1, wherein said passage position

det ect kon neans i ncl udes:. | i ght and shade pattern photographi ng neans
for photograph- 1ing a |ight and shade pattern forned on the road; and '
passage detection nmeans for detecting ¢®&3passage of a vehicle over the

| ight and shade pattern in accordance with the N

™
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REPLACEMENT SHEET |,

| oive 17,405 g0

L e & e




di sturbance of the |ight and shade pattern in the inage photographéd by

the light and shade pattern photographi ng neans. 14. An automatic
debiting system according to claim 13, wherein said |ight and
shade pattern photographing neans are ar- ranged at positions allow ng the
phot ogr-aphi ng of the vicinity of the boundaries of the | anes. 15. An

automatic debiting systemaccording to28//87m 1, further conprising:
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passage speed detection nmeans for detecting speeds of vehi- cles which

have passed under said first gantry; and phot ogr aphi ng ti m ng
regul ati on neans for regulating the .

94 phot ographing timng of the vehicle in response to results of speed
det ecti on. 16. An automatic debiting sg§}§g1according to claim1,
further : '
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conpri si ng: a vehicle specification neans for correlating the results .
of = communi cati on between sai-d debiting neans and the vehicles with said
vehi cl e photographed by said illegal vehicle photographing neans. 17.
An automatic debiting systemaccording to claim1l1, wherein a
plurality-of |anes are provided under said first and second gantries.

18. An automatic debiting system according /g claim1, wherein
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sai d predeterm ned nunber of |anes are arranged under said first and
setond gantries so that said vehicles are capable of free |ane traveling.
19. An autonatic debiting system according to claim 1, wherein
said illegal vehicle photographing means photographs |icense plates.

20. An autwomatic debiting system according to claim1, wherein the passage
posi tion detection neans conprises a |ligh2/8Wtting
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device for emtti.ng a |ight onto the road, a | i ght

95 device for receiving a reflected light, and means for

along the | ane crossing direction by the light emtting]
poi nts of

for causing emtting of the light at discrete
met hod_of ydebiting conprising the steps of:
comuni cation for inposing tolls on a 33/37
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recei ving
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vehicl e between a first gantry di sposed so as to span a road having a
predeterm ned nunber of Ilanes and the vehicle traveling on the road;
executing radio communi cation for confirmng that tolls are normally

i nposed on the vehicle between a second gantry di sposed so as to span said
road amd &r¢anged on a downstream side of said first gantry in a vehicle
advancing direction and the vehicle traygjsng on said road;

detecting a passage position in the lane crossing direction of the
vehicl e traveling on the road; determ ning the points to be

phot ogr.aphed i.n accordance

138 7— o
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AUTOMATIC DEBITING SYSTEM SUITABLE FOR FREE LANE TRAVEL]NG

An automatic debiting system and method suitable for free lane traveling. Debiting antennas
(50) disposed on a first gantry are used to communicate with an in-vehicle unit (TU62)
mounted on the vehicle (48) for debiting. The passages of the vehicles (48) are detected by the

e v a———— et

loop coils (60) or line scanners (58), and the license plates, etc., of the vehicles (48) are !

photographed by enforcement cameras (50). Debiting confirmation antennas (58) on second
gantry (46) are used to communicate with the IU (62) for the confirmation of debiting. When
the normal debiting is confirmed, a local controller (66) informs a system central controller
(68) of the fact, whereas when abnormal debiting is confirmed, images of the license plate,
etc., of the illegal vehicle are transmitted to the system central controller (68) as illegal vehicle
images (48). The debiting is thus possible at the time of free lane traveling.

Fig. 1



