AR

AUS946940%

(12) PATENT ABRIDGMENT  (11) pocument No. AU-B-69401/94
(1 9) AUSTRALIAN PATENT OFFICE (1 0) Acceptance No. 682696

(54) Title
A METHOD AND A DEVICE FOR THE R_GISTRATION OF THE MOVEMENT OF A VEHICLE
_ Internationatl Patent Classification(s)
(51)° Go1Cot11/702 G078 015/00 GO7C 009/00 G08G 001/017
(21) Application NO : 6§9401/94 (22) Application Date : 27.05.94

(87) PCT Publication Number : W094/28377

{30) Priority Data

(31) Number (32) Date (33) Country
9301842 28.05.93 SE SWEDEN
9303202 30.09.98 SE SWEDEN

(43) Publication Date : 20.12.94
(44) Publication Date of Accepted Application : 16.10.97

(71) Applicant(s)
SAAB-SCANIA COMBITECH AKTIEBOLAG

(72) Inventor({s)
RUNE JONSSON; FOLKE ISAKSSON

(74) Altorney or Agent
DAVIES COLLISON CAVE, 1 Little Collins Street, MELBOURNE VIC 3000

(58) Prnior Art Documents
AU 69402/94
JP 60-10112
SU TT7427

(57) Ciaim
1. A method of registering displacement of a vehicle relative to the ground,

said method including the steps of:

providing camera means located at a distance above the ground, said
camera means including at least one pair of video cameras spaced from each
other in a direction substantially parallel to the plane of the ground;

directing the camera means so that images produced by the cameras
overlap each other at least partly to produce a pair of sterec images, so that when
a vehicle is monitored by the camera means, contrasting fields in the images
which represent parts of the vehicle that are spaced from the ground, appear
displaced relative to a common reference;

providing image processing means for comparing the displacement of the
contrasting fields to a displacement which would be expected if the vehicle were
replaced by an object not higher above the ground than the lowest vehicle likely
to be monitored, the tesult of the comparison providing a positive indication of the

position of the vehicle to facilitate tracking subsequent displacements of the

vehicle.



L]

T

woae e s7jai7os  rer winsts verssesaroones INIIIIININNIA

AUL 69401
IN
(51) lnternational Patent Classification 3 : (1) International Pubiication Number: WO 94/28377 ]
GO1C 11002, GO7B 1500, GO7C 9/00, Al ) )
GO8G 1/017 (43) International Publication Date: 8 December 1994 (08.12.94)
(21) International Application Number: PCT/SESH00503  (81) Designated States: AT, AU. BB, BG, BR. BY, CA, CH, CN,
‘ CZ, DE. DK, ES, F1, GB. HU. JP. KP, KR. KZ, LK, LU,
' (22) International Filing Date: 27 May 1994 (27.05.94) LV, MG, MN. MW_NL, NO, NZ, PL, PT, RO. RU, SD,
SE. SK. UA. US, UZ, VN. European patent (AT, BE, CH,
DE. DK, ES, FR, GB, GR, [E, IT, LU, MC, NL, PT, SE),
(30) Priority Data: OAP! pateat (BF, BJ. CF, CG, CI. CM, GA, GN, ML, MR,
9301842-2 18 May 1993 (28.05.93) SE NE, SN, TD. TG).
9303202-7 30 September 1993 (30.09.93)  SE
@ Published
{71) Applicant (for all designated Srates excepr US): SAAB- With international searck repor.
SCANIA COMBITECH AKTIEBOLAG [SE/SE) P.O. i English translation (filed in Swedlisk).

Bex 1017, §-551 Bl Jonkoping (SE).

{72) Inventors: and

(75) Loventors/A pplicants {for US onfv): JONSSON, Rune {SE/SE}
Hedbomns Gata 45, S-582 49 Linkdping (SE). ISAKSSON,
Folke [SE/SE]; Tanneforsvigen 21B. S-582 52 Linkdping
(SE).

T 682696 |

(74) Agent: LUNDQUIST. Arne: Sasb-Scania AB, Patent Uept., S-

(54) Title: A METHOD AND A DEVICE FOR THE REGISTRATION OF THE MOVEMENT OF A VEHICLE

(57} Abstract

22
2

A method 2nd device for
fegistering the successive posi-
tions of displacements of a vehicie
by means of pairs of video cam-
eras (9}, which are located at a
distance above the ground for the
vehicle (2). The camems are at a
distance from cach other and di-
rected each so as o record the
ground (2) as arcas which overap
cach other. Hereby, in the cam-
eras, pairs of sterec @vords are
produced, which are compared in
an prage processing. With the aid
ot the different positions for such
vehicle contours (24, 25), whick
are located at different height lev-
els above the ground, such a con-
tour is selected which through
substantial displacement between
the two records is indicated o be
located ai & distance above the
ground. This vebicle contour (25)
is used in the image processing as
an indicator in the tracking of the
displacement of the vehicle.
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A METHOD AND A DEVICE FOR THE REGISTRATION OF THE MOVEMENT OF
A VEHICLE
FECHNICHKEERR.
The present invention relates to a method and device for registering
the successive displacement of a vehicle. A foreseen and important area
of application is the registration of the displacement cf a vehicle
in a road toll facility from a place of entry to a place where recording
of the number plate or cother characteristic of the vehicle can take

place.
-BACKEROGND

It is known to arrange road toll facilities for automatic fee debiting,

see for example US,A,4,104,630 and US,A, 4,303,904,

Thereby, it is understood that the majority of vehicles that pass the
road toll station are provided with a receiver-transmitter unit for
radiowaves, a so-called transponder. The road toll facility camorises
an arrangement by which commnication by radiowaves can take place with
passing vehicles, This arrangement comprises transmitter and receiver,
a transceiver, for the radiowaves by means of which equipment payment
and debiting operations can be effected for the passing vehicles that
are provi ® ? with said transponder. For this technique camwpars

US A 4,0%5,.32 and US A 4,242,661 for example.

However, it mav occur, that the teoll facility is passed by vehicles
which are not provided with any transponder and therefore cannot be
identified by means of the radiowaves. For identification of such vehicles,
if these attempt at passing the toll facility without paying toll, the
toll arrangement is provided with camera devices for image registration

of the number plates of the vehicles in questicn for search and post-debi-
ting. Such need be performed not only of vehicles that lack a transponder,
if pre-paymwent is understood and sufficient means is lacking or if an ap-
proved payment operation cannot be performed for any other reason despite
the presence of a transponder, post-debiting shall also be performed.

The most advanced svstem for road tolls of this kind is adapted to a dreat

flow of traffic in free formation. In such an arrangement it will be
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possible that the vehicle is displaced a certain distance fram the time
when a registration has been possible to make of whether the vehicle
is identifiable through microwaves or not and until the recording of

the number plate can occur.

During this displacement a differentiating must be maintained between
such vehicles for which search and post-debiting shall take place, and
such for which pavment has been assured by means of a transponder. This
requires that the toll facility is provided with an eguipment for the
ragistration of the successive forward displacement of the vheicle,

so that it is ensured that the image is registered for the correct wvehicle,
i.e. a vehicle which on passing the road toll has been established to
have dissatisfactory pavment status. This positicning check shall thereby
be effected while several vehicles travel in a free flow with possible
lane changes when passing through the road toll facility. The check

shall be possible to perform of the vehicle at full speed whereby a

very short time is available.

In order to perform t' is positioning check during the displacement in

the toll facility and through the recording site it has been suggested

to use induction loops in the roadway. With the aid of these it is possible
to detect the displacement of the metal mass of a vehicle and follow

the displacement of the vehicle in the direction of travel and also

detect possible side displacements.

Such a device is however expensive and difficult to install as it must
be countersunk into the rocadway. It is also difficult to render it
sufficiently selective, so as to in effect guarantee that no confusion
between vehicles moving in a complex movement pattern at high speed
occurs. Moreover, certain vehicles such as motor cycles can be difficult

o register at all.

DEZTRIPTION OF THE INVENTION /

are ugsed for the registration, arranged

_//

In the invenzion, video
s"apove the roadwav. In the image planes of the cameras
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According to one aspect of the present invention there is provided a
method of registering displacement of a vehicle relative to the ground, said
method including the steps of:

providing camera means located at a distance above the ground, said
camera means including at least one pair of video cameras spaced from each
other in a direction substantially parallel to the plane of the ground;

directing the camera means so that images produced by the cameras
overlap each other at least partly to produce a pair of stereo images, so that when
a vehicle is monitored by the camera means, contrasting fields in the images
which represent parls of the vehicle that are spaced from the ground, appear
displaced relative to a common reference;

providing image processing means for comparing the displacement of the
contrasting fields to a displacement which would be expected if the vehicle were
replaced by an object not higher above the ground than the lowest vehicle likely
to be monitored, the result of the comparison providing a positive indication of the
position of the vehicle to facilitate tracking subsequent displacements of the
vehicle.

According to a further aspect of the present invention there is provided an
apparatus for registering displacement of a vehicle relative to the ground. said
apparatus including:

camera means located at a distance above the ground. said camera
means including at least one pair of video cameras spaced from each other in a
direction substantially paralle!l to the plane of the ground and directed so that
images prroduced by the cameras overlap each other at least partly to produce a
pair of stereo images, so that when a vehicle is monitored by the camera means,
contrasting fields in the images which represent parts of the vehicle that are
spaced from the ground, appear displaced relative to a common reference; and

image processing means for comparing the displacement of the
contrasting fieids to a displacement which would be expected if the vehicle were
replaced by an object not higher above the ground than the lowest vehicle likely

to be monitored, the result of the comparison providing a positive indication of the

RS O ANSMORTMAREQARNCOE €eits D08
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position of the vehicle to facilitate tracking subsequent displacements of the

vehicle.
A preferred embodiment of the present invention will now be described

with reference ta the accompanying drawings wherein:-
Fig. 1 shows in perspective a road toll arrangement;
Fig. 2 shows a biock diagram for the main functions of the arrangement;
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F1g. 3 shows schematically an arrangement cf two video cameras for said

reqistraticn of the successive displacement;
Fi 4 shows two surerimposed steres recoras;

shows these two sterec reccrds brought together: and

Fig. =
Fig. & shows a position of displacement of the vehicle other than that

shown in Fig. 5, that is when the vehicle has reached the recording

site.

PREFERRER-DMBODIMENT

According to Fig. 1 an automatic road toll facility according to the

invention is provided with a gantry 1 which extends apove a road 2,

which has three lanes 3 in which vehicles 4 of different kinds can proceed
through the portal-like gantry 1. The traffic is not limited to keeping
in a lane but is allowed to perform lane changes and over-tikings. It

is thus a free-flow system, which as little as possible shall disrupt

the rraffic Sflow.

Cn the gantry, there are attached two light fittings & and a mumber

of transmitter and receiver units U for microwaves, three of which are
shown here, including antennae for these. In addition, there is on either
side a video camera 8, directed at the aporoaching traffic flow to register
vehicles which unpermittedly are driven on the verge. In addition, at

the tcp center of the gantry a pair of videc cameras 9 are shown. directed
downwards at the traffic flow. Alternatively, several such pairs of
cameras can be arranged. Furthermore, cameras 10 in three pairs of video
cameras 10 are directed towards and away from the traffic flow. These
pairs of cameras are shown lccated approximately at the centre of the
respective lane 3. In each pair cne cf the cameras is directed against

By~ &

and cne along the direction of the traffic flow.
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All this equipment 1S connected o a central facility 1l Ior the control
of same and for processing recorded data. This central facility is in

turn connected +o a central net for further comminication.

The main functions and .oncticon units of the arrangement are evident
from the block diagram in Fig. I. Therein, 12 designates the equipment

understocd to be provided in the majority of vehicles 4.

Such an equipment can be a transponder unit 13, which is arranced to
pick uvp microwaves and transform them into an answer signal comprising
information for the identification of the vehicle, and in additionm,

an intelligent card for transmitting data via the transponder, which
data in addition to certain identification data. can censist of data
regarding pavment conditions (if debiting shall cccur or if pre-payment
via & pay card 14, smart card, has been made).

Cther elements in the block diagram relate to the staticnary equipment.

Cn the gantry there are leocated the transmitter and reciever egquipment

7 for microwaves, video cameras 8 and the camera pair % as well as the
video cameras 10, which are all identified by the same numbers in the
block diagram. Qther elements belong to said equipment with which the
equioment on the support camunicates. This eguipment ¢an cooprise a

unit 11 for checking the transmitter and receiver equipment ~ and which
controls the debiting of vehicles which are provided with the equipment 12,

In addition, there is said equipment for checking vehicles wnich are

not provided with any unit 12-14 and for which there is a need for
identification in a different way, and examinaticn for post-debiting.

This equipment comprises the camera pair 9 for the detection and tracking
of vehicles which lack the correct equipment 12, and video cameras 10

{only two of which are shown) for recording the number clate of the
vehicles that shall be checked particularliv. Video cameras 10 are connected
to the unit 1l for controlling the exposure cf the vehicles that shall

be checked particularly and for collecting registered video records,

and possible canpression and storine ~f same. These records can be
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camunicated to a central facility 16 Ifor post-processing in connection

with search and post—debiting of vemicles that have passed without paving.

3roadly, except Sor the arrangement with the cameras 3, this sysram

corresponds te what has been stated in the introducticn as Known. However,
there is within the svstem a part selution that reiates to the system

for the successive position registration of vehicles between the place

of encry into the road toll facility and registration of the identificatien
images. This part scoluticn forms the basis for the subsequent Claims,

and shall be described in the following.
As menticned, registration of debiting shall take place, In the ordinary
case througn subtracticn Irom a gre-pald card, smart card, when tne

vehicle passes the road tell facilitv. This case leads to the following

operaticnal steps:
The vehicle approaches - the microwave transmitter is activated.

Command is transmitted - the transponder of the vehicle answers
- the microwave transmitter registers the posivion of the vehicle
and checks pavment status.
Debiting cccurs - throuch activetion from the transponder the debiting
is registered in the vehicle.

Repcrting to the central unit of performed transacticn.

If however the vehicle is not equipped for automatic fee debiting or
does not have approved payment status, means lacking on the card or
an account not having been approved, the vehicle must be registered
throuch video reccrding of its number plate. This shall occur when the
) vehicle 1s in a certain position, the recording site, relative to the

respective cameras 10. F the moment when the position of the vehicle

has first been registered and until the vehicle has came in positicn
for recording, it shall be tracked. Such tracking ©r successive position

registration must be pessible to perdorm, lrrespective ¢f the speed
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of the venicle, changes in speed and changes in tne direction of travel.
Recording Sor post-processing shall only, under maintained rdentariicaticn,
be reqistered Ior such vehicles for which no approved fee debiting has
been performed by means of the described interaction between the microwave
transmitser and the venicle equipment with 1ts transponder.

3

The successive position registration is perficrmed with the a1d of the
video cameras 9, the pair of cameras co-operating with an eguipment
for image processing. The coerational sequence for the camera units

and the image Drocessing equigment comprises the following steps:

‘i

rivation ocowrs either via the microwave rransceiver andsor
directiv in that the venicles enter the wage I:eld of any cne

£ the cameras 2.

£y

The successive position registraticn by means of the cameras is

initiated,

The position, such as it apepears fram the position in the uvage
field of the two co-coerating cameras, is correlated to one in
the same moment, with the aid of the pesition that the microwave
transceiver can register for vehicles provided with a transponder,

If througn the microwave transceaver aporoved payment is registered,
the system i1s made passive for the successive position registration

of the vehicle in guesticon.

If however approved debiting couid not be performed, the successive
position registraticn of the vehicle in guesticn continues.

Along the contcur of the registered vehicie a marker is placed
on the spot where a number plate is suppesed o be .iocated -~ possibly
a marker can be placed both in the pesition of the front number

Y

plate and of the rear number plate.
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15 a fixed marking for the image field

e

()I
g

In e 1mage Iiel
of the recoriing Jamera Or CImeras.

When the venisle marker has reached the marker of the recording
camera It is activated for tne recording of the nuwber plate or

plares of the vemcle.

The recording can be connected to & registraticn of data such as

time and place and data regarding the venicle such as Its type

(passencger car, bus, truck, motor coyolel.

The produced records are storsd for processing, SO

= . R s = . ac .
of the oll and nossikle fine can be ellected.

According teo the here civen flow scheme only the vehicles that by means
of mxcrowave communicaticon have been stated not t2 have approved pavment
status are recorded. This means that the vehicle must be tracked while
the pavment and checking cperaticn is performed upto the recording site.
This gives a relativelv extended toll facility area since the payment
coeration requires a certain time during which a fast vehicle travels
a relatavelv long distance. To this distance adds the distance that
is required Sor the recerding site. In the wheie distance., tIacking
mst he rerformed which glves a correspondingly extended monltoring

n

area for the videc cameras.

In an alternative sciut:cn, the number plates cof all incomung vehicles

are recorded and tracked thereafter during the pavment operaticn ncluding
the checking cperation ¢f pavment status. The recorded vehic.es can
hereafter be separated into two groups, Jirstly such that can make the
Sorrect paweent and secondly such that cannct, Tor the latter the recording
of the muber Tlates are given a special Zarking which indicates that
test—debizing shall be performed. Freferably, this marking OCCurs i

that only these recerds are registered finaily while all cthers are
deleted Irom the sIoring means. ~hach can be a magretic disc for example.

3y performung the pavment checking and recomiing cPeration it this way
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~ 5 s ~ 2 - -
alone the same Jdistance, tThe Tota. JASTANTS IoT tne cperatidna. ares

S b v e
cf the o2ll arrangement 1S redcuoet.

which one of these two described cperationd. Semences 13 Chosen Joes
-~

-n = = X N -
ot 3ffect the maln funcricon of LI3cKang the venlil.e oeomeans oI T

gamers parr 9.

- ~

.= < . . .
Sven 1F recording the number glate Or Cther CRaracieristis 1S tndersied

here. 1t 3oes not exclude that recording can be pericrmed In any cther
wav, Sor example by reading the mumber Sode of e Tiate or any other

jo v N

In the fallowing, the image processing shall now e described fronm the
sime when both video cameras :n the pair 2 are activated until the
successive position txacking has been concluded woen the payment status

of the vehicle has beer established and possibly registered.

In the successive position regastraticn, by electronic processing of
the images of the video cameras only, there are certain croblems, which
mst be eliminated. The majer croblem s how the contour and JSONTTasts
within the vehicle could be separated Srom other contours and contrasts

in the i field, wnich co not represent this particular vehicle.

Such contours can appear through shadows frum obhects in the surroendings

and above 211 spwahle shadows from simultanecusiv passing venicles.

i W
In addizicn, there mav be refliections, especially at rawny weather.
Such Erencmens agrear on or immediately above the roadway, While every
venicle that shall be registered has a certain hewght. Conseqeently.

ay e

only the contcurs of oblecis that are rresent wWith any portion at a

gertain height above the roadway are recerded ané wracked. saxd height
however nct being in any way predetermuned: vehic.es 2% many 3i8F T
kinds can pass the road tell fadiiaty. How tas is achaeved 13 evadent

- s .~ - .
from the fcllowing, woerern Fig. 3-8 are Jefexrred to.

TS

- " -

in Fi1g. 3 1% 1S shown, in @ view seen in e RoriIofiita. Jsrectich, 3
5 . < . N — e . .

poertion of the road todl gate 1in F13. Z. for adentifal IunClidna. Darts

rhe same designations nave been used: thus represented are the road
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and 3 venrcle d4. as well as owe video cameras

-8

-

e = . LA -
' Torm said uniz. Fig. I L3 more scnematil than FIg. -

QCh nas not the Same DTTRCITICES.

i ARl

- ~ < e
The wo video cameras are JirectsC 0 38 I8 TVEer_3p 8ath TthNer & make
M 3
. N

srtance S-om sach other

~

field at lsast in part, They are

and the overlapping s acmieved 1n that they aTre dirvectad with thelr
obhectives I towards eadn other. Stitakly, tney are so directed That

f

W ’ ¥ b % %

thelr respective oentral axes D1 Hhrough the ODTECLIVES ® v @acnh 2ther
~ -~ - hg =~ - % ~ - -

in the roadway Z. From chis folligws wWhat o the mace planes 1 o the

WO Cameras, & sterec recard apoears. 1.8, Two Irecords tnat show the

- = g .
ShjecT 1 JuesTIion Irom Twe JiITersnt aG.es.

-——

By such recording willl Cameras at 2 di1seance “rom eacn other and with
overlarcing wage fields, an imagined plane <an be 21333 throuch the
respective chlectives, which twe planes intexsect i 2 Jetarmuned line
at a distance Srom the cameras. In the arrangement showm 1t Fig. 3 it
is shown Sor the left camera that this giane is located in the central
axis 21 of the chiective, and thereby Iomms 3 gentre line o the image
clane I2. The right camera 2 is direceed in the same way. The setting

of the cameras is such that these central planes hut each cther i the

roadway - right at the centre between the Cameras the 1magined planes

are perpendicular ta the plane of the paper'. Hereoy, tne records produced

w the two cameras of the roadway and on.y of 3t. will correspond almost

.
carpletely.
3 ¥

In positions above the roadway. however, the records in the two Osmeras
3iffer more and more Srom each other the higher apove the roadhay the

ar the

recorded porticn is located. This s showm by additiconal lines

tefs camera. So 1t 13 shown, DOw the contour of an area -4, whach shail

mar< =he Sront or Tear perticn of the vemitle o A saloon model’, will

digpiace rtseli relative O X piane 21 of the centTas axis. The portich

o5, whick is intended to designate the roef of the venicle will be placed
-

< . -~ -
even Iere oQt oo cencre raiative o the Jentra. axias 22, Ia the other

camera the same chencrencn agpears, byt here th Jisplacemert oCCUTS
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relative to the central axis in the opposite directicn. Recording in

this way is called stereo recording.

This is illustrated in Fig. 4 in which it is shown how a conceived image
produced bv superimposing the records of the two cameras would look. It
is evident that the contours 24 have been displaced outwards away from
each other and the contours 25 have been even more displaced from each
cther. By processing the image signals from the two cameras, which is
suitably performed digitally, contours can be detected which are located
at a considerable distance from each other, i.e. contours of porticons
which are located at a certain height above the roadway. Suitably, larger
areas are selected high up, suitably the roof of the vehicle or in case
of trucks the upper surface of the cargo. By selecting in this way by
means of stereo recording a high portion, at a certain height, of a
vehicle for a detection of its position, the effect of said disturbances
by shadows and reflections in the plane of the roadway can be eliminated.

In the next step of the image processing the contours are joined with

a special marking of the contcour 25, which has been selected for positio-
ning. This is illustrated in Fig. 5. By tracking the marked contour 25
the successive position displacement of the vehicle can be successively
registered through further image processing.

In order to record the place on the vehicle where the number plate is
attached, a marker 26 is attached to this place. By marker it is here
meant a field in a determined position relative to the contour 25, which
in the image processing is used for the successive registration of the
position of the vehicle. As mentioned, the marker is placed over the ex-
ternal contour 24 of the vehicle and encircles the area whetre the numbeér
plate is suppesed to be located. In Fig. 5 it is suggested\gpat the rear
number plate of the vehicle is intended. One of the cameraﬁAshown in

Fig. 1 that are directed in the direction of travel of the passing
vehicles can thus catch the rear plate within its image field. If desired,
the front number plate can alternatively or additionally be recorded.

In Fig. 1 a further arrangement of reccrding cameras is shown. In this
case, a tharker is also positioned at the front contour line of the vehicle.
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At the toll facility shown in Fig. 1 it is understocd that the recording
of both the front and rear number plates of the vehicle shall occur,
which is evident in that the cameras 10 have been stated to be separated
in forward-directed and backward-directed cameras, relative to the
direction of the traffic flow.

The marker can be given the shape of a field or frame inserted as a

part of the recording in the image field of the camera and movable along
with the contour of the vehicle during its displacement. Alternatively,

in the image processing program the marker can be defined with coordinates

starting out from the contour 25.

In the image field of the camera there is one additional or several markers
28. With rigidly mounted cameras, the markers are located at fixed places
in the image field. Similar to the marker 26, the marker 28 can be inserted
in the image field or expressed as fixed coordinates for example. Each
marker 28 designates an area of recording for the recording cameras 10.

During the successive displacement of the vehicle, its recorded contours
are also displaced through the locking of the image processing computer
to the contrast field within the selected contour 25 by the image
processing camputer. This, eventually, causes the marker 26, which is
fixed to the vehicle contour, to be displaced in the image field into
the area for the respective marker 28, which represents the image field
of a recording camera 10. A recording position has thereby been obtained.
This is detected by the camputer, and activation of the recording camera
cccurs, so that an expesure of the number plate of the vehicle is made.

The produced image is stored for example on a camputer disc or is
transmitted to the central computer 16 for storing.

In the arrangement shown in Fig. 1 according to the secondly mentioned
alternative, recording of the front number plate is made in the place
where the activation of the microwave transceiver 7 occurs and the rear
plate is recorded after the vehicle has passed the gantry l. The recording

S S Y
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shall then in the first case be made when the front number plate 26
of the vehicle passes the marker for one of the cameras 10 directed
at the traffic flow and the recording of the rear number plate when
its marker passes the marker for the cameras directed along the direction

of the traffic flow.

Later, a reading of the stored records and post-—debiting of the vehicle
fee and possible fine is effected. Suitably, each record is connected

to certain data produced in connection with the process, such as time

and place, the status of the vehicle, provided with or lacking transponder,

and also vehicle type.

Checking the vehicle type can be of interest for determining the amount
of the fee. Although the vehicle type should be possible to read out,
with the aid of the number plate, froam the authority vehicle register,
a special detection of the vehicle type provides a possibility to check
that any exchange of mumber plates between different vehicles has not

occurred.

For detecting which category, passenger car, bus. truck or motor cycle,
the vehicle in question belongs to, the equipment for the succtessive
position displacement can be used. This equipment provides, as described,
a reading of the height conditions of the vehicle through indication

by means of the contour displacements between the two sterec records,
compare Fig. 4. The greater the displacement, the higher the portion

in question of the vehicle. By using the degree of this displacement

in the image processing, a height gqraph for the vehicle can be produced.
This will for different categories of wehicles have a characteristic
appearance and dimension. So, a passanger car of modern saloon-type

has a front and a rear lower portion, the bonnet and the luggage boot,
and inbetween a higher portion, the passanger space. A bus, on the other
hand, has usually an almost vertical front and rear portion and inbetween
a relatively plane roof. With such shapes as a basis the recorded height
graphs can be detected and fitted into a vehicle category. Cther image
elements as well, created through contrasts in different image fields
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within the vehicle contour can be used for determination of the vehicle

categery.

The method according to the invention of tracking and detecting the
successive displacement of a vehicle by means cf video recording camprises
the recording of stereo images and by camparing these establishing a
contour of the vehicle that is present at a distance from the roadway

an which the vehicle moves. This contour or any part of same cr additional
contours are thereafter used as the image part to which locking occurs

and through whose the displacement in the image field the vehicle movement

can be registered.

In Fig. 3 the principle of the stereo recording is shown in a svmmetrical
arrangement. The cameras 9 are so directed that the central axes 21

of the cbjectives hit each other in a mutual peint in the rcadway 2.
The vehicle 4 in turn is symmetrically located relative to this point.
Especially the latter should occur more seldam in reality. The vehicle
can have different positions sideways within the operatiocnal field of
the cameras. This leads to a displacement of the vehicle contour within
the image field. In spite of this, the described main principle for
positicn registration can be used. This is true even if the camera
arrangement should not be entirely symmetrical or if any cther axis
through the objectives than the central axis should be used as the axes
of reference which shall intersect each cther in the roadway.

The describéd image processing has been desigi.ated as to its main steps.
Further steps can be added such as correcticon of the real image on the
image field of the camera,, which can be distorted, into a correct shape
on the image field of the camera. Other processing steps can also be
added without deviating from the basic principle.

In a camera pair several vehicles can be tracked and registered simul-
taneously. If change of lanes occurs, the vehicle must despite this

fact be possible to track. Thereby, it is either required that one camera
pair covers all the lanes or that the image processing allows the transfer
of a vehitle image between several camera pairs. In the former case
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the arrangement can be reduced to one camera pair if the whole rcadway

is covered by it.

At the first designated alternative it was supposed that only the vehicles
that shall be searched, are tracked and recorded. However, deletion

of the record can be performed at any step of the process, and according
to the second alternative all vehicles can be tracked and recorded but
storing only images of vehicles that shall be searched for.

For selecting such images that shall be post-processed, the transceiver
equipment 7 must work with the detection of vehicles provided with a
transponder. By means of several antennae the position of a vehicle
entering the operational area of the toll facility can be estimated.
This is used for correlating the vehicle identification in the microwave
and camera systems, respectively. A preferred method of operation is
that the cameras 9 catch all vehicles, when they enter the image field.
Simltaneously, the microvave system performs its checking and debiting
operation. When acceptance of this has been registered, which provides
that the vehicle has a unit 12, the momentary position of the wvehicle
is calculated by the microwaves. This positiocn can now be correlated

to the position of the corresponding vehicle in the image processing.
Thereby, this vehicle can be eliminated from the search process.

Finally, it shall be mentioned that the cameras 8 at the verge are suitably
arranged to record all vehicles that are driven on the verge of the

road. Such traffic should always be considered unpermitted if it is

not a case of working vehicles and certain official vehicles.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1 A method of registering displacement of a vehicle relative to the ground,
said method including the steps of:

providing camera means located at a distance above the ground, said
camera means including at least one pair of video cameras spaced from each
other in a direction substantially parallel to the plane of the ground:

directing the camera means so that images produced by the cameras
overlap each other at least partly to produce a pair of stereo images, so that when
a vehicle is monitored by the camera means, contrasting fields in the images
which represent parts of the vehicle that are spaced from the ground, appear
displaced relative to a common reference:

providing image processing means for comparing the displacement of the
contrasting fields to a displacement which would be expected if the vehicle were
replaced by an object not higher above the ground than the lowest vehicle likely
to be monitored, the result of the comparison providing a positive indication of the

position of the vehigcle to facilitate tracking subsequent displacements of the

vehicle.

2. A method according to Claim 1, when used in a road toll facility for
automatically performing a toll debiting operation on passing vehicles, said
method being applied to monitoring/recording of the number plate or other
characteristic of a vehicle when the vehicle has reached a recording site
associated with the toll facility, wherein the image processing means links at least
one monitoring marker to a position in the contrasting field in which the number
plate or other characteristic of the vehicle is expected to be located and wherein
the recording site includes a recording marker such that the camera means is
activated to perform a recording when the image processing means detects that

the monitoring marker linked to the vehicle coincides with the recording marker at

the recording site.
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3. A method according to Claim 1 or 2, including the steps of processing
displacement of the contrasting fields in the stereo images associated with a
vehicle being recorded to produce a characteristic signature for the vehicle, and
comparing the vehicle signature with & data base of signatures for vehicles in
different categories, such as passenger cars, buses, trucks and motor cycles to
produce data indicating the probable category belonging to the vehicle being
recorded.

4 A method according to Claim 1, 2 or 3, when used in a road toll facility for
automatically perfarming a toll debiting operation on passing vehicles, said
method being arplied to monitoring/recording of the number plate or other
characteristic of a vehicle passing the toll facility, said method including the steps
of monitoring a vehicle when it enters the toll facility, tracking subsequent
displacements of the vehicle at least until ability to perform toll debiting is
established and recording the number plate or other characteristic of the vehicle if

the toll debiting operation is unable to be performed.

5. Apparatus for registering displacement of a vehicle relative to the ground,
said apparatus including:

camera means located at a distance above the ground, said camera
means including at least one pair of video cameras spaced from each other in a
direction substantiaily parallel to the plane of the ground and directed so that
images produced by the cameras overlap each other at least partly to produce a
pair of stereo images, so that when a vebhicle is monitored by the camera means,
contrasting fields in the images which represent parts of the vehicle that are
spaced from the ground, appear displaced relative to a commeon reference; and

image processing means for comparing the displacement of the
contrasting fields to a displacement which would be expected if the vehicle were
replaced by an object not higher above the ground than the lowest vehicle likely
to be monitored, the result of the comparison providing a positive indication of the
position of the vehicle to facilitate tracking subsequent displacements of the
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6. Apparatus according to Claim 5, wherein said apparatus is included in a
road toll facility for automatically performing a toll debiting operation on passing
vehicles, the camera means being arranged to monitor successive positions of
each vehicle passing an operational area of the toll facility including at least one
recording site, said recording site including at least one video camera arranged to
record the number plate or other characteristic of a vehicle; and

image processing means arranged to activate the at least one video
camera, said camera means being activated when said image processing means
has detected that the number plate or other characteristic of the vehicle has

reached the recording site.

7. Apparatus according to Claim 6, wherein the road toll facility includes at
least one road unit including radio transmitter-receiver means adapted to
communicate with toll units fitted to vehicles passing the toll facility. the toll units
including radio transmitter-receiver means and being arranged so that upon
receipt of a command from a road unit, the or each toll unit communicates to the
road unit data for performing a toll debiting operation. the or each road unit being
associated with image processing means including said at icast one video
camera for separating vehicles on which a toll debiting operation has been
performed from vehicles on which the tolt debiting operation is unable to be
performed and being connected to means including said camera means for

tracking and recording vehicles on which the toll debiting operation is unable to

be performed.

8. Apparatus according to Claim 7, wherein the road toll facility includes

means for recording data such as the time and place of passage of respective

vehicles.

9. Apparatus according to Claim 8 wherein the road toll facility includes
rheans for detecting the category of a vehicle, and for associating the category
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with the respective recording of the number plate or other characteristic for that

vehicle.

10.  Apparatus according to Claim 7. 8 or § wherein said at least one video
camera is arranged to monitor vehicles entering an operational area of the toli
facility and wherein said image processing means is arranged to track successive
displacements of a vehicle for substantially the entire distance that the vehicle
travels while the toll debiting operation is being performed, each operation being
referred to a specific vehicle, said recording means being arranged so that only
vehicles on which the toll debiting operation is unable to be performed are

recorded.

11. A method of registering displacement of a vehicle relative to the ground
substantially as herein described with reference to the accompanying drawings.

12.  Apparatus for registering displacement of a vehicie relative to the ground

substantially as herein described with reference to the accompanying drawings.

DATED: 31 July, 1997
PHILLIPS ORMONDE & FITZPATRICK

Attorneys for:
SAAB-SCAN!IA COMBITECH AKTIEBOLAG
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