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'A METHOD AND A DEVI CE FOR THE REG STRAW# EMENT OF ApMEH CEE
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A METHOD AND A DEVICE FOR THE REGISTRATION OF THE MOVEMENT OF
A VEHICLE

TECHNICAL FIELD
The pragent invention relates to a mem.cd and device for registering

the successive displacement of a vehicle. A foreseen and important area
of application is the registraticn of the displacement of a vehicle

in a recad toll facility from a place of entry to a place wiere recording
of the number plate cr other characteristic of the vehicle can take
place.

BACKGRCUND

It is knewn to arrange rcad toll facilities for autamatic 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 camprises

an arrangement by which cammnication 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 cperations can be effected for the passing vehicles that

are provided with said transponder. For this technique compare

Us A 4,075,832 and US A 4,242,661 for example.

However, it may occur, that the toll facility is passed by vehicles

which are not provided with any transpender 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 guestion for search and post-debi-
ting. Such need be performed not only of vehicles that lack a transponder.
If pre-payment is understocd and sufficient means is lacking or if an ap~
proved payment, operaticn cannot be performed for any other reascn. despits
the presence 'of a transponder, post-debiting shall also be performed.

The most advanced system for road tolls of this kind is adapted to a great

flew of traffic in free Zormation. In such an arrangemenc it will t
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The present invertion relates te—a nmethod and device for registering the
succes¥¥Q 842Dl acement  of a vehigle. A foreseen and |np(ﬂqré$ﬁ94@95@& of

application is thdhisgh of the displacenent of a vehicle in a
j H entry to a place where recording of the
| |

road toll facility f
nunber plate or ot hey ic o, the vehicle can take place. It

“1s known to arrange road toll faC|I|t|es for autonatic fee debiting, see
for exanple US A 4,104,630 and US, A, 4, 303, 904.

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 payment has been assured by means cof a transponder. This
requires that the toll facility is provided with an equipment for the
registration of the successive forward displacement of the vheicle,

so that it is ensured that the image is registered for the correct vehicle,
i.e. a vehicle which on passing the rcad toll has been established to
have dissatisfactory pavment status. This positioning 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 this positioning check during the displacement in

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

o 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 alsc

detect possible side displacements.

Such a device is however expensive and difficult to install as it must
be c"'t.ntersunk into the roadway. It is also difficult to render i
sufflcz.entlv selective, so as to in effect gquarantee that no confusion
between vehicles moving in a complex movement pattern at high speed
cccurs. Moreover, certain vehicles such as motor cycles can be difficult
ta register at all.

DESCRIDTION OF THE INVENTION

In the invention, video cameras are used for the registraticn, arranged

at a distance above the roadway. In the image planes of the cameras
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Ther eby i% | s understood that the majority of vehicles that pass the road
tol | st H9 Me8T% provided with a receiver-transmtter unit HGQVSES&@#s0naves,
a so-called transponder. The road toll facility conprises an arrangenment by
whi ch communi cation by radi omaves can take place with passing vehicles.

Thi s arrangenent conprises transmtter 3and receiver, a transceiver, for

t he radi owaves by neans of which equi pment paynent and debiting operations
can be effected for the passing vehicles that are provided with said
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vehi cl es which are not provi any transpon or e* cannot

be i dent i} ¥ IFFIMPAPCESGLNT HECrEdi S ddSplacementi oft titisc ari thiesef fiskds
vehicl es,in the image plane in the camera a registraticn of the displacement
can take place successively. By programming in image processing the
position of a recording field of a camera, when the vehicle has reached
this field, an exposure of the mumber plate can take place through the
activaticn of the recording camera. The vehicle, whose displacement
is tracked, has during passing whitin the road toll facility been
registered with respect to pavment status, so that after entry those
vehicles which have dissatisfactory payment status can be tracked and
recorded.

When proceeding through such a process for the successive positicns

of displacement, there are disturbances that must be eliminated in order
to achieve a safe registering. These disturbances relate to ghencmena
such as shadows, wandering fields of light and reflections in the rcadway
etc. According to the invention these disturbances are eliminated in
that, for the detection of the momentary positions of the vehicle, contrast
fields of the wehicle are used that are present at a certain distance
frem the roadway, for examplé the contour of the roof. Selection of

and locking at such a field take place in a process in which stereo
records from two cameras arranged in a pair are processed in an image
analysing process. By excluding in this way what occurs on and immediately
gbove the ground a safe tracking of the vehicle is achieved during the
whole of its displacement until recording cccurs.

DESCRIPTICON CF THE DRAWINGS

In the accompanying drawings a preferrsd embodiment of the inventicn

is illustrated, wherein
THIS SHERT
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Fig. 1 shows"™in perspective a road toll arrangement; PLACED J

Fig. 2 shows a block diagram for the main functions of the arrangement:
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I f these attenpt at passing the toll facility without paying toll, the toll
ar r angweemv283s7 provi ded with canera devices for inage regiPSTISRIVAIDF t he
nunber plates of the vehicles in question for search and post-debi- ting.
Such need be perfornmed not only of vehicles that |ack a transponder. |If
pre-paynent is understood and sufficiemnt neans is lacking or if an ap-
proved paynent operation cannot be perfornmed for any other reason despite
the presence of a transponder, post-debiting shall also be perforned. The
nost adyanc8dstxwst schematigaddd aroblsangbmédy of kiwndvidecadamerad far sagg eat fl ow

of traffic injgige LOUIRL Qs Juk-8lihedl spRligageent It will be
Fig. 4 shows two superimrosed stereo records;
Fig. 5 shows these two stereo records brought together; and

Fig. & shows a position of displacement of the vehicle other than that
shown in Fig. S, that is when the vehicle has reached the recording

site.
PREFERRED EMBCDIMENT

According to Fig. 1 an autcmatic rcad toll facility according to the
invention is provided with a gantry 1 which extends above 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-takings. It

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

the traffic flow.

On the gantry, there are attached two light fittings 6 and a number

of transmitter and receiver units 7 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 approaching traffic flow to register
vehicles which unpermittedly are driven on the verge. In addition, at

the tcp center of the gantry a pair of video 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 shocwn located approximately at the centres of the
respective lane 3. In each pair one of the cameras is directed against
and cne aleng®the direction of the traffic flow.
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-2- - possible that the vehicle is displaced a certain disg t he
t’i e wWHe ﬁq@gi stration has been possible to nmake of V\hef’ﬁg&?‘%@g@ehi cle

All this equirment is comnected to a central facility 1l for the contxol
of same and for processing recorded data. This central facility is in

turn connected to a central net for further cammmication.

The main functions and function units of the arrangement are evident
fram the block diagram in Fig. 2. Therein, 12 designates the equirment

understocod to be provided in the majority of vehicles 4.

Such an equipment can be a transponder unit 13, which is arranged to
pick up microwaves and transform them into an answer signal camprising
information for the identification of the vehicle, and in additiocn,

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

Other elements in the block diagram relate to the stationary equipment.

Cn the gantry there are located the transmitter and reciever equipment

7 for microwaves, video cameras 8 and the camera pair 9 as well as the
video cameras 10, which are all identified by the same numbers in the
block diagram. Other elements belong to said equipment with which the
equipment on the support communicates. This equipment can commrise a

unit 11l for checking the transmitter and receiver equipment 7 and which
controls the debiting of vehicles which are provided with the ecquipment 12.

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

aot provided with any unit 12-14 and for which there is a need for
identification in a different way, and examination for post-debiting.

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

(only two of which are shown) for recording the number plate of the
vehicles that shall be checked particularly. Video cameras 10 are connected
to the unit ‘l'.l for controlling the exposure of the vehicles that shall

be checked particularly and for ccllecting registered video records,

and possible campression and storing of same. These racords can be
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Is identifiable through mcrowaves or not and until the recording of the
nunber WOMEZFAn occur. During this displacenent a di f PEF/SENAOIRBg nust
be mai ntai ned between such vehicles for which search and post-debiting
shal | take place, and such for which paynenr has been assunmed by neans of
a transponder. This requires that the toll facility is provided with an
equi pnent for the registration of the successive forward di spl acenent of
the vheicle, so that it is ensured that the image is registered for the
correct aophrmicated itoea cemvuedl fheiliftyclé dor pEsstprpcelsingpan qaoheéctias been

hal Tt N ey el BRI YRR (et B pad i PR R

wi th possible
Broadly, except for the arrangement with the cameras 9, this system
corresponds to what has been stated in the introduction as knecwn. However,
there is within the system a part solution that relates to the system
for the successive position registration of vehicles between the place
of entry into the road toll facility and registration of the identification
images. This part soluticn forms the basis for the subsequent Claims,
and shall be described in the following.

As mentioned, registraticn of debiting shall take place, in the ordinary
case through subtracticn from a pre-paid card, smart card, when the
vehicle passes the rcad toll facility. This case leads to the follcwing
cperational steps:

The vehicle approaches - the microwave transmitter is activated.

Command is transmitted - the transponder of the vehicle answers
- the microwave transmitter registers the position of the vehicle
and checks payment status.

Debiting cccurs - through activation from the transponder the debiting
is registered in the vehicle.

Reporting to the central unit of performed transaction.

If however the vehicle is not equipped for autamatic 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
through video recording of its number plate. This shall occur when the
vehicle is in a certain position, the recording site, relative to the
respective cifferas 10. Fram the mcment when the position of the vehicle
has first been registersd and until the vehicle has come in positien
for recording, it shall be tracked. Such tracking or successive positicn
registration must be pcssible to perform, irrespective of the speed
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| ane. changes when passing through the road toll facility. The check shall
.be posswdbe28337perform of the vehicle at full speed wher ebBCHSEMEO§03shor t
tinme is avail abl e. In order to performthis positioning check during the
di spl acenent in the toll facility and through the recording site it has
been suggested to use induction |oops ifA the roadway. Wth the aid of these
It is possible to detect the displacenent of the netal mass of a vehicle
and follow the dsplacement of the vehicle in the direction of travel and

al so det getenROgeH;bhe, Thelfeel wlﬁﬁe&%scm%cﬁ Bnd QMirErich BOWRHGS] .
expensive and difficult to install as it
Record.mg for post-processing shall cnlv, unde_. maintained identificaticn,
be registered for such vehicles for which no approved fee debiting has
been performed by means of the described interaction between the micrcwave

transmitter and the vehicle ecuipment with its transponder.

The successive position registraticn is performed with the aid of the
video cameras 9, the pair of cameras co-operating with an equipment
for image processing. The operaticnal sequence fcr the camera units
and the image processing equipment camprises the following steps:

Activation cccurs either via the microwave transceiver and/or
directly in that the vehicles enter the image field of any one
of the cameras 9.

The successive positicn registration by means of the cameras is

The position, such as it appears from the position in the image
field of the two co-cperating cameras, is correlated to cne in
the same moment, with the aid of the position that the microwave
transceiver can register for vehicles provided with a transponder.

£ through the micrcwave transceiver approved payment is registered,
the system is made passive for the successive position registration
of the vehicle in question.

h Y
If however approved debiting could not be performed, the successive
position registration of the vehicle in question continues.

Along the contour of the registered vehicle a marker is placed

on the spot where a number plate is supposed to be located - possibly
a mrker"can be placed both in the position of the front number
plate and of the rear number plate.
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be countersunk into the roadway. It is also difficult to render it

suf fi ciVEQPRAE8IE| ective, so as to in effect guarantee that PGI/EENM00EB0N
bet.ween vehicles noving in a conplex novenent pattern at hi gh speed occurs.
Mor eover, certain vehicles such as notor cycles can be difficult to

regi ster at all.

REPLACEMENT SHEET 8

In the image field there is a fixed marking for the image field

of the recording camera or camer:

When the vehicle marker has reached the marker of the recording
camera it is activated for the recording of the number plate or
plates of the vehicle.

The recording can be connected to a registration of data such as
time and place and data regarding the vehicle such as its type
(passenger car, bus, truck, motor cvcle).

The produced records are stored for processing, so that post—debiting
of the toll and possible fine can be effected.

According to the hera given flow scheme only the vehicles that bty means
of microwave communication have been stated not to have approved payment
status are recorded. This means that the vehicle must be tracked while
the payment and checking operation is performed upto the recording site.
This gives a relatively extended toll facility area since the payment
cperation requires a certain time during which a fast vehicle travels

a relatively long distance. To this distance adds the distance that

is required for the recording site. In the whole distance, tracking
must be performed which gives a correspondingly extended menitoring
area for the video cameras.

In an alternative soluticn, the number plates of all incoming vehicles

are recogded and tracked thereafter during the payment operaticn including
the checking operation of payment status. The recorded vehicles can
hereafter be separated into two groups, firstly such that can make the
correct payment and secondly such that cannot. For the latter the recording
of the number plates are given a special marking which indicates that
post—debiting shall be perfommned. Preferably, this marking occurs in

that only t.“x;se récords are registered finally while all others are
deleted from the storing means, which can be a magnetic disc for example.

By performing the pavment/checking and recording opveraticn in this way

o
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-3- .- It is an object of the present invention to use inmage processing by
Aeans oWOWdR8W7caneras to detect the displacenent of a vehPCTSEINMEIX: of
the-art nay be represented by docunents: Patent Abstracts of Japan, Vol.
9, No. 127, P-360; & JP-A-60 010 112 Derwent's Abstract, No. H8658 D/ 34,
week 8134; & SU-A-777427 US-A-4 555 6189 I n these docunents Patent
Abstracts of Japan, Vol. 9, No. 127, P-360; & JP-A-60 010 112 discloses a
nmet hod for registration of the position of a vehicle by use of conparing

signal s flong theleame ndEis@andist e6d itogal 8 staial F@Ndnk esderl@fdralorea

respect| Ve'tyb' %l1aal/.ear}xlgcemenl o t IltS zl'eséugeé

Which one of these two described operational sequences is chosen does
not affect the main function of tracking the vehicle by means of the
camera pair 9.

Even if recording the number plate or other characteristic is understood
here, it does not exclude that recording can be performed in any other
way, for example by reading the number code of the plate or any other
cde.

In the Jfollowing, the image processing shall now be described from the
time when both video cameras in the pair 9 are activated until the
successive position tracking has been concluded when the payment status
of the vehicle has been established and possibly registered.

In the successive positicn registration, by electronic processing of
the images of the video cameras only, there are certain problems, which
mist be eliminated. The major problem is how the contour and contrasts
within the vehicle could be separated from other contours and contrasts
in the image field, which do not represent this particular vehicle.
Such contours can appear through shadows from objects in the surroundings
and above all movable shadows from simultaneously passing vehicles.
In addition, there may be reflections, especially at rainy weather.
Such ghencmena appear on or immediately above the roadway, while every
vehicle that shall be registered has a certain height. Consequently,
anly the\contours of objects that are present with any portion at a
certain height above the rcadway are recorded and tracked, said height
however not being in any way predetermined: vehicles of many different
kKinds can pass the road toll facility. How this is achieved is evident
from the following, wherein Fig. 3-6 are referred to.

v
In Fig. J it is shown, in a view seen in the horizontal direction, a
portion of the road toll gate in Fig. 1. For identical functional parts

the same designations have been used; thus represented are the road
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descri bed here how to distinguish different vehicles fromeach other and a
vehi c| VP87 st ur bi ng obj ects by neans of an i mage proceBST/ARP40058r went ' s
Abstract, No. H8658 D/ 34, week 8134; & SU-A-777427 di scl oses a nethod for
nmeasuri ng shape and paraneters of a noving object by neans of stereo
recording i mages of the object. No dispglhacement detection for tracking the
vehicle is described. US-A-4 555 618, in turn, discloses a toll gate
system having a video canera for activation of a toll bar only, thus

sol ving aﬁmqlglentﬂqr ﬁb't@l@ tduday fneaﬁ%jfeénia‘d et 4 %sih@gqniaso@o vidaCEiSéEHeE’i'éO\' OF
THE | NVENTION I n. the invention as _defined.in nmethod claim1 an par at us
claims 7. waich jointly ?méél‘ééi?éra§1§re3 &§é@rﬁo$d’teﬁ@t‘o%%‘3‘? ?ﬂ'd‘ﬁ,‘a"gr r anged
at a di sbancasakmyehd keme proportions.

The two video cameras are directed so as to overlap each other's image
field at least in part. They are located at a distance from each cther
and the overlapping is achieved in that they are directed with their
cbjectives 20 towards each other. Suitably, they are so directed that
their respective central axes 21 through the cbjectives meet each other
in the rcadway 2. Fraom this follows that in the image planes 22 of the
two cameras, & sterso record appears, i.e. two records that show the

cbject in questicn fram two different angles.

By such recording with cameras at a distance from each other and with
overlapping image fields, an imagined plane can be laid through the
respective cbjectives, which two planes mtarsect in a determined line
at a distance from the cameras. In the arrangement shown in Fig. 3 it

is shown for the left camera that this plane is located in the central
axis 21 of the objective, and thereby forms a centre line to the image
plane 22. The right camera 9 is directed in the same way. The setting
of the cameras is such that these central planes hit each other in the
roadway 2 right at the centre between the cameras (the imagined planes
are perpendicular to the plane of the paper). Hereby, the records produced
by the two cameras of the roadway and only of it, will correspond almost
ccpletely.

In positions above the roadway, however, the records in the two cameras
differ m;re and more from each other the higher above the rcadway the
recorded portion is located. This is shown by additional lines at the
left camera. So it is shown, how the contour of an area 24, which shall
mark the front or rear porticn of the vehicle (on a saloon model), will
displace itself relative to the plane 21 of the central axis. The portion
25, which is'intended to designate the roof of the vehicle will be placed
even more cut of centre relative to the central axis 21. In the other

camera the same phencmencn appears, but here the displacement occurs
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roadway. In the image pl anes ‘he caneras the position and the successive

di spl aceogeRss t e respective vehicle are PCTI/SE94/00503 - 4-
' Sheet Has Been Replaced
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relative to the central axis in the opposite direction. Recording in

11

this way is called stereo recording.

This is illustrated in Fig. 4 in which it is shown how a conceived image
preduced by superimpesing the records of the two cameras would lock. It
is evident that the contours 24 have been displaced cutwards away from
each other and the contours 25 have been even more displaced from each
other. By processing the image signals from the two cameras, which is
suitably performed digitally, contours can bte detscted which are located
at a considerable distance from each other, i.e. contours of portions
which are located at a certain height above the rcadway. Suitably, larger
areas are selected high up, suitably the rocof of the vehicle or in case
£ trucks the upper surface of the cargo. By selecting in this way by
means of stereo recsrqu a high portion, at a certain height, of a
venhicle for a detection of its position, the effect of said disturbances
by shadcws 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 ccntour 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-
termal contour 24 of the vehicle and encircles the area where the number
plate is supposed to be locataed. In Fig. 5 it is suggested that the rear
number plate of the vehicle is intended. One of the cameras shown in
Fig. 10 that are directed in the direction of travel of the passing
vehicleg can.t.nus catch the rear plate within its image field. If desired,
the front number plate can altermatively or additionally be recorded.

In Fig. 1 a further arrangement of recording cameras is shown. In this

case, a marker is also positicned at the front contour line of the vehicle.

THIS SHEET HAS BEEN
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regi.stered. ln _an inmage processing conputer one or nore contrast fields in
‘the recHHI¥FT: the vehicle is/are connected to its/their PFESRI593 n an

i mage processing and via the displacenent of this or these fields in the

i mage plane in the canera a registration of the displacenent can take pl ace
successively. By progranmng in inmage p{ cessing the position of a
recording field of a canera, when the véhicle has reached this field, an
exposure of the nunber plate can take place through the activation of the
recor di NgC s Mgy di P! ACeRRN-+hSs that ke, s i ng
passi ng %ﬁi??ﬁE?ﬁ%?$§adE?oﬁ%ﬁ?a%??? 9'bggné%eg|st§%§% mﬁtﬁﬁgégpectg#%

payment $FaPIS the frARt 2t ReTeRIORst Hases wihths gshifiec Fhdldy eccur,
di ssati sfAckONY SAMERAinSERWISHE Ambead 13016 et Le4REIES be separated

in forward-directed and backward-directed cameras, relative to the
direczion of the traffic flew.

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 cocordinates
starting ocut 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
proc&s.s'ing 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
oceurs, S0 that an exposure 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. 1l according to the secondly menticned
ltarmati ,"recording of the front number plate is made in the place
where the activaticn of the microwave transceiver 7 occurs and the rear
plate is recorded after the vehicle has passed the gantry 1. The recording
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When proceedi ng through such a process for the successive positions of
di spl agrRyB4)4a37# here are disturbances that nust be el i m natpeg se9qs/Gdsder t O
achieve a safe registing. These di sturbances relate to phenonena such as
shadows, wandering fields of light and reflectios in the roadway etc.
According to the invention these disturbances are elimnated in that, for
the detection of the nonentary posititf’ns of the vehicle, contrast fields
of the vehicle are used that are present at a certain distance from the
roadway, for exanple the contour of the roof. Selection of _and/locking at
such a ﬁpﬁﬁi ‘tgﬁ‘iie‘“pfﬂé%glﬁr 535%7 FecTRde Whgthiten W@Fe’&“ﬁﬁfcﬁ'}ﬁge%rsom t wo
camer as ofif e geafidle fagsas r-her fafkepCRasee it afe iceReasabdldiseagedpr ocess. By
excluding in this way what occurs on and.imediately above the ground a
safe tr&EkFIRy tb"f'zft"ﬁegjt%’h?’tq érg?' SRR BT daRi TR ﬁ‘@’}gﬁﬁoﬁ"‘éﬁ& Vn}etus
di spl acem®ntariket idasses ahé inagker Carsthe 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 connecticn 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, fram the authority vehicle register,
a special detecticn of the vehicle type provides a possibility to check
that any exchange of number 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 equimment for the successive
gosition 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 sterso 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 L'ane precessing, a height graph for the vehicle can be produced.
This will hfcr different categories of vehicles have a characteristic
appearance and dimensicn. So, a passanger car of modern saloon-type

has a front and a rear lcwer porticn, the bonnet and the luggage boot,
and inbetween a higher portion, the passanger space. A bus, cn the other
hand, has usually an almost vertical front and rear porticn and inbetween
a rela.tively.p'lane roof. With such shapes as a basis the recorded height
graphs can be detected and fitted into a vehicle category. Cther image
alements as well, created through contrasts in different image fields
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DESCRI PTION OF THE DRAWNGS In the acconpanying drawi ngs a preferred

-embodi RRHYeREs7yhe invention is illustrated, wherein Fi 9.pch/SsH39M6508 N
perspective a road toll arrangenent; Fig. 2 shows a block diagramfor the

mai n functions of the arrangenent;
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within the vehicle contour can be used for determination of the vehicle
category.

The methed according to the inventicn of tracking and detecting the
successive displacement of a vehicle by means of video recording camprises
the recording of sterec images and by comparing these establishing a
contcur of the venicle that is present at a distance fram the rcadway

cn winich the venicle moves. This contcur or any part of same or additional
contours are thersafter used as the image part to which leocking 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 objectives hit each other in a mutual point in the rcadway 2.
The vehicle 4 in turn is symmetrically located relative to this point.
Especially the latter should occur more seldeom in reality. The vehicle
can have different positions sideways within the ocperational field of
the cameras. This leads to a displacament of the venicle contour within
the image field. In spite of this, the described main orinciple for
position registration can be used. This is true even if the camera
arrangement should not be entirely symmerrical or if any other axis
throuch the cbjectives than the central axis should be used as the axes
of reference which shall intersect each other in the rcadway.

The described image processing has been designated as to its main steps.
Further Steps can be added such as correction of the real image cn the
image field of the camera,, which can be distorted, into a correct shape
on the image field of the camera. Cther 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. IE 'change of lanes occurs, the vehiicle must despite this

fact be possible to track. Thereby, it is either required that cne camera
palr covers all the lanes or that the image processing allcws the transfer

-

of a vehicle image between several camera pairs. In the former case
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-5- _Fig. 3 shows schematically an arrangenent of two video caneras for
said woeangrgi stration of the successive displanent; PCT/SE94/00503
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the arrangement can be reduced to cne camera pair if the whole roadway

is covered by it.

At the first designated alternative it was suprosed that cnly 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-proccessed, the transceiver
equipment 7 must work with the detecticn 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 preferrsd method of operation is
that the cameras 9 catch all vehicles, when they enter the image field.
Simultanecusly, the microwave system performs its checking and debiting
operation. When acceptance of this has been registered, which provides
that the vehicle has a unit 12, the mcmentary position of the vehicle
is calculated by the microwaves. This position 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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Fig.- 4 shows two superinposed stereo records; Fig. 5 shows these two
st er eqyhaa@kSHy brought together; and Fig. 6 shows a pospdt/QieRioses

di spl acenent of_the vehicle_ other than that shown 1n Fig. 5, that
when the vehicle nm [mimc!’lﬂﬂ{ecordi ng site. PREFFERED
o e < AT
* [ L M 3 _'*
Claims

1. A method of registering the displacement of a vehicle (4) on the
ground (2}, characterized in that, for the registration
of the successive displacement positions of the vehicle (4) a video
camera device is utilized, which is located at a distance above
the ground and is provided with cameras (9) arranged spaced with
a directicn that is substantially parallel to the main plane of
the ground (2), which cameras are directed to record, each of them,
on their respective image planes (22) an area of the ground (2),
wnich images are brought to overlap each cther, at least partly,
whereby there are produced, in the cameras, pairs of stereo records,
whithin these pairs of stereo records, in an image processing the
mutual locations of contrast fields (25) within the contour (24)
of the venicle (4) are compared, which contrast fields (25) are
located at different height levels above the ground with evaluation
of at least one such field that by substantial displacement between
the two records of same is indicated to be at a distance from the
ground, in order to be used in the image processing as an indicator
in the tracking of the displacement of the vehicle, so that its
successive positions of displacement can be registered.

2. A method according to Claim 1, especially intended to be applied
in the recording/reading of the mmber plate or other characteristic
of a vehicle (4) when the vehicle has reached a predetermined racording
site (28), characterized in that, in the image processing
cne of the recorded comtrast fields of the vehicle (4) is cconnected
to at; least cne marker (26) for a position relative to the contour
of the field (24) in which the number plate or other characteristic
is calculated to be located and in that ocne additional marker (28)
for said recording place is arranged and in that a recording/reading
equipment (9) is activated to perform the recording when, in the
image prpsessing the marker (26) of the vehicle in its successive
displacement is detected as coinciding with the marker of the recording
site (28).
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has three | anes 3 s 4 of different kinds can proceed

t hrough t he portal gam r y ‘The ;traffic is not limted to keeping in
a | ane but |s allowed to perforn1|ane hanges and over-takings. It is thus
a free- fIOM/systen] which as little as possible shall disrupt the traffic

flow. tpgtk%nté%rt here &asma#t ?Cliled two, | |ghé t{ht,t.l iNgSa %ﬂand a nunber

of trangmt s e U o VES, ree of ich are
shown her e,ini tietu dbyn goamerEng dthef dxsnllaesmnts nofaddEfénent YeRdEde ICSTRANTS| t her

side a vidqg CHs & ridls' fHgRE Alvel D% ARAL GG Dleteds?bdddral | AMAD TeQi St
image processing it is produced for the registration of the chategory
of the vehicle (4) a height contour graph, and in that said height
contour graph is camparsd with established height contours for
different vehicle categories, such as for passenger cars, buses,
trucks and motor cycles while producing data indicating the category
belonging of the registered vehicle. '

Acordipn .1 an automatic road toll facility accordin 0 the
i nventwg)né"??sg pro Iﬂﬂ@«mmuﬁ‘r ﬂﬂry 1 which extends abovgccal #3%(8“ 383 whi ch
ok

4. A method according to Claim 1, 2 or 3, especially intended £o be
acplied in the recording of the number plate or other characteristic
of a vehicle (4) on passing a road toll facility, character-
i zed in that the recording is performed when the respective
vehicle (4) enters the toll facility, in that the successive position
of displacement of the vehicle is tracked for so long time and dis-
tance, respectively, that checking and/or payment operation has/have
been performed and thereby have been referred to specific vehicles,
in which arrangement only such recordings are registered, which
relate to such vehicles for which approved checking and/or payment
cperation could not be effected.

A device for performing the method of registering the displacement

of a vehicle (4) on the ground (2) according to Claims 1, 2, 3 or 4,
characterized in that at least one video camera eguipment
is arranged at a distance above the ground (2) and consisting of

at least cne pair of video cameras (%) located at a distance frcm
eachi~other in a direction substantially parallel to the main plane

of the ground, which cameras are so directed that on their respective
image planes (22) each camera records an area of the ground (2),

which records at least partly overlap each other, so that in the
cameras, pairs of records are produced, and by an image processor

wn
.

arrangedrsto campare the different mutual positions of contrast fields
(24, 25) that appear in the respective records, within the contour
of the vehicle, which contrast fields are loccated at different height
levels above the ground, and arranged to select
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vehi.cl es which unpermttedly are driven on the verge. In addition, at the
t op cewoesafiTt _ vi deo caneras 9 are shparyseskigossst ed
downwar ds at the tmmu ‘ \M\ E ernatively, several such pairs of caneras
can be arranged. ! ras 10 in three pairs of video caneras 10
are directed towards and" avvay fromthe typaffic flow These pairs of cameras
are shown | ocated approxi mately at the centre of the respective |ane 3.
In each pair one of the caneras is directed agai nst and one al ong the

direction ofn tA8 ink@bldeocldNy at least cne such field, which through a
digplacement between the two records is indicated to be located
at a distance from the ground, such as for example belonging to
the roof of the vehicle, as an indicator in the tracking of the
displacement cf the vehicle during the registration of its successive

pogitions of displacement.

6. A device according to Claim S, characterized in that
it is arranged as an equipment in a rcad toll facility for automatic
fee registration of passing vehicles (2), the video camera equigment
(3) being arranged to register the successive positions of displace-
ments of the respective vehicle when passing the operational area
of the toll facility and through at least one place of recording
in which is arranged a means for recording an identification charac-
teristic of the vehicle, for example its number plate, as well as
at least cne video camera (10) arranged to record the number plate
or cother characteristic of the vehicle in question and the image
processing equipment further being arranged to activate the means
(10) for recording through indication from the firstly named camera
equirment (9), when through same it has been indicated that the
number plate of the vehicle and other characteristic, respectively,
has reached the recording site.

7. A device according to Claim 6, characterized in that
the road toll facility is furthermore arranged with at least one
equipment (7) for commmication by means of radiowaves with vehicle
units (12) arranged for being located in the vehicles (2), camwrising
transmitter and receiver equipment for the radiowaves, preferably
a transvonder (13), and arranged to make fee debiting and checking
of payment status possible by means of radiowaves, the transmitter
and receiver equipment (7) of the road toll facility, for radiowaves,
being connected to the system for the tracking and recording of
the vehifle comprising said video camera equipment (9), the image
processing equipment and the recording camera (10) or other means
3o that a selecticn is performed, in the recording process and the

registrazion of the reccrdings, between such vehicles for which
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-6-. Al this equi pnent I's connected to a central facility 11 for the
- cont r @0 B¥283zme and-—for &ﬂocesm gmrecorded data. This c@®OT/SEb4/6eEa3 ity is

in turn connected tcﬂﬁlﬁ n}ﬂ(w' or further communication. The main
functions and functh arrangenment are evident fromthe bl ock

diagramin Fig. 2. Ther'ei n 12 de5| ghates the equi pnent understood to be
provided in the majority of vehi cl es 4.
debiting operation has been registered by means of transmitter and
receiver equirment, and the vehicles for which such debiting has
not been registered.

8. A device according to Claim 7, characterized in that
the road toll equipment (7, ll) further comprises a device for re-
cording data such as time and place of the passage of the respective
vehicle (4) and preferably also for detecting the category of vehicle,
and which furthermpre is directed to connect such registered data
to the respective recording of the number plate or other characteristic
of the vehicle in guesticn.

\0
.

A device according to Claim7o0r 8, characterized

in that the road toll facility is arranged with recording means
such as recording cameras (10) arranged to record the identity of
all the vehicles on their entry into the cperatiocnal area of the
toll facility and in that the video camera equipment (9) which is
arranged for the registration of the successive displacement positions
of the vehicles is arranged to perform such registration during

the whole distance that a vehicle passes while an operation for
checking the payment status and effecting payment in the rocad toll
facility is performed, every operation being referred to a specific
vehicle, and in that there are devices arranged so that for the
following processing they register cnly such recordings, which refer
to such vehicles for which disapproved payment status has been
established by said cperation.
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Such an ‘&g%% t can be a transponder unit 13, which is arranged to pick
up mcro e d transformthem into an answer signal conpgtSEsidnesos
information for the identification of the vehicle, and in addition, an
intelligent card for transmting data via the transponder, which data in
addition to certain identification data, can consist of data regarding
paynment conditions (if debiting shall occur or if pre-paynent via a pay
card 14, smart card, has been nade);/y, Qher elenents in the block diagram
relate to the stationary—egqui pnment. on the gantry there are |ocated the

transmtter and regte -'::;-:. L for mcrowaves, video caneras 8 and
the canera pair 9 a as' t he o
E
e —
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vi deo -caneras 10, which are all identified by the sane nunbers in the
bl'ock diWQrade837 her el enents belong to said equinent with gg t he
equipnent on the support conmuni cates. This equi pent can coﬁg% VS0 ¢ 11
for checking the transmtter and receiver equipnment 7 and which controls

t he debiting of vehicles which are provided wth the equi pnment 12. In
addition, there is said equipnent for checking vehicles which are not
provided with any unit 12-14 and for, which there is a need for
identification in a different way, #fd exami nation for post-debiting. This
equi pnment conprises the canera pair 9 for the detection and tracking of
vehi cl es which lack the correct equi pnent 12, and video caneras 10 (only
two of which are shown) for recording the nunber plate of the vehicles that
shal | be checked particularly. Video caneras 10 are connected
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to the u i% for controlling the exposure of the vehicles that shall be
chec kedw‘ga?r

larly and for collecting registered video r 85/S884/0050%

possi bl e conpressi on and storing of sane. These records can be
REPLACEMENT SHEET
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-7- -communicated to a central facility 16 for post-processi I n W|th
sear chYh&ZET - debi ting of vehicles that have passed wi t HEGY &i?
Broddl y, except for the arrangenent with the canmeras 9, this system
corresponds to what has been stated in the introduction as known.
However, there is within the systema part solution that relates to the
system for the successive position registration of vehicles between the
pl ace of entry into the road toll fggility and registration of the
identification imges. This part solution fornms the basis for the
subsequent d ai s,

-—
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pre-pai d car
This case le
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transmtted
transmtter

and shal |7 bedescribed T the foll o
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E!’Hlumﬁmlm when t hej vehiecle-—-passes«the road toll facility.
WHEEIRRED I #ll owi ng ope t 4psy: The vehicle
- transmtte b?ﬂﬁa\ﬁﬁ Command is

- the transponder of thge - the m crowave
regi sters the position pf the vehicle

A METHOD AND A DEVICE
A VEHICLE

-

N OF THE MOVEMENT OF

TECHNICAL FIELD
The present invention relates to a methed and device for registering

the successive displacement of a vehicle. A foreseen and important area
of application is the registraticn of the displacement of a vehicle
in a road toll facility frem a place of entry to a place where recording
of the number plate or cther characteristic of the vehicle can take

place.
BACKGROUND

It is known to arrange road toll facilities for autamatic fee debiting,
see for example US,3,4,104,630 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 comorises

an arrangement by which cammmication by radiowaves can ta.ke place with
passing vehicles. This arrangement comprises transmitter and receiver,
a transceiver, for the radiowaves by means of which equipment payment
and debiting cperations can be effected for the passing vehicles that
are provided with said transpondé:. For this technique campars

Us A 4,075,632 and US A 4,242,661 for example.

However, it may occur, that the toll facility is passed by vehicles

which are not provided with any transponder and therefors 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 question for search and post-debi-
ting. Such need be perfoimed not only of vehicles that lack a transponder.
If pre-payment is understood and sufficient means is lacking or if an ap-
proved payment operaticn cannot be performed for any other reascn despite
the presence of a transponder, post-debiting shall also be performed.

The mest advanced system for road tolls of this kind is adapted to a great
flow of traffic in free formation. In such an arrangement it will be
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and checks paynent st at us. Debi ting occu ?EPLA@% ﬁgg-fvation from
| Cle.

the transponder the debiting IS register e_ve

Reporting to the central unit of performed tranjsafti on, *gé hewgver the
vehicle is not equipped for autonatic fee debitfnpg B3 dBs1984¢ |hdve
approved paynent status, neans |acking on.the clargd_ar an._account {not havi ng

been approved, the vehicle nust be registéred tihhr ough vi deo recor{di ng of
its nunber plate. This shall occur when the

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 payment has been assuresd by means of a transponder. This
requires that the toll facility is provided with an equipment for the
registration of the successive forward displacement of the vheicle,

so that it is ensured that the image is registered for the correct vehicle,
i.e. a vehicle which on passing the rocad toll has been established to
have dissatisfactory payment status. This positioning 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 this positioning check during the displacement in

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

to use induction lcops in the rocadway. 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 rcadway. It is also difficult to render it
sufficiently selective, so as to in effect quarantee 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
to register at all.

JESCRIPTION OF THE INVENTION

In the invention, video cameras are used for the registration, arranged
1t a distance above the roadway. In the image planes of the cameras

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED




o

vehicle is in a certain position, the recording sﬁEtPéﬁcEMEM iSHEET of t he
respective caneras 10. Fromthe nmoment when thel p§sttion of thg viehicle has

first been registered and until the vehicle has|cpng 3 MAR$9?i dn (for
recording, it shall be tracked. Such tracking of $uccessive pogit}i on
regi stration nust be possible to perform sirrespective of the speed

registered. In an image processing computer one or more contrast fields
in the recording of the vehicle is/are connected to its/their identity
in an image processing and via the displacement of this or these fields
in the image plane in the camera a registration of the displacement
can take place successively. By programming in image processing the
positicn of a recording field of a camera, when the vehicle has reached
this field, an exposure of the number plate can take place through the
activation of the recording camera. The vehicle, whose displacement

is tracked, has during passing whitin the road toll facility been
registered with respect to payment status, so that after entry those
vehicles which have dissatisfactory payment status can be tracked and
recorded.

When proceeding through such a process for the successive positions

of displacement, there are disturbances that must be eliminated in order
to achieve a safe registering. These disturbances relate to phencmena
such as shadows, wandering fields of light and reflections in the roadway
etc. According to the invention these disturbances are eliminated in

that, for the detection of the momentary positions of the vehicle, contrast
fields of the vehicle are used that are present at a certain distance
‘from the roadway, for example the contour of the roof. Selection of

and locking at such a field take place in a process in which stereo
records from two cameras arranged in a pair are processed in an image
analysing precess. By excluding in this way what occurs on and immediately
above the ground a safe tracking of the vehicle is achieved during the
whole of its displacement until recor&ing occurs. -

DESCRIPTION OF THE DRAWINGS

In the accampanying drawings a preferred embodiment of the invention
is illustrated, wherein

Fig. 1 shows in perspective a road toll arrangement;

Fig. 2 shows a block diagram for the main functions of the arrangement;
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- 8 - of the vehicle, changes in speed and c qﬂggi EMEqu;:.Tebtion of
travel. Recording for post-processing shall on ] 3l ned
identification, be registered for such vehicle Foved fee
debi ting has been performed by nmeans of the degc i B h bet ween
the mcrowave transnmitter and the vehicl eq equi pni hsponder .
The successive position registration is perforjred Mﬁth the alq#J t he

Fig. 3 shows schematically an arrangement of two video cameras for said
registration of the successive displacement;

Fig. 4 shows two superimposed stereo records;
Fig. 5 shows these two sterec records brought together; and

Fig. 6 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.

PREFERRED EMBCDIMENT

According to Fig. 1 an autcmatic road toll facility according to the
inventicn is provided with a gantry 1 which extends above a rcad 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-takings. It

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

the traffic flow.

On the gantry, there are attached two light fittings 6 and a number

of transmitter and receiver units 7 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 approaching traffic flow to register
vehicles which unpermittedly are driven on the verge. In additién, at

the top center of the gantry a pair of video cameras 9 are shown, direcred
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 located approximately at the centre of the
respective lane 3. In each pair one of the cameras is directed against

and cne along the direction of the traffic flow.
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viedeo cameras 9, the pair of caneras co-operatifi a Sy
| mge processing. The operational squence for t ?%%BF@EW?MEE

1t for

t he
| mage processing equi pnent corises the follow n t eps: cfli vati on
occurs either via the mcrowave transceiver andfof 03 MHR 19871y ijn that the
vehicles enter the image field of any one he caneras 9. The
successive position registration by means of tlhe caneras 135 I nitiated.

All this equipment is comnected to a central facility 11 for the control
of same and for processing recorded data. This central facility is in
turn connected to a central net for further commmnication.

The main functions and function units of the arrangement are evident
from the block diagram in Fig. 2. Therein, 12 designates the equipment
understood to be provided in the majority of vehicles 4.

Such an equipment can be a transponder unit 13, which is arranged to
pick up microwaves and transform them into an answer signal coamprising
information for the identification of the vehicle, and in addition,

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

Other elements in the block diagram relate to the stationary equipment.

On the gantry there are located the transmitter and reciever equipment

7 for microwaves, video cameras 8 and the camera pair 9 as well as the
video cameras 10, which are all identified by the same numbers in the
block diagram. Other elements belong to said equipment with which the
equipment on the support communicates. This equipment can comprise a

unit 11 for checking the transmitter and receiver equipment 7 and which
controls the debiting of wvehicles which are provided with the equipment 12.

In addition, there is said egquipment for checking vehicles which are

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

This equipment camprises 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 plate of the
vehicles that shall be checked particularly. Video cameras 10 are connected
to the unit 1l for controlling the exposure of the vehicles that shall

be checked particularly and for collecting registered video records,

and possible compression and storing of same. These records can be
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The position, such as it appears fromthe posj ty e field
of tﬁe two co-operating caggras, Is correl gted*@%éﬁes“gg hHe sane
nmonent, with the aid of the position that thg crowave ranscei ver can
regi ster for vehicles provided with a transpdnderl 3 MAR 1997 t hjough the

m crowave transceiver approved paynment isgredi red, he gystemis
made passive for the successive position regijstration o the vehicle in
guesti on. | f however approved debiting ul.d not be perfermed, the

SUCCeSSi Ve comi?QGadedOfb bednttd1AEacini€) 16 Rorvedstebodessipgest commeetitni nues.

with search and post-debiting of vehicles that have passed without paving.

Broadly, except for the arrangement with the cameras 9, this system
corresponds to what has been stated in the introduction as known. However,
there is within the system a part solution that relates 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 soluticn forms the basis for the subsequent Claims,

and shall be described in the following.

As mentioned, registration of debiting shall take place, in the ordinary
case through subtraction from a pre-paid card, smart card, when the
vehicle passes the rocad toll facility. This case leads to the following

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

Command is transmitted - the transponder of the vehicle answers
- the microwave transmitter registers the position of the vehicle
and checks payment status.

Debiting cccurs - through activation from the transponder the debiting
is registered in the vehicle.

Reporting to the central unit cf“ performed transaction.

If however the vehicle is not equipped for autcmatic 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
through video recording of its number plate. This shall cccur when the
vehicle is in a certain position, the recording site, relative to the
regpective cameras 10. From the mament when the position of the vehicle
has first been registered and until the vehicle has came in position
for recording, it shall be tracked. Such tracking or successive position
registration must be possible to perform, irrespective of the speed
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spot where a nunber plate is supposed ta be | a marker
can be placed both in the position of the fr¢ntf nunber pl afe and of the
rear nunber plate. 03 MAR 1897
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of the vehicle, changes in speed and changes in the direction of travel.
Recording for post-processing shall only, under maintained identificatien,
be registered for such vehicles for which no approved fee debiting has
been performed by means of the described interacticn between the microwave
transmitter and the vehicle egquipment with its transponder.

The successive position registration is performed with the aid of the
video cameras 9, the pair of cameras co-operating with an equipment
for image proccessing. The operatiocnal sequence for the camera units
and the image processing equipment comprises the following steps:

Activation occurs either via the microwave transceiver and/or
directly in that the vehicles enter the image field of any one
of the cameras 9.

The successive position registration by means of the cameras is
initiated.

The position, such as it appears from the position in the image
field of the two co-operating cameras, is correlated to one in
the same mecment, with the aid of the position that the microwave
transceiver can register for vehicles provided with a transponder.

If through the microwave transceiver approved payment is registered,
the system is made passive for the successive position registration
of the wvehicle in question.

If however approved debiting could not be performed, the successive
position registration of the vehicle in question continues.

Along the contour of the registered vehicle a marker is placed

on the spot where a number plate is supposed to be located - possibly
a marker can be placed both in the position of the front number

plate and of the rear number plate.
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In the image field there is a fixed marking for the image field
of the recording camera or cameras.

When the vehicle marker has reached the marker of the recording
camera it is activated for the recording of the number plate or
plates of the vehicle.

The recording can be connected to a registration of data such as
time and place and data regarding the vehicle such as its type
(passenger car, bus, truck, motor cycle).

The preduced records are stored for processing, so that post-debiting
of the toll and possible fine can be effected.

According to the here given flow scheme only the vehicles that by means
of microwave communication have been stated not to have approved payment
status are recorded. This means that the vehicle must be tracked while
the payment and checking operation is performed upto the recording site.
This gives a relatively extended toll facility area since the payment
operation requires a certain time during which a fast vehicle travels

a relatively long distance. To this distance adds the distance that

is required for the recording site. In the whole distance, tracking
must be performed which gives a correspondingly extended monitoring

area for the video cameras.

In an alternative solution, the number plates of all incoming vehicles

are recorded and tracked thereafter during the payment operaticn including
the checking cperation of payment status. The recorded vehicles can
hereafter be separated into two groups, firstly such that can make the
correct payment and secondly such that cannot. For the latter the recording
of the number plates are given a special marking which indicates that
post-debiting shall be performed. Preferably, this marking occurs in

that only these records are regigtered finally while “all others are
deleted from the storing means, which can be a magnetic disc for example.
By performing the payment/checking and recording operation in this way
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site.
of the toll arrangement is reduced.

Which one of these two described operational sequences is chosen does
not affect the main functicn of tracking the vehicle by means of the

camera pair 9.

Even if recording the number plate or other characteristic is understood

here, it dces not exclude that recording can be performed in

any other

way, for example by reading the mumber code of the plate or any other

code.,

In the -following, the image processing shall now be described from the
time when both video cameras in the pair 9 are activated until the
successive position tracking has been concluded when the payment status

of the vehicle has been established and possibly registered.

In the successive position registration, by electronic proc'essing of
the images of the video cameras only, there are certain gnﬂﬂgms,‘dusﬁ
.must be eliminated. The major problem is how the contour and contrasts
within the vehicle could be separated from other contours and contrasts
in the image field, which do not represent this particular vehicle.
Such contours can appear through shadews from objects in the surroundings
and above all movable shadows frcm simltaneous'ly passing vehicles.

In addition, there may be reflections, especially at rainy weather.
Such phencmena appear on or immediately above the roadway, while every
vehicle that shall be registered has a certain height. Consequently,
only the contours of objects that are present with any portion at a
certain height above the rcadway are recorded and tracked, said height
however not being in any way predetermined; vehicles of many different
kinds can pass the road toll facility. How this is achieved is evident

frem the following, wherein Fig. 3-6 are referred tao.

In Fig. 3 it is shown, in a view seen in the horizontal direction, a
portion of the road toll gate in Fig. l. For identical functional parts
the same designations have been used; thus represented are the road
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required for the recording site. In the whole di s g|nmust be
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i ncom ng vehicles are recorded and tracked t hereafter—au-+nrg—thed paynent
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The two video cameras are directed so as to overlap each cther's image
field at least in part. They are located at a distance from each other
and the overlapping is achieved in that they are directed with their
cbjectives 20 towards each cther. Suitably, they are so directed that
their respective central axes 21 through the objectives meet each other
in the roadway 2. Fram this follows that in the image planes 22 of the
two cameras, a stereo record appears, i.e. two records that show the
object in question fram two different angles.

By such recording with cameras at a distance from each other and with
overlapping image fields, an imagined plane can be laid through the
respective objectives, which two planes intersect in a determined line

at a distance from the cameras. In the arrangement shown in Fig. 3 it

is shown for the left camera that this plane is located in the central
axis 21 of the objective, and thereby forms a centre line to the image
plane 22. The right camera 9 is directed in the same way. The setting

of the cameras is such that these central planes hit each other in the
roadway 2 right at the centre between the cameras (the imagined planes
are perpendicular to the plane of the paper). Hereby, the records produced
by the two cameras of the rcadway and only of it, will correspond almost
campletaly. i
In positions above the rocadway, however, the records in the two cameras
differ more and more from each other the higher above the roadway the
recorded portion is located. This is shown by additional lines at the
left camera. So it is shown, how the contour of an area 24, which shall
mark the front or rear portion of the vehicle (on a salcon model), will
displace itself relative to the plane 21 of the central axis. The portion
25, which is intended to designate the rcof of the vehicle will be placed
even more out of centre relative to the central axis 21. In the other
camera the same phencmenon appears, but here the displacement occurs

This Sheet Has Been Replaced

A

THIS SHEET HAS BREN
REPLACED




P

pést-debiti ng shall be perforned. Preferably, thrs—markrnag—eeeqgrs in that
only these records are registed finally while REPLAGEMENT BHEETdI et ed from

tRe storing neans, which can be a nagneti.c dijsc[for—exanpte—By perform ng
t he paynent/checki ng and recordi ng operation fin tﬂﬂasmyﬁg‘?

1l

relative to the central axis in the opposite direction. Recording in
this way is called stereo recording.

This is illustrated in Fig. 4 in which it is shown how a conceived image
produced by 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
other. By processing the image signals frem 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 portions
which are located at a certain height above the roadway. Suitably, larger
areas are selected high up, suitably the rcof 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 rcadway can be eliminated.

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

a special marking of the contour 25, which has been selected for pogitio-
nming. 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 ralative to the contour 25, which
in the image processing is used for the successive registration of the
pasition of the vehicle. As mentioned, the marker is placed over the ex-
ternal contour 24 of the vehicle and encircles the area where the mumber
plate is supposed to be located. In Fig. 5 it is suggested that the rear
mmber plate of the vehicle is intended. One of the cameras shown in

Fig. 10 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 rescorded.

In Fig. 1 a further arrangement of recording cameras is shown. In this
case, a marker is also positioned at the front contour line of the vehicle.

—_—
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descri bed operational sequences is chosen does not} affect the nhi h function

of tracking the vehicle by neans of the camera paifr.093 MARVESY i ecordi ng
the nunber plate or other characteristic iizunder t ood

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. Altermnatively,

in the image processing program the marker can be defined with coordinates
starting ocut 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 computer. This, eventumally, 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 f£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 exposure of the mumber plate of the vehicle is made.

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

In the arrangement shown in Fig. 1 according to the secondly mentioned
alternative, recording of the front number platé 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
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here, it does not exclude that recording can be p&EPLAGEMENT SHREDt/her way,
for exanple by readi ng the nunber code of. the pljat y gode. I n
the foll ow ng, the image processing shall now bg d s{ygi Pﬂﬂ ﬁg?mt e tinme
when both video caneras in the pair 9 are activdgt unt Tt e sfic¢essi ve
position tracking has been concl uded when t he pgynen ‘sr'ar'us—a-f-}t e vehicle
has been established and possibly registekéd. I n the successive|position
regi stration, by electronic processing of the images of tievideo’ caner as
only, there are_certajn problens, which nmust be elimn nated. p}'gt% Erglj or

probl em i s hSRALHEeBOR SRR CAFRF C295nPF Fefe when the fromt mumber
of the vehicle passes the marker for cne 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 cut,
with the aid of the number plate, fram the authority vehicle register,
a special detecticn of the vehicle type provides a possibility to check
that any exchange of number 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 successive
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 stereo 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 graph for the vehicle can be produced.
This will for different categories of vehicles have a characteristic
appearance and dimension. So, a passanger car of mcdern salcon-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 rcof. With such shapes as a basis the recorded height
graphs can be detected and fitted into a vehicle category. Other image
elements as well, created through contrasts in different image fields
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in any way pesdgdgtm ned; vehicles of many different kinds can pass the
road toll facility. Howthis is achieved is evident fromthe follow ng,

wherein Fig. 3-6 are referred to. ) -
The method according to the invention of tracking and detecting the

successive displacement of a vehicle by means of video recording comprises
the recording of sterec images and by comparing these establishing a
contour of the vehicle that is present at a distance fram the roadway

on which the vehicle moves. This contour or any part of same cor additiocnal
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 symmetrical
arrangement. The cameras 9 are so directed that the central axes 21

of the cbjectives hit each other in a mutual point in the roadway 2.

The vehicle 4 in turn is symmetrically located relative to this point.
Especially the latter should occur more seldem in reality. The vehicle
can have different positions sideways within the operaticnal 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
position registration can be used. This is true even if the camera
arrangement should not be entirely symmetrical or if any other 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 described image processing has been designated as to its main steps.
Further steps can be added such as correction 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-
tanecusly. 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 vehicle 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 roadway
is covered by it.

At the first designated altermative 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.
Similtanecusly, the microwave system performs its checking and debiting
cperation. 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 position can now be carrelated

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

e
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are located at a distance frdm each otheA7and {he I s} achi eved
in that they are directed with their objectivep 20 towards each |ot her.

Suitably, they are so directed that
3. A method

according to Claim 1 or 2, characterized
in that, by comparing the displacements of different vehicle contours
(24, 25) in various height levels in the two stereo records in the
image processing it is produced for the registration of the chategory
of the vehicle (4) a height contour graph, and in that said height
contour graph is compared with established height contours for
different vehicle categories, such as for passenger cars, buses,
trucks and motor cycles while producing data indicating the category
belonging of the registered vehicle. :

A methed according to Claim 1, 2 or 3, especially intended to be
applied in the recording of the number plate or other characteristic
of a vehicle (4) on passing a road toll facility, character-
i z ed in that the recording is performed when the respective
vehicle (4) enters the toll facility, in that the successive position
of displacement of the vehicle is tracked for so long time and dis-
tance, respectively, that checking and/or payment operation has/have
been performed and thereby have been referred to specific vehicles,
in which arrangement only such recordings are registered, which
relate to such vehicles for which approved checking and/or payment
operation could not be effected.

A device for performing the method of registering the displacement

of a vehicle (4) on the ground (2) according to Claims 1, 2, 3 or 4,
characterized in that at least one video camera equipment
is arranged at a distance above the ground (2) and consisting of

at least one pair of video cameras (9) loccated at a distance from
each other in a direction substantially parallel to the main plane
of the ground, which cameras are so directed that on their respective
image planes (22) each camera records an area of the ground (2),
which records at least partly cverlap each other, so that in the
cameras, pairs of records are preduced, and by an image processor
arranéed to campare the different mutual positions of contrast fields
(24, 25) that appear 'in the respective records, within the contour
of the vehicle, which contrast fields are located at different height
levels above the ground, and arranged to select

_—
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their respective central axes 21 through the objgedi Ch other in
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di stance from each other and with overlappigg ge fields. an ijmagi ned
pl ane can be laid through the respecive objett{ves, which tw pllanes
intersect in a deternmned |ine at a distance ftom.the caneras. 1jn the
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each other in ”}:g roof of the vehicle, as an indicator in the tracking of the
displacement of the vehicle during the registration of its successive
pegsitions of displacement.

6. A device according to Claim 5, characterized in that
it is arranged as an equipment in a road toll facility for automatic
fee registration of passing vehicles (2), the video camera equipment
(9) being arranged to register the successive positions of displace-
ments of the respective vehicle when passing the operational area
of the toll facility and through at least one place of recording
in which is arranged a means for recording an identification charac-
teristic of the vehicle, for example its number plate, as well as
at least one video camera (10) arranged to record the number plate
or cther characteristic of the vehicle in question and the image
processing equipment further being arranged to activate the means
(10) for recording through indication from the firstly named camera
equirment (9), when through same it has been indicated that the
number plate of the vehicle and other characteristic, respectively,
has reached the recording site. '

7. A device according to Claim 6, characterized in that
the road toll facility is furthermore arranged with at least one
equipment (7) for cammmnication by means of radiowaves with vehicle
units (12) arranged for being located in the vehicles (2), comprising
transmitter and receiver equipment for the radiowaves, preferably
a transponder (13), and arranged to make fee debiting and checking
of payment status possible by meansg of radiowaves, the transmitter
and receiver equipment (7) of the rcad toll facility, for radiowaves,
being connected to the system for the tracking and recording of
the vehicle comprising said video camera equipment (9), the image
processing equigment and the recording camera (10) or other means
so that a selection is performed, in the recording process and the
registration of the recordings, between such vehicles for which
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8. A device according to Claim 7, characterized in that
the road toll equipment (7, 1ll) further comprises a device for re-
cording data such as time and place of the passage of the respective
vehicle (4) and preferably alsc for detecting the category of vehicle,
and which furthermore is directed to connect such registered data
to the respective recording of the number plate or other characteristic
of the vehicle in question.

9. A device according to Claim 7or 8, characterized
in that the road toll facility is arranged with recording means
such as recording cameras (10) arrani;ed to record the identity of
all the vehicles on their entry into the cperational area of the
toll facility and in that the video camera equipment (9) which is
arranged for the registration of the successive displacement positions
of the vehicles is arranged to perfomm such registration during
the whole distance that a vehicle passes while an cperation for
checking the payment status and effecting payment in the rocad toll
facility is performed, every operation being referred to a specific
vehicle, and in that there are devices arranged so that for the
following processing they register only such recordings, which refer
to such vehicles for which disapproved payment status has been
established by said operation. *
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A METHOD AND A DEVICE FOR THE REGISTRATION OF THE
MOVEMENT OF A VEHICLE

Abstract

A method and device for registering the successive
positions of displacements of a vehicle by means of
pairs of video cameras (10), which are located at a
distance above the ground for the vehicle. The cameras

are at a distance from each other and directed each so

as to record the ground (2) as area which overlap each
other. Hereby, in the cameras, pairs of stereo records
are produced, which are compared in an image
processing. With the aid of the different positions
for such vehicle contcurs (24, 25), which are located
at different height levels above the ground, such a
contour is selected which through substantial
displacement between the two records is indicated to
be located at a distance above the ground. This
vehicle contour (25) is used in the image processing
as an indicator in the tracking of the displacement of
the vehicle.

Figure 3.
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relative to the central axis in the opposi te dir ept+er—ReeerehrAg—Hn this
way is called stereo recording. This is illustrhtREPLAGEMENT SHEE ich it
is shown how a concei ved i nage produed by sueri nppsifrg—the—+recorgs jof the

two canmeras would look. It is evident that the coptou &) %égpﬁxﬂ heen
di spl aced ortwards. away from each other and the cpngolrs 25 have

bden even

e displaced fron each other. By processing the inpgesrgmats—fred tlhe two

cCeras, which is suitably perfonued digitally, coptours can be

detect edwhi ch are | ocated at a consi derabl e dista
contours of portions whiclh are=kacated at a certai
roadway. Suitably, |4 qu‘ \ T~
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areas are sel ected high up,
trucks the upper surface of the cargo.
stereo recording a high portion,
its position,
in the plane of the roadway can be elim nated.
| mage procesing the contours are joined with a speci al
25, which has been selected .for
in Fig. 5. By tracking the marked c
di spl acemmt of the vehicle can be successively registég
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In order to record the place on the vehicle where te is
attached, a marker 26 is attached,to this place. yREPRABEMENT SHRpher e meant

i mge processings used for the successive registrit h ogi tfi on of
i i i 9 b Rt

of the

vehicle is intended. One of the caneras shown in F Q. irected
La the direction of travel of the passing vehicl can thus catch the rear
plate within its mmge field. If desired, the front nunﬁar"bl te can
alternatively or additionally be recorded. TR fur g, arrangenent
of recording caneras is shown. In this casg, a/marker \s alsgspositioned at
the front contour line of the vehicle. { \ T
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A METHOD AND A DEVICE FOR THE MM MOVEMENT OF

A VEHICLE

TECHNICAL FIELD
The present invention relates to a methced and device for registering

the successive displacement of a vehicle. A foreseen and important area
of applicaticn is the registraticn of the displacement of a vehicle
in a rocad toll facility from a place of entry to a place where recording
of the mumber plate or cther characteristic of the vehicle can take

placa.
BACKGRCUND

It is known to arrange road toll facilities for autcmatic fee debiting,
see for example US,A,4,104,630 and US,A.4,303,904.

Thereby, it is understocd that thé majority of vehicles that pass the
road toll station are provided with a receiver-transmitter unit for
radicwaves, a so~called transponder. The road toll facility comprises
an arrangement by which cammunication by radiowaves can take place with
passing vehicles. This arrangement comprises transmitter and receiver,
a transceiver, for the radicwaves by means of which equipment payment

- and debiting operations can be effected for the passing vehicles that

are provided with said transponder. For this technique compare

' US A 4,075,632 and US A 4,242,661 for example.

However, it may occur, that the toll 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 question for search and post-debi-
ting. Such need be perfotmed not only of vehicles that lack a transponder.
If pre-payment 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 system for road tolls of this kind is adapted to a qreai;

flow of traffic in free formation. In such an arrangemenc it will be

THIS SHEET HAS BEEN
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At=the toll

both the front and rear nunber plates of tHheb

facility shown in Fig. 1 it is“uE T SLoogtitat—the réc‘z) Eljng i
BRUACE

MENI nSHEETogcur, which is

evident in that the cameras 10 have been sfatfgd tTo b ST atfed in
fofward-di rected and backwad-directed canefad, ¢r§ 44888 of t he direction of
the traffic flow The marker can be give he shape of fleld or frame

I nserted as a part of the recording in the 1mage Trerd t he canera and
movabl e al ong with the contour of .thk «vehi ¢l e during its displacenment.

Wi th Coor o b tg«%”@im%ﬁ“ﬁﬁ#@%ﬁiﬁmﬁﬁwmm” e detines
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TECHNICAL FIELD o
The present invention relates to a methed and device for registering

the successive displacement of a vehicle. A foreseen and important area
of applicaticn is the registration of the displacement of a vehicle
in a road toll facility from a place of entry to a place where recording
of the number plate or cther characteristic of the vehicle can take

place.

BACRGROUND
It is known to arrange road toll facilities for autamatic fee debiting,
see fcr. me US'A040104'530 ard USIA'4'3°3'904.

Thereby, it is understood that the majority of vehicles that pass the
road toll mﬁcﬂuep:cvidedwithareceive:-transmitw'mit for
:adimva.amnedm.,memdmnfaﬁlitycmisa
an arrangement by which commmicaticn by radiowaves can take place with
passmgvehlcl&s.msaxrangenmtcmpnsesm&e. and receiver,
a transceiver, fottheradmvsbymansofwm:hequpm:paym:
and debiting operations canbeeffectedfortnepassmgvemclsthat
areprcv:.dedw:.msa.:.dtransponde: E‘crth:.smquem

US A 4,075,632 and US A 4,242,661 for example.

‘However, it may occcur, that the toll facility is passed by vehicles

which are not provided with any transponder and therefore camnot 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 mmber plates of the vehicles in question for search and post-debi-
ting. Such need be performed not only of vehicles that lack a transponder.
If pre-payment is understood and sufficient means is lacking or if an ap-
proved payment cperation cannot be performed for any other reason despite
the presence of a transponder, po_st—debiting shall also be performed.

The most advanced system for road tolls of this kind is adapted to a great

flow of traffic in free formaticn.- In such an arrangement it will be



In.the image field of the canera there is one additional or several markers
28 Wth rigidy nmounted cameras, the markers are [ag 8 at—f++ed—p] aces
i'n the image field. Similar to the marker 26, the é—?‘ EMEHBISHEETI serted
insthe image field or expressed as fixed coordi nat gs{for exanmpte—Each

mar ker 28. designates an area of recording for the fefofjdj ng e ayugr gs |10.
During the successive displacenent of the vehicle,{ifs recorded cgntfours
are al so displaced through the |ocking of the inmage processiTig-rotpyter to
the contrast field within the selechbed contour 25 the inmage procgssing
conputer. This, eventually, causes t he mar ker 26 whi ch is fIrxeato-the

vehicle co%g&r?a L2 Vgﬁ* Hﬁsélg&ﬁ LifleiaReD shdiC gl @@ind OF t he
respective "nmar e? % represen s_t | mage flel d of a I’BSOI’dI ng
canera 10. écmﬁgaﬁﬁ pasp e o5l 159 R PO WS RR e

is identifiable through microwaves or not and uncil the recording of

the mumber plate can ocgur.

During this displacement a differentiating must be maintained between
such vehicles far which search and post-debiting shall take place, and
such for which payment has been assured by means of a transponder. This
requires that the toll facility is provided with an equipment for the
registzation of the successive forward displacement of the vheicle,
sotbatxtxsenstmeithatthexmgezsregzs:eredforthemec-vem:le.
l.e.amdehm&cnnassznqmercadtcllhasbeenscabhsbedtc
bavedzssansfactqrypaymn:stams This positicning check shall thereby
be effected while sevaral 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 whersby a
verysm:timeisavaﬁable. '

Inoxde:towrfomtmspasxtmmgche:kdnrmgthedxsplmm
themllfac:.utyandﬂzoughthermdmgsxtemhasbemsuggs:ed
musexnd:mmlocpsmtnemad»ay With the aid of these it is possihle
mdetec:thed;snlmoftbemlmssofavehmleandfouow

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

Such a device is however expensive and diffieult ©o install as it mst
bte countersunk into the roadway. It is also difficult to render it
"-s::xffici,enﬂy',selec:ive, SO as to in effect guarantee that no confusion
between vehicles moving in a complex movement pattern at high speed
OCCUrs . Eb:eover,cen:ainvehicls suchas.m:crmlsmbediffi'cult
to register at all.



This is detected by the conputer, and activation
occurs, so that an exposure of the nunber plate
The produced inage is stored for exanple on a co
trransmtted to the central canputer 16 for stori
shown in Fig. i
of the front nunber plate is made inzthe pl ace
m crowave transceiver 7 occurs and-+he—trear plat

vehicl e hﬂ

S

rlh 19 gr n errenf[

passed the gantry 1. The recording !
It is an object of the present invention to use image processing by means of video cameras
to detect the displacement of a vehicle. State of the art may be represented by documents:

Patent Abstracts of Japan, Vol. 9, No. 127, P-360; & JP-A-60 010 112
Derwent’s Abstract, No. H8658 D/34, week 8134; & SU-A-777427
US-A4 555618

In these documents Patent Abstracts of Japan, Vol. 9, No. 127, P-360; & JP-A-60 010 112
discloses a method for registration of the position of a vehicle by use of comparing signals
from videocameras detecting the front and rear position, respectively, of a vehicle. It is not
described here how to distinguish different vehicles from each other and a vehicle from
disturbing objects by means of an image processing. ° C

Derwent’s Abstract, No. H8658 D/34, week 8134; & SU-A-777427 discloses a method for
measuring shape and parameters of a moving object by means of stereo recording images
of the object. No displacement detection for tracking the vehicle is described.

US-A-4 555 618, in turn, discloses a toll gate system having a video camera for activation
of a toll bar only, thus solving another problem than the object of this invention.

DESCRIPTION OF THE INVENTION '
In the invention as defined in method claim 1 and apparatus claxm 5-
.video cameras are used for the detection, arranged at a distance above the
roadway. In the image planes of the cameras the position and the successive displacements
of the respective vehicle are

tive, cording
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- 14 - shall then in the first case be made when}t pl at e
26 of the vehicle passes the marker for one of the m&@ﬁ%ﬁﬁﬁgﬁ tled
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registered. In an image processing computer one or more contrast fields
in the recording of the vehicle is/are connected to its/their identity
in an image processing and via the displacement of this or these fields
in the image plane in the camera a registration of the displacement

can take place successively. By programming in image processing the
position of a recording field of a camera, when the vehicle has reached
this field, an exposure of the number plate can take place through the
activation of the recording camera. The vehicle, whose displacement

is tracked, has during passing whitin the road toll facility been
registered with respect to payment status, so that after entry those
vehicles which have dissatisfactory payment status can be tracked and
recorded.
mmproceedingthtoughsmhap:ocessfotthesuccessivepcsitions

of displacement, there are disturbances that must be eliminated in order
to achieve a safe registering. m&sed;smbancsrelatetophm
suchasshadms.mndermgﬁeldsoflxghtand:eflecucnsmmemadway
etc. According to the invention these disturbances are eliminated in
that, for the detection of the momentary positions of the vehicle, comtrast
fields of the vehicle are used that are present at a certain distance
frcm’chemadway for example the contour of the roof. Selec:umof
andlodcmgatsmhafzeldtakeplacemap:oc&ssmwmchstereo
records fram two cameras arranged in a pair are processed in an image
analysingprocess.aye:cludingin:hiswaywhatoccursonandhmdiately
above the ground a safe tracking of the vehicle is achieved during the
whole of its displacement until recording occurs.

DESCRIPTION OF THE DRAWINGS

Intheaccmg;nyingdrawimsaprefenedenbodimtoftheinvention
is illustrated, wherein

Fig. 1 shows in perspective a road toll arrangement;

Fig. 2 shows a bleck diagram for the main functions of the arrangement;



‘at the traffic flow and the recording of the rear

ts
mer ker passes the marker for the caneras directed I%ﬁﬁﬁEEHENTﬁﬁqEWOh of
the traffic flow Later, a reading of the stored
post-debiting of the vehicle fee and possible finejfi tpbly,
each record is connected to certain data produced hi t he
process, such as tine and place, the status of the ed with
or | acking transponder, and al so vehic%e type. necki ng the vehiclle type
can be of interest for deternmning the anount of the fTee—Athough~the

vehi cl e type shoul d be possible to read out,

Fig. 3 shows schematically an arrangement of two video cameras for said
registration of the successive displacement:

Fig. 4 shows two superimposed sterec records:
E‘ig.Sshcwsth&setwostereoreoo:dsbrcughttogether:and

Fig. 6 shows a position of displacement ofthevem.cleotherthanthat
shown in Fig. 5, that is when the vehicle has reached the recording
site.

PREFERRED EMBODIMENT

According to Fig. 1 an autcmatic road toll facility according to the
invention is provided with a gantry 1l which extends above a rcad 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-takings. It

is thus a free-flow system, wh:.d‘zaslxttleaspcsszbleshalldxsrupt

the traffic flow. '

mtheqanuy,théreareattacmmughtfittitmg’ssandanmber

of transmitter and receiver units 7 for microwaves, three of which are
shown here, including antennae for these. In additicn, there is on either
sideavideo.came:as.di:eccedattheappraachin;mfficflwto:egister
vehicles which unpermittedly are driven on the verge. In additicnm, at

the top center of the gantry a pair of video cameras 9 are shown, directed
downwazds at the traffic flow. Alternatively, several such pairs of
cameras can'be arranged. Furthermore, cameras 10 in three pairs of video
cameras lu.aredirectedtm:dsaMahay from the traffic flow. These
pairs of cameras are shown located approximately at the centre of the
respective lane 3. In each pair one of the cameras is directed against
and one along the direction of the traffic flow.



wiith the aid of the nunber plate, fromthe authority _vehicle register,

spéci al detection of the vehicle type provides a possi hat
LR SEES

a&ny excahnge of nunber plates between different veh|c ur r ed.
For detecting which category, passenger car, bus, trluck or_ notor cydl¢g, the
vehi cl e in question belongs to, the equipnent for th u&éb§@my§530=|t|on
di spl acenent can be used. This equi pnent provides, ribed. a nedding

of the height conditions of the vehicle6through indifcation by neans off the

contour displacenment between the two Stereo records—seenpare £ig. 44 The

greater the %@%ﬁ&%ﬁ&m £ N cRREb] @Beiilef 18 SAdrOtheOEoricheL

vehi cl e. ByAgglng t he egree o this dlsplacenent |tﬁtgejllq?e proceSS|ng

a hei ght gr 8prFapeang TRicBys central
turnconnectedtoacent:alnetfcrfur:hercmmxcauan.

The main functions and function units of the arrangement are evident
from the block diagram in Fig. 2. Therein, 12 designates the equipment
understood to be provided in the majority of vehicles 4.

Smﬂtmneqﬁpnmm.auxbeaitmuspmﬁhrlxﬁtJJ,vmidxﬂsanmmgaito
pick up 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 comsist of data
regard:.nqpaymentcond:.uons (ifdebiéingshallocmrorifp:e—pawent
via a pay card 14, smart card, has been made). :

Other elements in the block diagram relate to the stationary equipment.

On the gantry there are located the transmitter and reciever equipment

7 for microwaves, video cameras 8 and the camera pair 9 as well as the
video cameras 10, which are all identified by the same mmbers in the
block diagram. Other elements belong to said equipment with which the
_equimonthesmnommimts.mi;equimentmmisea

‘unit 11 for checking the transmitter and receiver equipment 7 and which
controls the debiting of vehicles which are provided with the equipment 12.

In addition, there is said equipment for checking vehicles which are
not provided with any unit 12-14 and for which there is a need for
identification in a different way, and examination 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
(cnly two of which are shown) for recording the number plate of the
vehicles that shall be checked particularly. 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 compression and storing of same. These records can be



This will for different categories of vehicles have a chatacteristic
appear ance and di nension. So, a passanger car of npD
frfont and a rear |lower portin, the bonnet and the

I nbetween -a higher portion, the passenger space. A bu
has usually an alnost vertical front and rear porti ;IQ
relatively plane roof. Wth such shapes as a basis tlhe reéor
graphs can be detected and fitted into a vehicle catjed
elements as well, created through contrasts in diffgrent

LY

|nage flelds

RO
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commnicated to a central facility 16 for post-processing m cennection
with search and post-debiting of vehicles that have passed without paying.

Broadly, except for the arrangement with the cameras 9, this system
corresponds to what has been stated in the introduction as known. However,
there is within the system a part soclution that relates to the system

for the successive position registration of vehicles between the place

of entry into the road toll facility and registration of the identification
images. This part solution 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 through subtracticn frem a pre~paid card, smart card, when the
vehicle passes the road toll facility. This case leads to the following

cperational steps:
'mevehicleapp:joaches-themimvetmmitwisactivated.

- Conmmand is transmitted - the transponder of the vehicle answers
- the microwave transmitter registers the position of the vehicle
and checks payment status. o
 * Debiting occurs - through activation from the transponder the debiting
. is registered in the vehicle. '

Reporting to the central unit of performed transaction.

If however the vehicle is not equipped for autcmatic 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
through video recording of its number plate. This shall occur when the
vehicle is in a certain position, the recording site, relative to the
respective cameras 10. Fram the moment when the position of the vehicle
has first been registered and until the vehicle has come in position
for recording, it shall be tracked. Such tracking or successive position
registration must be possible to perform, irrespective of the speed



':_15 -

. within the vehicle contour can be used for determnation of the
vehi cl e category.

REPLACEMENT SHEET
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of the vehicle, changes in speed and changes in the direction of travel.
Recording for post-processing shall only, under maintained identification,
be registered for such vehicles for which no approved fee debiting has
been performed by means of the described interaction between the microwave
transmitter and the vehicle equipment with its transponder.

The successive position registration is performed with the aid of the
video cameras 9, the pair of cameras co-operating with an equipment
for image processing. The operational seguence for the camera units
and the image processing equirment camprises the following steps:

AcEJ.vat:.on occurs either via the microwave transceiver and/cr
directly in that the vehicles enter the image field of any cne
of the cameras 9.

The successive position registration by means of the cameras is
initiated.

The position, such as it appears from the position in the image
field of the two co-cperating cameras; is correlated to cne in
the same moment, with the aid of the position that the microwave
transceiver can register for vehicles provided with a transponder.

If through the microwave transceiver approved payment is registered,
the system is made passive for the successive position registration
of the vehicle in questicn.

If however approved debiting could not be performed, the successive
position registration of the vehicle in question continues.

Along the contour of the registered vehicle a marker is placed

on the spot where a number plate is supposed to be located - possibly
a marker can be placed both in the position of .the front number
plate and of the rear number plate. :



The met hod according to the invention of tracking and detecting the
successi ve di spl acenent of a vehicle by neans of i-deo-recarding
conparises the recording of stereo inmages and by corRERLAOBMENESMEET
eStablishing a contour of the vehicle that is present—at—a—distance
t he roadway on which the vehicle noves. This contoyr OQ ,anllmpmg of
additional contours are thereafter used as the imape r{ h
occurs and through whose the displacenent in the imge—eld-the-Mehicle
novenent can be registered. In Fig: 93-the principle of. the stereo
recording i.s shown in a synmmetrical__arrangenent. 'IJ '

directed that the central axes 21 of the objectives hit each other in a

mut ual poi nt i ntine imags\Ebeld thebleciss ahfizkd mérikingt fornthes imagecfiedd| |y | ocat ed

relative to thi°§@gi%dingmcrm,

When the vehicle marker has reached the marker of the recording
camera it is activated for the recording of the number plate or
plates of the vehicle.

The recording can be comnected to a registration of data such as
time and place and data regarding the vehicle such as its type
(passenger car, bus, truck, motor cycle).

The produced records are. stored for processing, so that post-debiting
of the toll and possible fine can be effected.

According to the here given flow scheme cnly the vehicles that by means
of microwave commmication have been stated not to have approved payment
status are recorded. This means that the vehicle must be tracked while
thepaymentandd:edungaperatmnzspe:fcmeduptotherecordingsme.
mlsgzmarelauvelyex:endedtollfaczlztyareasmcethepayment
operation requires a certain time during which a fast vehicle travels

a relatively long distance. To this distance adds the distance that
isrequiredfortheremdmgsxte.mﬂiéwl-nledismce tracking
mstbepe:fomedﬁuchngesamespo:ﬁmglyextendedmtonng
area for the video cameras.

In an alternative sclution, the mumber plates of all incoming vehicles

are recorded and txacked thereafter during the payment operation including
the checking cperaticn of payment status. The reccrded vehicles can
hereafter be separated into two groups, firstly such that can make the
correct payment and secondly such that cannot. For the latter the recording
‘of the number plates are given a special marking which indicates that
post-debiting shall be performed. Preferably, this marking cccurs in

that only these records are registered finally while all others are
deleted from the storing means, which can be a magnetic disc for example.
By performing the payment/dxeckix;g and recording cperation in this way



Especially the latter should occur nore seldomin reality. icle _can
have different. positions sideways within the operational fREﬂL@CEMENh%HtET
caneras. This |leads to a displacenent of the vehicle contopr

image field. In spite of this, the described main principl m oy%
regi stration can be used. This Is true even if the canera a g’g
shoul d not be entirely symmetrical or if any other axis thfobgh—the

obj ectives than the central axis shoul & b@ used as the axes of reference

which shall intersect each other in the—reagway. The descrited—trage
processi ng has been designated as to its, main steps. Further. s s can be
added such a¥%0%rheEPY LR 9 ERe QBT T %‘gt he

caneras,, whef hkhe asllberingémenit 48, reduded.a correct shape on the i mge field
of the camera. Qther processing steps can also be added wi thout deviating

from the basic principle.
which one of these two described operational sequences is chosen does

not affect the main function of tracking the vehicle by means of the
camera pair 9.

Even if recording the number plate or other characteristic is understood
here, it does not exclude that recording can be performed in any other
way, for example by reading the mumber code of the plate or any other
code. _

In the following, the image processing shall now be described from the
time when both video cameras in the pair 9 are activated until the
successive position tracking has been concluded when the payment status
of the vehicle has been established and possibly registered.

In the successive position registration, by electronic processing of
the images of the video cameras only, there are certain problems, which
mst be eliminated. The major problem is how the contour and contrasts
within the vehicle could be separated from other contours and contrasts
in the image field, which do not represent this particular vehicle.
Suchcontourscanappearthmughshadmsfmobjec:smthesms
and above all movable shadows from simmltanecusly passing vehicles.

In addition, there may be reflections, &spec:ally at rainy weather.
Such phencmena appear on or inmediately above the roadway, while every
vehicle that shall be registered has a certain height. Consequently,
caly the contours of cbjects that are present with any portion at a
certain height above the roadway are reccrded and tracked, said height
however not being in any way predetermined; vehicles of many different
kinds can pass the rcad toll facility. Bow this is achieved is evident
from the follewing, wherein Fig. 3-6 are referred to.

In Fig. 3 it is shown, in a view seen in the horizontal direction, a
portion of the road toll gate in Fig. l. For identical functional parts
the same designations have been used; thus represented are the rocad



In-a canmera pair several vehicles can be tracked and registered sinul-

taneously. |f change of |anes occurs, the vehicle nust d e this—+aet
possible to track. Thereby, it is either required that 01 éﬁﬁEME‘M&SHEET
covers all the lanes or that the inage processing allows|thé tTamster—of
vehicle image between several canera pairs. In the fornmef tages tam 1339

-11 -
toll gantry 1, the roadway 2 and a vehicle 4, as well as two video cameras
9, which jointly form said unit. Fig. 3 is more schematic than Fig. 1
cch has not the same proportions.

The two video cameras are directed so as to overlap each cther's image
field at least in part. They are located at a distance from each cther
and the overlapping is achieved in that they are directed with their
cbjectives 20 towards each other. Suitably, they are so directed that
theirrespectivecmtralamnthrcughtheobjecéimneeteadloﬂ:er
in the roadway 2. Fram this follows that in the image planes 22 of the
two cameras, a stereo record appears, i.e. two records that show the
object in question from two different angles.

By such recording with cameras at a distance from each other and with
overlapping image fields, an imagined plane can be laid through the
respective cbjectives, which two planes intersect in a determined line
at a distance from the cameras. In the arrangement shown in Fig. 3 it
is shown for the left camera that this plane is located in the central
axis 21 of the cbjective, and thereby forms a centre line to the image
plane 22. m:lghtmeraSwduec:edmthesamemy.‘mesemm
of the cameras is such that these central planes hit each cther in the
roadwayanhtatthecentrebetwmthecmras(themqmedplm
-_a:eperpendz.wlartotheplaneofthepaner).aereby the records produced
by the two cameras of the roadway and only of it, will correspond almost
campletely.

In positions above the rcadway, however, the records in the two cameras
differ more and more from each other the higher above the roadway the
recorded portion is located. This is shown by additional lines at the
left camera. So it is shown, how the contour of an area 24, which shall
mark the front or rear portion of the vehicle (on a saloon model), will
displace itself relatiwve to the plane 21 of the central axis. The porticn
25, which is intended to designate the roof of the vehicle will be placed
even more out of centre relative to the central axis 21. In the other
Camera the same phencmenon appears, but here the displacement occurs



- 16 - the arrangenent can be reduced to one caner a pair if the whole
roadway is covered by it. At the first designated alternative it was
supposed that only the vehicles that shall be searched, @E+e—+acked _and

récorded. However, deletion of the record can be perfor feBERLAGEMENTt SRE®DS
eh+e+{5;4;uLjiF

the process, and according to the second alternative allj v
tracked and recorded but
0% 1A% 1939
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relative to the central axis in the opposite direction. Recording in
this way is called stereo recording.

This is illustrated in Fig. 4 in which it is shown how a conceived image
produced by 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 porticns
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
mansofscereorécordingahighportion, at a certain height, of a
vehicle for a detecticon of its position, the effect of said disturbances
byshadmandreflectionsintheplaneofthercadmycanbeeﬁsﬁnated.

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

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

In order to record the place cn the vehicle where the mumber plate is
attached, & 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
'pasition of the vehicle. As menticned, the marker is placed over the ex-
ternal contoyt 24 of the vehicle and encircles the area where the mumber
plate is supposed to be located. In Fig. 5 it is suggested that the rear
mumber plate of the vehicle is intended. Cne of the cameras shown in

Fig. 10 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 alternmatively or additiocnally be recorded.

In Fig. 1 a further arrangement of recording cameras is shown. In this
case, a marker is also positiocned at the front contour line of the vehicle.




stering only inmages of vehicles that shall be searched for. ,
such i mages that shall be post-processed, the transceiver qBElﬁmﬂfﬂEt‘ﬂENTnSllsEET
work with the detection of vehicles provided with a transpgn -Fma-ns...
of .several antennae the position of a vehicle entering thejo eigat-) 1,;1 §§e
of the toll facility can be estimated. This is used for co 3’ g
vehicle identification in the mcrowave-and canmera syste

A preferred method of operation is thata.the caneras 9 catch all vehlcles
when they enter the image field. Sinultaneously, the m crowave system
perforns its checking and debiting doperation. Wien acceptance of this has
been regi st emdt.heV\tumi‘fammtym HatFighel vehiscirdehstood that tthe Yecqrtiing
romentary PRl ddR bl bl ke el Guaihr (Ratlll B YheVeniOe Bl QBYES. T S

position can now
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.

LA

The marker can be given the shape of a field or frame inserted as a
partofthermdmgintheimagefieldofﬂ:emgeraandmvablealmq
with the contour of the vehicle during its displacement. Alternatively,

in the image processing program the marker can be defined with coordinates
startingoutfmthecmtourzs.
Intheimagefieldofthecmeratﬁereisoneadditicnalorseveralmarkers
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 ar expressed as fixed coordinates for example. Each
marker 28 designates an area of racording 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 camputer
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, o 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 cbtained.
This is detected by the camputer, and activation of the recording camera
occurs, so that an exposure of the number plate of the vehicle is made.

mep:odueéé_imageisstnredformleonammdisccris-
transmitted to the central computer 16 for staring.

In the arrangement shown in Fig. 1 according to the secondly mentioned
alternative, recording of the front mumber 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



to.the position of the corresponding vehicle in the inage_processing.

Thereby, this vehicle can be elimnated fromthe search pr rnat
it shall be nmentioned that the caneras 8 at the verge arft ngngréhﬂﬁée
to record all vehicles that are driven on the verge of the{road. Such

traffic shoul d al ways be considered unpermtted if it isfnotfleh chse 46
wor ki ng vehicles and certain official vehicles. L

jon
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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 wehicle 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 cut,

with the aid of the mmber plate, from the authcrity 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 questicn belongs to, the equipment for the successive
position displacement can be used. This equipment provides, as described,
a reading of the height conditions of the vehicle through indicatien

by means of the contour displacements between the two stereo recards,
campare 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 graph for the vehicle can be produced.
"This will for different categories of vehicles 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 porticn 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. Other image
elements as well, created through contrasts in different image fields



REPLACEMENT SHEET Cl ai s -17- 1. A method for
regi stration of the displacenent of a vehicle (4) on the ground (2),
cthar acteri zedinthat, for the registration of tfre—suecessine

di spl acenent positions of the vehicle (4) a video ca rﬁEmMWRMENESHEET
utilized |ocated at a distance . above the ground and prjov
caneras (9) spaced fromeach other in a di rection subga gﬁ%'%ﬂm 1399

parallel to the plane of the ground (2), the caneras directdgd |t
record, each of them on their respeggive i mage planes (22) Ja !
ground (2), sai d i mages bei ng-brought to overlap eachfother, at |east

perty, whereby there are
within the vehicle conmtour can be used for determination of the vehicle

category.

The method according to the invention of tracking and detecting the
successive displacement of a vehicle by means of video recording comprises
the recording of stereo images and by comparing these establishing a
contour of the wvehicle that is present at a distance fram the roadway

on which the vehicle moves. This contour or any part of same or additional
contours are thersafter 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 symmetrical
arrangement. The cameras 9 are so directed that the central axes 21
oftmgcﬂﬁeaﬁmes2ﬁ$<gmh<nme:in.aunUEn.poﬂn:intme:xmmuw'z.
The vehicle 4 in tum ussmnmxrﬂaﬂlylnanxd:nﬂatnmztctmmspanm_
&ﬂacuﬂlytmeIatuu:shmﬂdcxxurmameseuhm.u1rau4ty.!hexmhuﬂe
can have different positions sideways within the cperaticnal 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
'pnsﬂﬁnn:n;ﬁstnnﬂnn.cmmbetmeapihisis true even if the camera
arrangement should not be entirely symmetrical or if any other axis
through the cbjectives than the central .axis should be used as the axes
of reference which shall intersect each other in the roadway.

The:kscfﬂxﬂ.ﬂmqﬁepmmﬂnwingtus been designated as to its main steps.
Purther steps can be added such as correction 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-
tanecusly. If change of lanes cccurs, 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 vehicle image between several camera pairs. In the former case



preduced, in the caneras, stereo records, conprising pairs of said

over | appi ng i mges identifying vehlcle sections off ghd T "eveE

wi't hin the two overlapping i mages by conparing the @%ﬂ#@ggﬁh?AQﬂﬁﬁi

wi t-hin the contour of the vehicle in both inages fng eval uating the
di spl acenent of corresponding contrast fields and{tyaBki nhi 899
vehicle on the basis of the identified vehicle sertitans. 2

A-met hod according to claim11, further including the step of the recording
of the nunber plate or other characteristic of a viehicle (4) when the
vehi cl e has reached a predeternd ngd-recording site (28), c har act
eri zedgp @cw%elmaﬁa%sw&ﬁth@mhow ker (26)
S aIIocated to a contrast field at a position relative to the contour
of the fleldlifﬂ$“€g &&ponding to the |ocation of the nunber plate or

ot her charactistic ofthe vehicle and in that an additional, marker (28) is

allocated to [ t Eﬁﬂ
recordi ng eqﬁ% hﬁe fﬂ:s_% aég?é} 3; 'S act | vate ier?&)m Ee recor I ng ‘é t he

nunber plate
oftmgraxmicaxbegn:&nmsiatanwrszpcﬁ'um:mmmaﬁ and according

totmese:mdal&umﬂuwaallvdushz;cmxbet:adwdauﬂunxunkﬂ!mm
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 operaticnal area of the toll facility can be estimated,
This is used for correlating the wehicle 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 fieid.
Simultanecusly, the microwave system performs its checking and debiting
cperaticn. When acceptance of this has been registered, which provides
that the vehicle has a unit 12, the momentary position of the wehicle
is calculated by the microwaves. This position can now be correlated
0 the;xsztux:oftmec:n:quuﬁhng'wancle.utthe image processing.
Thereby, 1ﬂus VEh;CLEGﬁRIhE elﬁmunn:ﬂ ﬁn:nthe search;m::ess

Fﬁﬁnly.itsmzu.bennnthnmd'uﬁm<ﬂﬁzcmmnasi!at'uuaveqxza:esﬁduﬁﬂy
a:nmmmd'u:reunﬂ.dﬂ;vdﬁxdss'ﬂﬁn:a:ecﬁdxencxxthexmmgecﬁfthe

road. Smﬂ:tnuﬁkcsmnuhialmqs'be<:msnhuzd|xmnnmuxad:£ it is

not a case of working vehicles and certain official vehicles.
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contour graph is conpared with established heifg
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di fferent vehicle categories, such™dd - for pasdenger car buses, frucks

and not or cycClaimashi | e produci ng data 1 ndicating

the. .cateqgorv
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bel ongi ng of the registered vehicle. 4. A nethod according to claim1, 2

or 3, in which thenetiebier registitin@e tedftplacement of LBl

er i

RYUpEd &L b%uﬂi‘(zg ;/ehi cle
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(4) on pafﬁi ng. ﬁcth&Qd:g!rlizE;aCianMohﬁe the ! m
Z e In a 1 i : e
(4) enters the | Qhdveistrbdak e 1 Ak H’ﬁf@e e itk

di spl acement of t4f}€ion substantially parallet to the plane of the ground (2), the cameras directed to
record, each of them, on their respective image planes (22) an area of the ground (2),
said images being brought to overlap each ather, at least partly, whereby thereare
produced, in the cameras, stereo records: comprising pairs of said overlapping

images identifying vehicle sections of different levels within the
two overlapping images by comparing the contrast fields within the

* contaur of the vehicle in both images and evaluating the displacement

of corresponding contrast fields and tracking the vehicle on the basis
Oof the identified vehicle sections. |
A-method according to claim 1, firther including the step of the recording of the

) number plate or other characteristic of a vehicle (4) when the vehicle bas reached a

predetermined recording site (28),characterized in that, in the image
processing at least one marker (26) is allocated to a contrast field at a position .
relative to the contour of the field (24) corresponding to the location of the aumber
plate or other characteristic of the vehicle and in that an additional marker (28) is
allocared to the location at which recording takes place and in that recording equip-
ment (9) is activated to perform the recording of the number plate when said two

markers coincide.

3..Amethod according to claim 1 or2,characterized in that, by comparing the
displacements of different vehicle contours.(24, 25) in various height levels in the

»  two stereo records in the image processing a beight contour graph is produced for the
registration of the category of the vehicie (4) and in that said height contour graph is
compared with established height contours for different vehicle categories, such as
forpassengerws,bmmcksandmomrcydswhﬂepmdmingdmindimﬁng

the category belonging of the registered vehicle.

.4 . . A method adcording to claim 1, 2 or 3, in which the number plate or other
characteristic of a vehicle (4) on passing a road toll facility is recorded,
characterized in that the recording is performed when the respective vehicle
(4) enters the toll facility, in that the successive position of displacement of the
vehicle is tracked between a first momentary position at the detection of the vehicle
and at least until a further position at which recording can take place.

5 . A device for performing the method of registration of the displacement of a vehicie
(4) onthegrotmd (2) according to claims 1,2,3 or4,characterized inthatat
Imt.oqe video camera equipment is arranged at a distance above the ground (2)
consisting of at least one pair of video cameras (9) spaced from each otherin a
direction subfm;niauy parallei to the plane of the ground, the cameras directad to
record on their mpc;&ve image planes (22) an area of the ground (2), said images at
leasf party owferiappmg each other, whereby in the cameras, sterso records comprising
Jpairs of said overlapping images are produced, and in that ag
Image processor is arranged for identifying vehicle sections




vehicle is tracked between a first momentary position at the detection of
the vehicle and at least until a further position at which recording
ake place. 5 A device for perform ng the method of—registration,

g?gz;i if! ﬂ"ﬁm}hmmwehl cle (4) on the ground (2) gcREPUACFMENT SHEETS

cteri zedinthat at | das; ngr a

equi pnent s ar anged at a di stance above the ground (2) cq) si,ir"i @ﬁ of at
| east one pair of video caneras (9)l&paced from each otfher e ?e tijon
substantially parallel to the plane of the ground, the |c& ' fo

record on their respective inmage planes (22) an area of] the ground (2),
sai d i mages at | east parly overapping each other by Ymrttre—careras;
stereo records conprising pairs of said overl appi ng i mages are produced,
and in that anfd.é'frranqei Rl ocessor is arranged for identifying vehicle
sections. ~otdi eremt levels within th‘e two overlapping images by comparing the contrast

felds within the contour of the vehicle in both images and by evaluating the

displacement of corresponding contrast fields, and for tracking the vehicle on the

basis of the identified vehicle positions. N

6. Adeviceaccordingtoclaim5,characterized in thatitis arranged asan
equipment in a road toll facility for automatic fee registration of passing vehicles (2),
the video camera equipment (9) being arranged to registrate the successive positions
of displacements of the respective vehicle when passing the operational area of the
toll facility and through at least one place of recording in which is arranged a means
for recording an identification characteristic of the vehicle, for example its aumber
plate, as well as at least one video camera (10) arranged to record the number plate or
other Characteristic of the vehicle in question and the image processing equipment
further being arranged to activate the means (10) for recording through indication
from the firstly said camera equipment (9), when the number plate of the vehicle or
other characteristic has reached the recording site.

7.  Adevice according to claim 6,characterized in that the road toll facility is
furthermore arranged with at least one equipment (7) for communication by means of
radiowaves with vehicle units (12) arranged for being located in the vehicles (2)
comprising transmitter and receiver equipment for the radiowaves, preferably a
transponder (13), and arranged to make fee debiting and checking of payment status
possible by means of radiowaves, said device being adapted to perform a selection
between such vehicles for which debiting operation has been registered by means of
the transmitter and receiver equipment, and the vehicles for which debiting has not
been registered.

8. Adeviceaccordingtoclaim7,characterized in that the road toll equipment
(7, 11) further comprises a device for recording data such as time and place of the
passage of the respective vehicle (4) and preferably also for registrating the category
of vehicle, and which furthermore is adapted to associate said recorded data to the
respective recording of the number plate or other characteristic of the vehicle in
question.

9. Adeviceaccordingtoclaim7or8,characterized in that the road toll facility
includes:

- recording means such as recording cameras (10) for recording the identity of all the
. veyicles on their entry into the operational area of the toll facility,

- video camera equipment (9) arranged for performing registration of the successive

dl_ssplac‘:iment positions of a vehicle while said vehicle passes within said operational

area an

- means for checking the payment status of said vehicle and means for effecting

payment in the road toll facility for said vehicle

the road toll facility further including means for selectively tracking those vehicles for

which disapproved payment status has been established.
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A METHOD AND A DEVICE FOR THE REGISTRATION OF THE
MOVEMENT OF A VEEICLE

Absgtract

A method and device for registering the successive
positions of displacements of a vehicle by means of
pairs of video cameras (10), which are located at a
distance above the ground for the vehicle. The cameras
are at a distance from each other and directed each so
as to-record the ground (2) as area which overlap each
other. Hereby, in the cameras, pairs of stereo records
are produced, which are compared in an image
proc.essing. With the aid of the different positions
for such vehicle contours (24, 25), which are located
at different heighi levels above the ground, such a
contour is selected which through substantial
displacement between the two records is indicated to
be located at a distance above 'the ground. This
vehicle contour (25) is used in the image processing
as an indicator in the t:facking of' the displacement of
the vehicle.

Figuré 3.

te




of different levels within the two overlapping i mages by conparing the

cont r ast fields wthin the contour of the vehicl ge+Abeth—+rages—and
by eval uating the di spl acenent of correspondi ng :dREPrLAEEMEN'EISLﬂ{EETahd
for tracking the vehicle on the basis of the ideptirfet—vel
positions. 6. A device according to claims, ¢ h arfajcatgerdnhagy € d
inthat it is arranged as an equi pment in a road {olll “faci ity f
automatic fee registration of passing vehicles (2), “thee-vid rp
equi pnment (9) being arranged to regitédrate the successi ye positions

of displacenents of the e vehi cl e when passi ng the operational
area of the tf : yrrare=tai-agl at | east one place of recording
in which is arranged \ ding an identificatesq
characteristic of the | X "E’T\-‘.'\\ unber pl atel as wel |
as at | east one videfy | 0 TRpLd the nunbe fate or

ot hertharacteristic @ pn an he | mage p@ ssi ng
equi pnent |




further being arranged to activate the nmeans (10) for recording through

i ndi cation fromthe firstly said canera equi pnent (9), when the
nanber plate of the vehicle or ot her characterlbl t he
recording site. 7. A devi ce according to claimé, ugﬂﬁﬁ@ﬁ'@ﬁaﬁd iz
e dinthat the road toll facility is further r arranged w fh ]at

| east one equi pnment (7) for communication by neans pe ;maﬁLﬁﬂaL 4§ wth
vehicle units (12) arranged for being located in th vnhlcles (2)
conprising transmtter and receiverzggui pment for the radi owaves, _
preferably a transponder (13), and arranged toj nake fee debi | and

checki ng of paynent status possi bl e by neans o
devi ce being adapted to performa sel ection
whi ch debiting operation has been registered by nmeans of

transmtter and receiver equi pnent, and the vehicl es_far

radl owaves,
bet ween such vehicles for

sai d

t he
vhi ch debi ting has

not been regi stered.
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8. A device according toclaim7, char acter i zedinthat the
road toll equi pnent (7, 11) further conprises a device for recording

data such as tinme and place of the passage of e T =T VEhi cl e
(4) and preferably also for registrating the categ@régbLAC%ﬁE@f éﬂgiﬂc e, andﬂ

which furthernore is adapted to associate said recgrded data-to thn
respective recording of the nunber plate or other ¢har8cketilytizag | he
vehicle in guestion. 9. A devi ce accordin oclaim7 or B,Jc h a
racteri zedinthat the road toll3facility I ncl udes: f -
recordi ng means such as recording caneras (10) for{recording the idehtity
of all the vehicles on their entry into the operational area of the tol
facility, - video canera equi pnment (9) arranged for performng

regi stration of the successive di spl acenent positions of a vehicle while

sai d vehicle passes within said operational
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area and - nmeans for checking the paynent status of said vehicle and
means for effecting paynment in the road toll facility for said vehicle
the road toll facility further including nmeans for sel getwelytracki ng

t hose vehicles for whi ch di sapproved payment st at us | FREPLBGEMENT SHEgT
est abl i shed. ~ —— :
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