;e3e@@nol q. g s6sTsel K,. . n~~~~~~ e TITLE OF THE | NVENTI ON | MAGE

, PROCESSI NG DEVI CE, | MAGE PROCESSI NG METHOD AND VEHI CLE MONI TORI NG SYSTEM
BACKGROUND OF THE INVENTION 5 Field of the Invention The present invention
relates to an image processing device, an inmge proceSS|n

vehicle nonitoring systemused for traffic nonitoring. R w&‘@ \m% mound
Art 10 An inage processing device for automatically dete es
divides a zone to be nonitored in a highway or general road i'#8%a

plurality ofpirragidie BfeasrewPfeyi ding a canera for each inmaging area and
perform ng imege processtng pased on the inage signals 15 fromthe cameras.

I'n the device, thepaat ePRb@ESQ&N\GehﬁL@Jf]@ | sTReEEOTRGE Y TRACHE rABYI NY
area, and the ID and vehicle imges are transferred for tracki ng a certain

vehi cl e ovenng piEMadris Wi tdRatdceseas. It is still not easy to track a
vehicle over a ' 20 plurality of inmaging areas with the above devi ce.

Referring taadxroliD aveluE! anddriowa position PL at tinme tl noves to a
position PZ7at tinme t2. An image of the vehicle 100 is stored at tine tl,

and tshe vehimgleg dLQF ithdetrpedreti svhen the tine reaches tZ. By a 25 tenplate
mat chi ng befween thé Tnage of thé detected vehicle 100 and the stored i mage

of the vehicle 1GQe i tpte$6RAB002nventicn detrenaitred that e vehhgée 100
has nmoved to the
processing device, an 1image processing method and a

vehicle monitoring system used for traffic monitoring.

Related Background Art

10 An 1image processing device for automatically
detecting vehicles divides a zone to be monitored in a
highway or general road into a plurality of imaging
areas by providing a camera for each imaging area and
performing image processing based on the image signals

15 from the cameras. In the device, the detection of
vehicles is performed for each imaging area, and the ID
and vehicle images are transferred for tracking a
certain vehicle over a plurality of imaging areas.

It is still not easy to track a vehicle over a

20 plurality of imaging areas with the above device.
Referring to Fig. 10, a vehicle 100 in a position P; at
time t; moves to a position P; at time t;. An image of
the wvehicle 100 1is stored at time t;, and the vehicle
100 1is detected when the time reaches t,. By a

25 template matching between the image of the detected

vehicle 100 and the stored image of the wvehicle 100, it

*G00002*
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position P2. The inmage processing device tracks the vehicle in this way.

. When the vehicle 100 has noved to the position P3, 5 the device perforns a
tenplate matching |i ke one performed when the vehicle 100 noved to the
position Pz. At the position P3, however, the vehicle 100 is | ocated across
the first and second i magi ng areas 300a and 300b, and it is.difficult to
determ ne whether the detected 10 vehicle coincides with the vehicle 100
even when using the tenplate matching. Therefore the inage processing

devi ce has diffi,cul , ass| I : jcle 100 even if the IDis
transferred % g%gF%%%é%dfd$ﬁ¥€e%§gcg%%8%%g§iﬁgﬂgr%§SB Y64§n8°tﬁ§§
degrades th : racy of e. i.cle. i ng. QNQ%RY E ENTI ON
Wth the foﬁ%é%%ggg#nagfemnT$$ ﬁéggﬁ d%i%%§§§¥ﬂghéé%resen%ggﬁggnglgx to

i ncrease thev$§fgigc no{higewgﬁhicle tracking. 20 In one aspect, the
present invention reflatés 1o anh i nage processing device for processing

video signals fromanpLisahinycol 1880h0 devices plased ol ang goad to

take i mages of the Fo € 1 nage processi ng devi ce comnprises: é&?raction

nmeanse for e ct t ng: i from Lhg L.n e of .i.nages
reprZ%ented l%gtﬁggg%ggo%é?%na s? t he g%%g??%g apgggaéhg bgﬁﬁg dgbgﬁed SO
as to dividegdhe fpad fhono:Re VEBLEL et HaYeLbRG ¢y ed O fidie 8,0ad;
conbi ner means for conbining the extracted | mages to produce a conbi ned

i mage represgntind $H&i €05 | PUOUR W HRL:, ablle deERELE @N1B0MRENS ohAkedet ecti ng
a vehicle on the conbined i mage. The vehicles are detected on the conbi ned
i mage producaskdys cemdi i ngr tded | s@gesdf inaytAg dirbher eobal ARgdi Boodevi ces
so that the image of the road becones continuous. Therefore the vehicle on
the road w ldndeitOidetRicifEiddlt atoyv deteigdte UWetQaibi fed dekgetdaes not

i nclude a seam between the images fromthe different inmaging devices, and

t he Mhol e vehittlEl ¢ sco ot et wdthn thise vy e dl 0 trageervehenf ushiegvehi cl e
is located across the boundary between the inmaging areas of the 15 imaging
devi ces. Thushd heeryehd té emehohbegdet Etteett faozurdiel ymaget heocerbiingd i mage,
and this increases the accuracy o-f tracking the vehicle based on the

conbi ned i netpricEhehast dddtfiiom Iyanso magsdehi ren sahpltongtipei Nebiche20 each
of the sanpling areas to obtain pixel data of the inmages represented by the
vi deo si gnallPGtetere shnphendPpéisntts aasd firafuce | araigeecedpr E9enthig top
plan views of the sanpling areas using the obtai ned pixel data. Wen these
extractedilﬁﬂﬁQPQNe#%ﬁﬂ&ﬂ%edaéﬁéng3pa§'25aﬂgﬂ(ﬂhﬂﬁraﬁégrﬁﬁasdiFB@tion of

the road, the continuous road _can be represented on the conbi ned 3
15 accuracy of‘the vehicle tragkfng.

SUMMARY OF THE INVENTION

With the foregoing in wview, it is an object of the
present invention to increase the accuracy of the
vehicle tracking.

20 In one aspect, the present invention relates to an
image processing device for processing video signals
from a plurality of imaging devices placed along a road
to take 1images of the road. The image processing
device comprises: extraction means for extracting an

25 image from a sampling area in each of 1images

represented by the video signals, the sampling areas



i mage. Such a conbi ned i mage of the top plan view can be used to produce an
_output inmage of a top plan view show ng the road and the vehicle. This is
advant ageous because an observer can easily understand the situation 5 of
the road fromthe output inmage of the top plan view The conbi ner neans nmay
conbi ne the extracted i nages so that the conbined i mage represents the
conti nuous road extending along a vertical direction or horizontal
direction of the conbined inage. It nakes 10 easier for the observer to

under stand theus) (484 10830L! Be oAy arm e ondput a1 Rge pradyced based

on the conbi ned 1 mge. e I mage processing device nma ther conprise: a

storage for SiAdNG AN WRARaba yeNigle foraan Liyimge LI agwi th the

vehi cl e detected on the conbined i mage; matching nmeans for determning if

there i's a nanehbelyeeneardiBge: ob ke dst ect ed validl e andrbhecst of ed

i mge; tracking neans for detecting a position of the vehicl e on

the conbi ned jifmger - ¥oeALiNg MHLNEDGL TRADS s ASILIdT Negyt BRkECkS o8 Mt ch

and nmeans for pasting the stored i nage on a background |1 nage representing

the continueusadPachatqdthecPossthopeHeteet 84 BYet BEmbhiacK RGaFRANS. INn this
case, the image processing device produces 25 an inmage represénting the

continuous road WH& {BRi st eseth Mehiiehe ckeBmyes £ orhes s k4 01hhAgedet ect ed
4 vehicle at the current position thereof. Therefore the stored vehicle

image is di sARNRERt bihecpRsihing MW ngmageer diAgnt aHheqnmeyereat of the
vehi cl e. Thus the observer can easily nonitor the novenent of the 5 vehicle
t hrough t he ipraedurediévnbges $be tHEgetlps otprageng fdedticersay buebhes

conprise a video output and a signal generator for producing a video signal
at the vi deconttiputousihe Theleofstgnahemaghiefresenttion ro@agewpl bdoeed by
the pasting neans. In 10 this case, the inage processing device can send
t he 1¥i deo sidgtalctted airdi s plhagedémage .t o Tdhies ptcanb iresd | iragge r épeeseati ng t he
novenent of the vehicle.
include a seam between the images from the different
imaging devices, and the whole vehicle 1is represented
on the combined image even if the vehicle is located
across the boundary between the imaging areas of the
15 imaging devices. Thus the vehicle can be detected
accurately on the combined image, and this increases
the accuracy of tracking the vehicle based on the
combined image.
The extraction means may define sampling points in
20 each of the sampling areas to obtain pixel data of the
images represented by the video signals at the sampling
points and produce images representing top plan views
of the sampling areas using the obtained pixel data.
When these extracted images are combined along the

25 vehicle travelling direction of the road, the

continuous road can be represented on the combined



The storage may store the inage of the detected vehicle when the matching
means determnes there is no 15 match. In this case, the storage stores the
i mge of the vehicle newy detected by the detection neans. Therefore it

i S-unnecessary to obtain the inmage of the vehicle before the vehicle cones
to a zone nonitored using the i magi ng devices. 20 The i nage. processing
device may further conprises correction neans for nodifying the i mage of

t he detected vehicle according to a height thereof when the matching neans
determ nes t IS C ROG r h difii.ed ijypge for
t he i mage ZSHﬁég%hingacgﬁé g§§%¥%5§%g%ns %gggegﬂghgogtgggg|ﬂi§fﬁ%§ﬁinage
on the back u J e | S..ca t |, D i o] e muehjcle can
be drawn evgﬁgi?g?ﬁgﬁgngg%ﬁgﬁgiv?ﬁegﬁgggg gﬁ%gfnéﬁgsgggg?héléghﬁésg

downwar dl y .. ang b g ngdcl ma t.he _conhi . m|mge 5
fromwhich t %3?%§ge{% %ﬁgdd§§§c§g§ vgh?ggg'haghggeﬁ%c&t amé%l ﬁgpinage

processi ng . dsyj ge Iy L U5 LBEL £ ONRA 86.531G0LAEELISAN PN, Ik IRAIyi ng the

background i mage according to the correct of the i mge of t tected

vehicde. In {higncasgadt PEchMEE 0cPLECERILARY oFEYHEE tEAN Eqra%d%%_mat ural
i mges of both the road and the detected vehicle. The background i mage may

be an imge represeat i Agmnbfe FONLEAHUSKEGAd WhbhoW & heehighe slavel | ing
thereon. In this case, it is not necessary to nodify 15 the background

i mage accordindhd® tée cersecttnRd otomBenkahi eh@gemgeprEachteeanpeand the
si gnal generator described above may be a circuit. A processor may serve as

all or sone @ntheuaboveosB@asgtandinhsalbhe si gaalk 120 19enekattabn b anot her
aspect, the present invention relates to a vehicle nonitoring system

conpri sing: ropliswtal ydokebmaghne tlevheesopbaaed almeng a r 0adniaketsake
i mges of the road; and the above inmage processing device. 25 The system
may Faurt her easier sBoa thepbdygedernsirced arndke spt ayd nghtheitmageonepifesent ed
by the video signal 6
the road from the output image produced based on the
combined image.
The image processing device may further comprise:
a storage for storing an image of a vehicle for an
15 image matching with the vehicle detected on the
combined image; matching means for determining if there
is a match between an image of the detected vehicle and
the stored 1image; tracking means for detecting a
position of the detected vehicle on the combined image
20 when the matching means determines there is a match;
and means for pasting the stored image on a background
image representing the continuous road at the position
detected by the tracking means.
In this case, the image processing device produces

25 an 1lmage representing the continuous road with the

stored vehicle image corresponding to the detected



fromthe i mage processing device. An observer can accurately nonitor
_movenent of vehicles with the system because of the advantages of the inage
processi ng device. 5 The two or nore inaging devices nay be provided to
take the inmages of the road for each sanpling area. In this case, two or
nore images are taken at different angels for each sanpling.area. Therefore
the accuracy of the vehicle detection can be inproved. 10 In still another
aspect, the present invention relates to an i nage processing nethod for
processing Video. sl 95‘1?' ?lhérgg}?‘eﬂ%.uégls'itt%og\f £h1BQL0 deyiGes placed along a
road to take Tnages 0 e road. "The nethod conprisés: "extracting an i mge

froma sanplingdp arem i eaclhof i/B0Gy Lopresented by the g signal s,

t he sanpling areas being 0 as to e the road afFong a vehicle

travel ling qﬁ&ﬁfﬂ# Oé‘c%r&%‘fl?ﬂr?éd;th%oﬁﬂﬂ%é nge exf L %Egg{:ﬂg‘?ge%hh% produce

a conbi ned i nage Tepresen g the co nuous road; "and ecting a 20

vehi cl e on the. caguned | mage. W Ner ysGoRe Of APDLECANLLIL v of (e

present invention w becone appar romthe tarl escription given

herehpafter“vépmgygrthfguéﬁo?+g ?goagggasgﬁggethat the detailed description

and specific 25 exanples,”wh “Tndicating p eferreq enbodi ments of the
[ nvention. are oiuen e Y& hctliyalr akhBeonky. saRER confiilaus changes

and nodifications wthin"the spirit and scope of the invention will becone

apparent 1o fhiage siibled dinthe aitnklomddi ol akbed deseitidoa. BRI EF
DESCRI PTI ON OF THE W NGS 5 Fig. is a diagram showi ng a configuration

of a vehi cl erigud tHOIg systeme acceedi batpatan erboehaent sehnkhempresent
enbodiment; Fig. 2 is a flow chart showi ng an i nage processing in the-

i mage processipig L censhewgei phiddicdd B9 Ehe. pidtimy dhegiam shiew ng an
exanpl e of an A/D converted image; Fig. 4 is a diagram show ng an exanpl e
of acsanpli mhiar eaaski g.tlbe i Smagei agraoeskingt radving: t banarsangenint 15 of
t he sanpling areas;

video signal to a display device to display the image

representing the movement of the vehicle.

The storage may store the 1image of the detected

vehicle when the matching means determines there 1is no

15 match. In this case, the storage stores the image of
the vehicle newly detected by the detection means.
Therefore it is- unnecessary to obtain the image of the
vehicle before the vehicle comes to a zone monitored
using the imaging devices.

20 The image processing device may further comprises
correction means for modifying the image of the
detected vehicle according to a height therecf when the
matching means determines there 1is no match. The
storage may store the modified image for the image

25 matching. The pasting means pastes the stored modified

image on the background image. In this case, natural



Fig. 6 is a diagram showi ng sanpling points set in the sanpling area; Fig.
.7 is a diagram show ng an exanple of a conbined inage into which inmages
extracted fromthe 20 sanpling areas are conbined in the lateral direction;
Fig. 8 is a diagram showi ng an exanple of a part of the conmbi ned inage
created without a vehicle correction process; Fig. 9 is a diagram show ng
an exanple of a part 25 of the conbined image created wth the vehicle
correction process; and 8 Fig. 10 is a diagramillustrating an exanpl e of
a vehicle tracking prqcess. DE | PTIL ON OF, THE PREFERRED EMBQDI MENTS The
preferred englga?ﬁeﬁ’t sQC < tYl%th?Sg%Reﬁtani Rrerti B 5SWRT Lhe Wi AMAEF Del ow i n
greater detajl_wth reference.to the anyi.ng drawi ngs. .. To facilitate
under st andi ng,ev}{\%éﬁt ?[‘8ale Eg‘Ferlglﬁggsn ﬁ(r\tg’lr% VH%VE(%beeéfP dlhéte YPossibl e,
t o desi gnat eaigfgti cal or equivalent elenents that are conmon to the
figures 10 Wi tRout repeating the overl apping descriptions. Fig. 1is a

di how f f, hj cl [ [ . di

he erbodi ment - ASTH 0P ST Lros  CRBUonrare HoniTh | HgSyatam P gor
itori t 1 j | d .15 b d f

R e R S R T

noni toring sg&{enj]v}(;%; a pkHéalji'eI{l/él/%é)f prpyyete%igfbgnggﬁggs Y, y‘{%q‘}rrr?%gg 8ri ng

caneras 2 are ana i magi ng es ‘plac € roa

vehicle travg&ﬁﬂ,ggsgi recti Qi ofs 44 0ad 10 < Th?SEQW%ﬁiﬁﬁﬁﬁ%i n%g1 shgf t he

road 10 and vehicles 11 travelling on the road in the _
camer as 2 argsdkgposed fhddie buweRgkiihghi LB ap edeteraiied 1ok el so as

to take i mages of the road
image of the detected vehicle. 1In this case, the image

10 processing device can produce natural images of both
the road and the detected vehicle.

The background image may be an image representing
the continuous road without a vehicle travelling
thereon. In this case, it is not necessary to modify

15 the background image according to the correction of the
vehicle image.

Each means and the signal generator described
above may be a circuit. A processor may serve as all
or some of the above means and also the signal

20 generator.

In another aspect, the present invention relates
to a vehicle monitoring system comprising: a plurality
of imaging devices placed along a road to take images
of the rocad; and the above image processing device.

25 The system may further comprise a display device for

displaying the image represented by the video signal



25 successively. The interval between the caneras 2 is about 150 - 200
neters, for exanple. 9 The nonitoring caneras 2 are provided at the upper
"part of the tunnel 1, for exanple, so as to take tr~e inmages of the vehicle
11 downwardly at an angle fromthe upper front or upper back thereof. It is
not 5 necessary that all the caneras 2 are placed at the upper part of the
tunnel 1. For exanple, one of the caneras 2 at the entrance of* a nonitored
zone of the road 10 may be placed on the upper part of the tunnel 1 and
anot her cameLa 2 q&}the side wall of .the tunpel 1. ch canmera 2 is
B s

0 E
connect ed to 9 bat'6P 3. PHRESHP ST bt BrCS i s pPovP et Yo a ki lity 4
built near the tunneg 1 ang recei ves the inaggs t aken yﬁkgg caneras 2 and
sends them t? AT T nahe PrOtelsi BGVEBEREeCS. VEBIFHES c &YSIYTF devi ce
5 receives and processgs the i es_taken by the caneras 2 to praduce an
i mge to be%‘ﬁ?‘f%? ey Hif o@g‘?%’?a%%? ngoghetrhﬁehijé‘}a@%rﬂrto&%sﬁdngyst em
and t hen trggsfers the produced inage to a control center 6. The inage 20

processi ng ¥Yte®5 includes an anal og-to-digital (A/D) converter, a video
fra nmenory, a pfocessor for inageaﬁéocegsing, a_sto n_interface
s F

for video output. The N PToRVEFt Vet &eHaK7%%g§H$§5%§ 55 for

exampl e. The. ALD comverl gl i scaqelr eyt tor ganverting the anal og yi deo

. S
signals fromiheé c¢aneras I'nt o digi e0°stg

giog‘r’lgl”se[ hiaf%}flgé_‘”%&g? e NS VEASR THlF SeaRLY L0 §ENG: 1 8 (Fegltl video
angels for each sampling area. Therefore the accuracy
of the vehicle detection can be improved.

10 In still another aspect, the present invention
relates to an image processing method for processing
video signals from a plurality of imaging devices
placed along a road to take images of the road. The
method comprises: extracting an image from a sampling

15 area in each of images represented by the video signals,
the sampling areas being defined so as toc divide the
road along a vehilicle travelling direction of the road;
combining the extracted images to produce a combined
image representing the continuous road; and detecting a

20 vehicle on the combined image.

Further scope of applicability of the present
invention will become apparent from the detailed
description given hereinafter. However, it should be
understood that the detailed description and specific

25 examples, while indicating preferred embodiments of the

invention, are given by way of illustration only, since



The video frame nmenory is a nenory capable of 5 storing a plurality of

i mge data. Each inmage data represented by the video signal fromthe A/D
converter is a set of pixels which have density values and col or signals
for respective coordinate points in the x-axis and y=axis. The density of a
pixel is 8-bit, 256 tones, 10 for exanple. The video frane -menory is
connected to the processor. The processor is a circuit for inmage processing
of the imuge data stored in the video franme nmenory. The processor processes
the imge data to $r duce an iaage lé.to be nnnL%gned Ey an .ohserver using
the moni t or i HF 8T e aTRe° pPBtelar LE§3LoRABCFEA S the PREEMadE% o send
t he produceqsin%ge got he contr ol cenL%ﬁtG. The interface is a %#deo out put
of tre inmage Proces ingmﬂeﬁngn LoRn &l PP RRBE| SPPGTTEG etPt 6PPRE 20

control center..6 to send the_j e data_pr,oduced by the.processor to the
center 6. Té?%é;ﬁék)ncégﬁe?r%nﬁggmagﬁﬁﬁigsgaéingﬁgsFﬁé &188ra fromthe
i mage processy | I S\ 1 RpU o] iLtor 61, and an i mge

correspondi%ﬁi : t ik Gofali? i spl ayed on the nonitor 61.

The igmge represents the;insi dg; of LRehUN0RL L I ORSEIVEIn 1 &
vehicle monitoring system according to an embodiment of
the present embodiment;

Fig. 2 is a flow chart showing an image processing
in the image processing device shown in Fig. 1;
10 Fig. 3 1s a diagram showing an example of an A/D
converted image;
Fig. 4 1s a diagram showing an example of a
sampling area;
Fig. 5 is a diagram illustrating the arrangement
15 of the sampling areas;
Fig. 6 is a diagram showing sampling points set in
the sampling area;
Fig. 7 1is a diagram showing an example of a
combined image into which 1images extracted from the
20 sampling areas are combined in the lateral direction;
Fig. 8 1s a diagram showing an example of a part
of the combined image created without a vehicle
correction process;
Fig. 9 is a diagram showing an example of a part
25 of the combined image created with the vehicle

correction process; and



can visually nonitor the travelling situation of the vehicles 11 in the
tunnel 1 through the displayed inage. The nonitor 61 is a display device
"for displaying the inmage data fromthe i nage processing device 5. The 5
nonitor 61 preferably has a |ongitudinal rectangular or |ateral rectangular
di splay area. A projector may be used as the nonitor 61, for exanple. A
vehi cl e hei ght sensor may be optionally provided in the vehicle nonitoring
system The vehicle height 10 sensor 71is disposed in the tunnel 1 in this

enbodi nent. The s nsor é .S V|ce for qe éhﬁ t he hei t of

vehicle 11, and i %Fa& dlgbéb %%ﬁ?%%) %° %@ ¥r 38ofié éhn be
used as the vgg%gie ? t sensar for exanple. The uItrasonlc sensor
detects 15 th op pos |ng P Pﬁ85§eh|cle 11 by emtting ultrasonic waves
at the vehleb ect the ultrasonic waves
reflected b or 7 is disposed at the
re j unction

20 f h' u d ‘; h '
"0 the moni tored o B‘r‘s? ?geéﬁ?@bﬁg&%sﬁs%ﬁ 3o %%reaegegﬁ@tveﬁva@%mgm
sensof at the; £ntra %ce aoés g@nlggig‘g zc_)Llﬁe %%{]sor \a/glgggéperf

st er eoscopi ¢ 1Tage 25 processing using t | | S5 type

di st ance netfgfégeﬁgglgot¥g% q%ﬁ%?&%ﬁaﬁgéﬁ“ﬁﬂﬁyggé $0 b%ol%acffﬁ %§%§ t he

sensor 7. Mbreover, a sensor ni c sensor e used as

the sensor 7idet Qeaﬁgﬂﬁgr GRfL JTBasyr e L he, &ghhu%ehf% Vﬁng'%eJe%

travelling on t e roa The operation of the ve e nonitoring system
and used, where ©possible, to designate identical or

equivalent elements that are common to the figures
10 without repeating the overlapping descriptions.
Fig. 1 is a diagram showing a ccnfiguration of a
vehicle monitoring system according to the embodiment.
As Fig. 1 shows, the vehicle monitoring system is for
monitoring the traffic situation of a road 10, and may
15 be used for detecting traffic abnormalities in a tunnel
1, for example.
The vehicle monitoring system has a plurality of
monitoring cameras 2. The monitoring cameras 2 are
analog imaging devices placed along the road 10 in a
20 vehicle travelling direction of the road 10. The
cameras take images of the road 10 and vehicles 11
travelling on the road 10 in the tunnel 1. The cameras
2 are disposed in the tunnel 1 with a predetermined
interval so as to take 1images of the road 10
25 successively. The interval between the cameras 2 1is

about 150 - 200 meters, for example.



t he i mage processing device 5 will now be described. As shown in Fig. 1,
the images of the road 10 and the vehicle 11 travelling thereon are taken
"by the nonitoring caneras 2, and the video signal fromeach 10 canmera 2 is
sent to the distributor 3. The distributor 3 ,sends the video signals from
the caneras 2 to the image processing device 5 whenever appropriate. The
hei ght of the vehicle 11 is neasured by the vehicle height serisor 7, and
the detection signal indicating 15 the neasured height is sent to the inmage
processi ng devi ce.p, The.gevlce erfar t he i mage ocessi ng _using the
vi deo- si gnal s andTgﬁemﬁ%% ﬁflﬁgtgé FoR sicg &S Hiﬂég*ﬁLdﬁigﬁfiépgﬁrthe

i mage process] t.he devi 5.w | oW be described. Fig. is.a flow
chart 20 sh g%g ?ﬁetﬁﬁ%ggﬂ%gg%e%éiﬁgyp m%a%?g8é5§%% %%ogg Fﬁ%ﬁig#mﬁ are

R e I N E NN G R

performed repeatedly totrac a |gpnb, each

vi deo si gnal tﬁgnru&tpoet%Sngﬁtdeé/}Cglé%:eixs é/a kcog\?g%gg by tIr%e J,_A\%Dn%ocnverter.
. . o 5

The anal og i rage e anal og Vi signal i s nverted to a

digital | mgebysthe, MR conyersi o TheLowepted | mde data,is stored in

the video franme nenoty. e converted 1 nmage 1s the very i mage When t he road

10 i s viewed Joom bheepos t&gﬂgzgﬁn%lgﬁ QRANET Bo2: B WOMLNOE! $ned- WD

regard to the converted I mage e pictures € Vehrcles a - 1lc

travel 1ing on,fde,§0ad 210 are Lakeandawnyar dl %o@utiht%'}e%"'gi&é rgg the upper

back of the vehicles. After the A/'D conversion, the processing noves to 10
a step S2 inrddd@. 1@ n¥fiehe BhaX4r 8kt LAR BEB@%S%a&% RE ft@fdTRehnnlen tihi s

process, a sanpling area is defined in each A/ D converted i mage and an
image in eacdhd another camera 2 on the side wall of the tunnel 1.

10 Each camera 2 1is connected to a distributor 3.
The distributor 3 1s provided in a facility 4 built
near the tunnel 1, and receives the images taken by the
cameras 2 and sends them to an image processing device
5.

15 The 1image processing device 5 receives and
processes the images taken by the cameras 2 to produce
an image to be monitored by an observer using the
vehicle monitoring system, and then transfers the
produced image to a control center 6. The image

20 processing device 5 includes an analog-to-digital (A/D)
converter, a video frame memory, a processor for image
processing, a storage, and an interface for video
output.

The A/D converter may be a video A/D converter,

25 for example. The A/D converter 1s a circuit for

converting the analog video signals from the cameras 2

10



sanpling area is extracted fromthe A/D converted i mage. The sanpling areas
~are defined so as to divide the road 15 10 along the vehicle travelling
direction. As Fig. 4 shows, each sanpling area 30 extends along the road 10
by a predetermned length so as to surround a part of the road 10. The
sanpling areas 30 are arranged al ong the vehicle travelling-direction

w t hout overl apping 20 with each other, as shown in Fig. 5. Alternatively,
the sanpling areas 30 may overlaps with each other. In this case, the

over | apping portion b en .the sanpling areas, nay. cut a in.the later
process of t]frw)ré{% matc{g;ll lgér%ﬁgesffsli o, f&gﬂ‘?é%éxt rai?%d ‘?‘ﬂggecqr’sv%a%edﬁcéﬁ by
obtaining th I pr.edet er.qined_sanpling paints,arranged.in 14

t he sanplindgggg%%%ﬁga%?geﬁ% V%ggosgﬁgﬁﬁtp mn?§9F§WF§H§W%R§ Fﬁ@ggﬁﬁpling
points in the j e As Fig. 6 shows, the sanpling points 31 at
regul ar intgfvgﬁgpééég%féaﬁgggéF%'a | attice extending along 5 both the

vehicle travel |i éii rvq(geiooangglgt ihﬁelg%gcs\%ssna;rﬁgéiog?ahch%are%ag %(% Si nce

the sanpling points 31 are p of "tthe road

10 ang the vl cles 119 rylde; gandhe gasily (oreat edsigpl y by ggtrangi ng

the pi xel data e npl1'ng poin a coordinate system where

the vehicl e togvelding dipeehionand the padecopsshooadhr ectigaeare

per pendi cul ar.” After mages in the sanpling aréas are extracte

the A'D conues 1204 fmgesy; kB sPRAGRIS it d LIV LEy L 0o 88l eRng3 bl o 0: 2.

where a conbining process Is perforned. In this process, the extracted

i mges produgieshd s tfer StERpedtake coRidied 30 ddwatcd henrepd 10akss
represent ed extendi ng continuously along the vehicle travelling direction

in the conmbigigd y-rages. 20:&@%@%51%%_@9 hnpges1mey slserbereembhbhed,so that
the image of the road 10 in the conbined inage extends in the vertical or

horijzont al didrecékompDé.t hergonbiiged ifmge kbfory SROWSomie&Xadpke of the
conbined image in which the inmage of the road 10 extends in the 25
hori zont al dineegidncaressor.

The processor is a circuit for image processing of
the image data stored in the video frame memory. The
processor processes the image data to produce an image

15 to be monitored by an observer using the monitoring
system. The processor is connected to the interface to
send the produced image to the control center 6.

The interface 1is a wvideo output o¢f the image

processing device 5. The interface is connected to the
20 control center 6 to send the image data produced by the
processor to the center 6.

The control center 6 has a monitor 61. The image
data from the image processing device 5 is input to a
monitor 61, and an image corresponding to the input

25 image data is displayed on the monitor 61. The image

represents the inside of the tunnel 1. The observer

11



15° The conbined image 40 is fornmed by conbining the extracted i mages of
the sanpling areas 30 along the vehicle travelling direction. The conbi ned
"inmage 40 is an image where the pixel data of the extracted i nages 5
obtained fromthe different video signals are set as the pixel data in the
sane coordi nate system It is preferable that the data of t:he conbined
image is produced by storing each extracted image data in one"nenory. Since
sanpling areas 30 do not overlap with 10 each other in this enbodi nent,

conbi ni ng the extract i mges_can_be easi| erfornmed w.thout _considerin
the overl appidiy ﬁb???ggybé??%k]eﬁp? h&ER&anpid T s S”%}laﬁolﬁi g‘?*Y%gﬁows, t%e

nbi ned | 40 i t I ' ' t .10.and th hi cl
11 "To 15 OB 1¥5 Torbh note | koot FEoPusRorb8agt FPAGE BN 208 conbi ne
th i 30 _sh in Fig. 4, but, al, to t f h i
area 30 1 nt o i BYRACOF ekba 1 din ChESLBE 6y Computd | OnSPRYERRS e

mbodi nent, h t he. t ation | f d,together with 20 th
oxt ract 1 on’ (AR BEaT nbSangi A9 BoPREE ST o e L ranged ad Shown i n

Conbithi ng prOCENE” the BTertar g Toues ToRa hatne} PRORRE IR e e
vehi cl e det ect,J 25 cess.ls perfarned using the caonbined image 40. This
process nayejﬁéee%gar olfergréga%%ulaaﬁe l-s%n(?% ab%ec‘:'i\(gro%‘néjrﬁec%ou%trf‘%& |%8n met hod

whi ch conpa%%%&ﬂy%(%ﬂgﬂﬂgﬁgg@@gﬁlﬂpfgétgxgmgggkground i mge stored in the
ev

storage of the 1 nage processing ice 5i1n vance, for exanple. The

background i mage %@fﬁél@%%@g Ahibe Iﬁggd%%%%%ﬁgmi gggb%@a

t hereon. Then the processing s to a ste ere It et erm ned

whet her the jyehicd evéﬂlié%e%?ﬂt@kﬂrlqe yebtehe detRCtyOn; PTOCAISghS A
vehicle newy detected or a vehicle already detected. The procesSor in the
10 sensor 7 is disposed in the tunnel 1 in this embodiment.
The sensor 7 1s a device for measuring the height of
the vehicle 11, and is placed above the road 10. An
ultrasonic sensor can be used as the vehicle height
sensor 7, for example. The ultrasonic sensor detects
15 the top position of the wvehicle 11 by emitting
ultrasonic waves at the vwvehicle 11 from above the
vehicle 11 to detect the ultrasonic waves reflected by
the vehicle 11.
The vehicle height sensor 7 1is disposed at the
20 entrance of the monitored zone of the road 10. If
there is no junction in the monitored zone, it is only
necessary to place one vehicle height sensor at the
entrance of the monitored zone.
A  sensor which performs stereoscopic image
25 processing using two imaging cameras, a laser type

distance meter or radio type distance meter may also be

12



10 device 5 conpares the inmage of the detected vehicle 11 with i nages of
_vehicles for image matching stored in the storage. The vehicle inmages for

i mge matching are stored in the storage at a step S7 in this enbodi nent,
as wWll be described later in detail. The processor 15 determines if there
is a match between the inmage of the detected vehicle and the stored inmages.
I f the processor determnes there is a match, that is, the det'ected vehicle
i mge matches with one of the stored inages, the detected vehicle 11 is not
one newy 20 céecf eact %§¥ and the rocbﬁssi g, poves to a st\gﬁ S8th01 t he ot her
hand, if thélspr 0less0I° T ET M nes there T s ho® nRTEROT t Rat et s - Fhe*let ect ed
vehicle im Qes _not tch with an f _t.he stored_inages,. th fected
vehicle 11 i%gt%r?esoﬁeqvﬁ yyn%ﬁ%lf:t eay }neyd ‘?ﬁ%dpraosce@%? nae§§ hoves” oglgestep S6.

17 Unl ess there is junction in.the red.zo thev?icl 11 will
be newy det6ete necéar%tt\rlneeaesn rreancnceheof %T?ﬁgélﬁrgni gr egg%on%e%ﬁg Fe g%nbi ned

i mage. TherefqQret vehi ¢l,e i new y entersthe nonitored zoneSmay be
det ect ed bager%\%nllggﬁ/e%r}hgéhfagogf@o%@t he canmera2 placed at the entrance. On

the arher hand, nfid PEISS @] WICti.an gy Lhee TROLLOLPA, Z00ps LU vehi ol e 11

maybe newl y detected based on on e data ecaner as aced at the

entrance or Uhe | Unkid oB-10LaSLRe Siops S <A WM Che,COLd ofiLomprgcess

i sperformed to no i'mage “of t new y ect edvehi according to

s hei ght . Jfs e preckignwer e ol DRISOLned, chie el ol es,ddare,

represented asshown in Fig- 8. The vehicles 11b and 11c far from

thel5canmeray2ntiend tophaverhacgeind sttafd & cogpar eqdawehht he, vepihel e 1la
near the canera 2.In particular, thedistortion of the vehicle 11c with

al arge hei ghbnitwehay acdmeeks b A theantiddy Ssignhbe meaAsosadhat
t hevehi cl e correcti on20process is perforned in the step S6. The correction

i spanf or med cageerdi2ng st Gedie theitgly ofi dtheiveto el . LiTRasal seryutde vehicle
hei ght sensor 7. Thecorrection | owers the height ofthe inmage of thevehicle
11 by | argen agendd aidet helbasuségnheisghfraf 25hke aealirde 21 donctleases. By
performng the correction 18 in this way, the inmages of the vehicles 1lla
- 11c shownimagk gor&aseimpdidevedeass shdvanavedi gppBopALakte .t heThe
correction, the processing noves to a step S7, where the corrected vehicle
i mmge and theight of the vehicle 11 1is measured by the vehicle
height sensor 7, and the detection signal indicating
15 the measured height is sent to the image processing
device 5. The device 5 performs the image processing
using the video signals and the height detection signal.
Referring to Fig. 2, the image processing by the
device 5 will now be described. Fig. 2 is a flow chart
20 showing the image processing. The processes shown in
Fig. 2 are executed by the processor in the device 5.
The image processing is performed repeatedly to track
the vehicle 11.
At a step S1 in Fig. 2, each video signal sent to

25 the device 5 is A/D converted by the A/D converter.

The analog 1image of the analog video signal 1is

13



5 original vehicle inmge before the correction of the step S6 are stored in
the storage. More specifically, the images of the vehicles 1la - 1lc from
which the distortion is renoved as shown in Fig. 9 are stored, and al so the
i mmges of the vehicles 11a - Ilc before 10 renoving the distortions shown
in Fig. 8 are stored. As will be described later in detail,.the corrected

i mages are used to produce an output imge sent to the control"center 6. On
the other hand, the original inages are used to be conpared with the

detected 15 h | i i he. | tch t t 4, .

dgsgflged adﬁgﬁlc%ﬁ%ﬁ ﬁﬁgspkgcéégfhg?nggggec5h?h % éz %xg&ﬁﬁFﬁlgftracking
rf d the t t h t f_t

etocted vendt oE0R ek Reh ads St TR o PR arir g .%g‘gi'ep'ﬁ@séaﬁsﬁ%?n% ored in

the storage are detected on the On .t he ot her nd wth

rﬁgard to tH%Iﬁ%{%c}edhﬁeﬁ?%V8§t§§h&ﬂ8§8 Fﬁaggg ﬁ§6¥ Egﬁfﬁ W?ant Sed in

t t t.. st S t t ect tt
neitszgriggpa%%é hf? efsst%ieve’gﬂ. Ereb"he BOTEAER, s rlnagBth Yottt og
agalqsat the %§4ne WlEghrgﬁgggsﬁbnghghg%%vgr d§&%% % where a

pasting process |s per I S®process CorPdt &8 ‘i mages

mat chi ng V“t{héhS1g§E§EEGQIyephgl%%h%%les lla - 1llc travelling on

the road 10 are taken downwardly at an angle from the
upper back of the vehicles.
After the A/D conversion, the processing moves to
10 a step 52 in Fig. 2, where an extraction process 1is
performed. In this process, a sampling area is defined
in each A/D converted image and an image in each
sampling area i1s extracted from the A/D converted image.
The sampling areas are defined so as to divide the road
15 10 along the vehicle travelling direction. As Fig. 4
shows, each sampling area 30 extends along the road 10
by a predetermined length so as to surround a part of
the road 10. The sampling areas 30 are arranged along
the vehicle travelling direction without overlapping
20 with each other, as shown in Fig. 5. Alternatively,
the sampling areas 30 may overlaps with each other. In
this case, the overlapping portion between the sampling
areas may be cut away in the later process of the image
processing.
25 The extracted image is produced by obtaining the

pixel data at predetermined sampling points arranged in
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are pasted on a background image at the positions 5 detected at the step
~S8. In this way, the corrected i mages of the vehicles 11 are represented at
the current positions of the vehicles 11. The background image is the

conbi ned i mage fromwhich the i mages of the detected vehicles have been cut
away in this 10 enbodinment. Wth regard to the vehicles whose i mnages have
been just stored at the last step S7, the corrected vehicle inages wll be
pasted on the background i mage at the positions to which these vehicles
nove, at the_jnext st S9. 15 The pragessing.noves to a step S10, where a
background(ﬁﬁ?eE?PBEEBQO@éﬁ?iggperﬁ%Vﬁedg 1 tthi SCRRBRESS, FH TS ckgr ound

image is nodified acgording to the correction_of the vehicle inm in the
step S6. In T Eade B (TR/HIS| BOTRES Ry 5889,5%1%@%? 2020

backgr ound rtion in_an.area 50.where the inmage of t vehicle 11c existed
before the %g r@gtgi'on6i SO 1 i 5eons?lﬁ%fb%%k§%’dlﬁ¥oe i ggge? TH®SY*$¢hecause
t he background igﬁgf becomes_unnatyral if tgetvehicle imge is corrected
and the backytotnd 1 Tmgé i s>hbelE5Hr et ed. 8 ThGE A ORAPHEY i feGE%ata i s
produced t hrg e oV r The.out put _inmage.is transferred to 20
t he g%ntroll%%n é&ﬂ%'€rdﬁf%£e9%$§%g§%%? ?ﬁF%ﬁghOPhénunF S¢E 55 18R out put

vi deo st gnale. aad d splavec gy dhe apniLor,0l. A-seLbes ol Bragegses [

Fig. 2 is rep performed at a pré erm ne ii-s @5 Senabl es

e fcat o EEeead N 9B 242y Oat IR dilh NAIULE | &c 118" -b08 182dok0 and

produce the “output Tnage representin not on € vehrcle.

agvant ages ofnd RO Tenk ui h QDo lespy bod fe-dassiibeg agove. the

vehicle 11 is 10 detected I n the wi de conbi ne n e i nmage

of the road ;i SaGPfd U ifel N@avehb el enkraygbhing gbreeki an. jfhe
conbi ned i mage 40 is seanless, and this prevents a problemthat a seam

bet ween the d megesrd akere bysiBeefli f Lalert cafer ageRiddedi %Trﬁ!ir'éiltiﬁ% _
detection of the vehicle 11. Also, the full inage of the vehicle 11 is

represent ed qilrddei ronbianed | fREe 4fbLyen ddoddinyehiqglreddidrs | agated at
t he boundary between the imging areas of the canmeras 2. Thus the vehicle
11 can be deteagtceediianciarately on the 20 conbi ned i mage 40, and this
i ncreases the accuracy of tracking the vehicle 11.
After the images 1in the sampling areas are
extracted from the A/D converted images, the processing
15 moves to a step $3 in Fig. 2, where a combining process
is performed. In this process, the extracted images
produced in thé step S2 are combined so that the rcad
10 1is represented extending continuously along the
vehicle travelling direction in the combined image.
20 The extracted images may also be combined so that the
image of the road 10 in the combined image extends in
the vertical or horizontal direction of the combined
image. Fig. 7 shows an example of the combined image

in which the image of the road 10 extends in the

25 horizontal direction.
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Since the conbined inage 40 is a top plan view of the road 10, the observer
~can easily understand the traffic situation of the road 10. 25 Since the
stored corrected image of the vehicle 11 is continuously displayed at the
different positions as 21 the vehicle 11 noves, the imge of the vehicle
11 taken by the canera 2 need not be corrected each tinme the vehicle 11 is
detected. This sinplifies the i mage processing and enabl es thé i mage
processing device 5 to 5 produce the output inage qui ckly. A m snatch
bet ween t he backgr.ound |na%§s bef ore aft t he correction of the

vehicle image is over E6Re 4¢ﬁ9%%&k§Po& W%%tbbncﬁﬂbﬂﬁéngtéﬁ“glo
Therefore unnaturaln ss of the gut ut |na di spl ayed 10 on_the nopnitor 61
can be preve?ff SIS ShgPpoi S §f ifKe %%%?l g af &30

arranged in attlce al o the vehicle travelling direction and t he

di rection cr aV%gglﬁ@ d&FREELPRe tFEﬁsF@ 1fie6h BRdené Y mdge i s
performed 15 alon extr ctln i mge fromthe sanpling area 30, a
separat e tre?r%fbrfl%ﬁ?i o] e5r‘5"oc gxﬁE g@@?saﬁ{/ o FﬁF§agEﬁﬁli 28€S he

i mage, proces i,n ¢e th gas 30 are,defined wthout

over [Appi ng ‘éﬁ?%%%‘% SPﬁleret qng Fﬁgﬁ §Cexfratt eﬁlgpabrﬁzc?rt%esggnﬁlsl ng
areas 30 ca be eaS| thgﬁ& conS|ger|gg thetpverlagg ﬁ%
portions. fﬁrfﬁ ﬁ%l+?|5 ‘%aﬁ%oﬁ oSS 55 Fifes pr

i nventi on h s%ebgeepakgfgcrﬂhbetd sc%em dact%l I ba,E}SEdo%n%@ﬁne(govec?qr%oql nent ;

however , resent 1 nventl on I'S not nt For

exanpl e, “h%ﬁéhdggﬁcb§'§%J¥¥n£eE§8he%£%}acted image data in one

memory. Since sampling areas 30 do not overlap with
10 each other in this embodiment, combining the extracted
images can be easily performed without considering the
overlapping portion between the sampling areas 30.
As Fig. 7 shows, the combined image 40 is a top
plan view showing the road 10 and the vehicles 11. To
15 obtain the combined image 40, it is necessary not only
to combine the sampling areas 30 shown in Fig. 4, but
also to transfdorm each sampling area 30 into an area
viewed from the top by computation. In this embodiment,
however, the transformation is performed together with
20 the extraction process because the sampling points 31
are arranged as shown in Fig. 6. Therefore separate
transformation process is unnecessary.
After the combining process, the processing moves
to a step S4 in Fig. 2, where a vehicle detection
25 process is performed using the combined image 40. This

process may be performed by a well-known Dbackground
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successfully in the vehicle detection process, an inmage of the vehicle on
t he conbi ned i nage may be processed as a part of the background i nage and
this vehicle image, which is not corrected according to its height, 5 may
be di splayed on the output inmage, or the position of the vehicle my be
estimated based on the notion vector of the vehicle in the past and the
novenent of other vehicles in the front and back of the vehicl'e and then
the stored corrected i mage of the vehicle may be 10 pasted on the
background i mage at.  the estjimated, position. Two or nore nopnitoring caneras
2 may be prod GO AR thgha?%%pBFeFhEh?oﬁem?épeﬁanﬁ9§ g&se,

i mges of the road 10 in each area are taken froze different angles by the
caneras 2, thdieby XPKITONRSLLIBATCWRTORSCs 11 kERG SFB@YF deen théhi nd a
| arge car can be detected, As ,a consequence, the accuracy of detecting
vehi cl es canTRE§ iprReE 1149 $RELGB0 el%nﬁgﬂﬁﬁﬁﬁt,fPﬁeeBé@Réﬁounﬁhﬁnage on
whi ch the s:or d vehicle inmages are pasted at the step 20 S9 is the

conbi ned i FSHRRI cdFe imagdd of AR dSTOHEd vétkiec £92Ravé Pbeen cut
away._However, .the background inmage used in the pasting process nmay be an
i mage repre@@ﬁﬂQﬂftYéb%?%ﬁFvW?%B%?na vehicle travelling thereon, that is,

the tenpl ate inaggguseghin 25 t he .background_subtraction nmethod. ILn this
case, it is unnec r Y€ o PESLEEEE Toh " BETk g Bufd SHRge He cdRef g 123

is determined whether the vehicle 11 detected by the
vehicle detection process is a vehicle newly detected
or a vehicle already detected. The processor in the
10 device 5 compares the image of the detected wvehicle 11
with images of vehicles for image matching stored in
the storage. The vehicle images for image matching are
stored in the storage at a step S7 in this embodiment,
as will be described later in detail. The processor
15 determines if there is a match between the image of the
detected wvehicle and the stored images. If the
processor determines there is a match, that is, the
detected vehicle image matches with one of the stored
images, the detected vehicle 11 is not one newly
20 detected, and the processing moves to a step S58. On
the other hand, if the processor determines there is no
match, that is, the detected vehicle image does not
match with any of the stored images, the detected
vehicle 11 is one newly detected, and the processing

25 moves to a step S6.
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to the correction of the vehicle inmage. This sinplifies the inmge
processi ng and enabl es the i nage processing device 5 to produce the out put
" image quickly. In the above enbodi nent, the analog nonitoring 5 caneras 2
are used and the A/D converter is provided in the inmage processing device
5. Alternatively, the nonitoring caneras may be digital video canmeras. In
this case, it is unnecessary to provide the imge processing device with
the A/D converter, and the 10 device directly processes the video signals
fromthe nnnitorhﬂ%bcanﬁéﬁs. From_t he i nvention t.hus desErib dZ it wll be
obvi ous that the GHEOHE nERT S of ot Re ARG ort el Be™Var FBEEEnZRARY ways.
Such vari atigns e. not be regarded.as a, departure fromthe spirit
and scope oft %éaéﬁvgﬁ i%ﬁ,wﬁ%%%ail %ﬁg% ﬁ%gf?FggtPSﬁg ggemsﬂkaaﬁgeobvious
to one- skill inthe art are intended for incluysion within the scope of
& i AL eyt S B et MR ef o TR bRESEEnG

t he fol |l ow ng
device for ocessinhg,Vvi deo sj ls froma plural ity of Jinaging_devices
pl aced al onge’hae rggiagfg%et g%e ‘?’rrlr% sngf”ltyhee? oad; §§|ed I??%Fa%fgecgré%gsi ng

. | s | a n 1 . r.m e came
dovi ce Compri) s GXLLacLLos FEANS. arexisacting, ap (impe.fLomeg

sanpling aréa in eac I ages represéente e video signafs,

sampl | ng ar oag, oLy def Lhedespyancko diod dd hetoadyalgng;s valigl e

travel ling e roa I ner  neans for conbinin

bt R R b S G Ut
be newly detected based on only the data from the
cameras 2 placed at the entrance or the junction.

10 In the step S6, a vehicle correction process is
rerformed to modify the image of the newly detected
vehicle 11 according to its height. If the correction
were not performed, the vehicles 11 are represented as
shown in Fig. 8. The vehicles 11lb and 1llc far from the

15 camera 2 tend to have larger distortion compared with
the vehicle lla near the camera 2. 1In particular, the
distortion of the vehicle 1llc with a large height, such
as a truck, is significant.

This 1is the reason that the vehicle correction

20 process is performed in the step S6. The correction is
performed according to the height of the wvehicle 11
measured by the vehicle height sensor 7. The
correction lowers the height of the image of the

vehicle 11 by larger amount as the measured height of

25 the vehicle 11 increases. By performing the correction
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2. The image processing device according to Caim1, wherein the imaging
_devices are anal og devices, and 20 wherein the inmage processing device
further conprises an A/D converter connected between the inmagi ng devices
and the extraction neans, the A/D converter converting the anal og vi deo
signals fromthe inmaging devices into digital video signals.and sending 25
the digital video signals to the extraction neans. 25 3. The:imge
processi ng device according to Claim1l or 2, wherein the extraction nmeans

defi nes sam@ﬂrg%fgﬂﬁgfbhggggﬁﬂggéstgg gﬁgpbggggﬁéga?%éoggg%ainhgkﬁel dat a

of the inmges represe i deo Si gha Fiﬁg poi nts and

pr oduce inpgﬁ§ F& fngg%%qggﬁfpig astgﬁ nogntgsgsagp!ing areas as the

extracted irmage in al ned pixe at a. The' i mage processing

devi ce accordinggf%%%akggltéqﬁgéﬁib het%QM%fg%eggﬁgft&gg%%gﬁ?%tQe 10

extracted i mages So at the conbi hed 1 mage r'epr esen uous road

ext endi ng alg asgert&ﬁgkedﬁﬁﬁgt%@}fgéiﬁgiégﬂﬁghedgLﬁgééggfﬁgihg%

conbi ned i mage.” 5 The i iage processing devi C€ ‘according

furt her Com%Qf%% '11@e%i%ﬁ%raﬂﬁﬁéggé%%%hh?gtﬁg LO £e O 5 8 VEIY clgfor an

i mage mat chi ng t he vehicle on t I héd image; matching

means for deliersrigy ng,ifthere s anmtah hetewenyan, i tBoe: of cLhe,det ect ed

vehicle and t stored 20 Image; tracking nmeans for Ing a pgéition of

the detecteqpehigle.gn o{ﬂ”‘ﬁtﬁ@”&ie@ﬁ%ﬂe@&??lé{‘heﬂif@ FRLGNI G (PaRfe

determnes there is"a match; and nmeans for pasting the stored I mage on a
background &éﬂ&%d@piss%ﬁoﬂﬁ%h@s canpbluoys Fogd at 4he peskbilon

detected by the tracking neans. 2

and also the images of the vehicles 1lla - 1llc before

10 removing the distortions shown in Fig. 8 are stored.
As will be described later in detail, the corrected
images are used to produce an output image sent to the
control center 6. On the other hand, the original
images are used to be compared with the detected

15 vehicle images in the image matching at the step S4, as
described above.

Then the processing moves to the step $8, where a
tracking process is performed. In the tracking process,
the positions of the detected vehicles 11 which have

20 the matching images previously stored in the storage
are detected on the combined image 40. On the other
hand, with regard to the detected vehicles 11 whose
images have been just stored in the storage at the last
step S$7, their position will be detected at the next

25 step S8 after the vehicles 11 move and their image are

detected again at the next step S4.
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6." The i mage processing device according to Claimb5, further conprising: a
vi deo output; and a signal generator for producing a video signal at 5 the
" video output, the video signal representing an i nage produced by the
pasting neans. 7. The inmage processing device according to Caimb5, wherein
the storage stores the imge of the detected vehicle when the matching
nmeans determnes 10 there is no match. 8. The inmage processing device
according to Claim?7, further conprising correction neans for nodifying the
i mge of the detected vehicle according to a hei ght thereof when . the

mat chi ng neans detd MIRCEAF ARV ES ﬁ% #raf ERP gﬂer@hﬁr?hé BE8FaHE stores

the nodified i mage fqr the image natcﬁing and wherein the pasting neans

pastes the St hodisti BAFFREGETon t HE baBkTr RERFS PRwge.t §LOFRE | mage
processing device according to Cajm8,. wherein the packground i e is the
onb ned | gt He R LS Thete (R b1Vt e ot it BRCLER: CFBIRLESbedn cut
away, and 25 the i e, processi ng device further conpr'sing a,%orrection
means for m&diSyPRS B&ckPr ?#?ﬁ%b%dZﬂma%&céﬁdiEEQ()fﬁé tBFFecti on

of the i moe, of, the, defegted yehlclg. 10, The,mge bracessing. deyice
images of the vehicles 11 are represented at the
current positions of the vehicles 11. The background
image is the combined image from which the images of
the detected vehicles have been cut away in this

10 embodiment. With regard to the vehicles whose images
have Dbeen Jjust stored at the last step S§7, the
corrected vehicle images will be ©pasted on the
background image at the positions to which these
vehicles move, at the next step S9.

15 The processing moves to a step S10, where a
background correction process 1is performed. In this
process, the background image is modified according to
the correction of the vehicle image in the step S6. In
the case of the vehicle 1llc in Fig. 9, for example, a

20 background portion in an area 50 where the image of the
vehicle 1llc existed before the correction is modified
on the background image. This is because the
background image becomes unnatural if the vehicle image
is corrected and the background image is not corrected.

25 Thus an output image data is produced through the

above processes. The output image 1s transferred to
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5 wherein the background inmage is an inmage representing the continuous road
w thout a vehicle travelling thereon. 11. A vehicle nonitoring system
conprising: a plurality of imaging devices placed along a road 10 to take

i mges of the road; and the inage processing device according to Cdaiml.
12. A vehicle nonitoring system conprising: a plurality of-imnmaging devices
pl aced along a road to take i mages of the road; 15 the inmge processing
device according to Caim6; and a display for displaying the i mge

repr esent ed the video signal fromthe e roceSS|n devi ce,. 13. The
Vehi ol o ronitf6 | 6 Lhe L ermerta afn %nzé!hel FFRE95 50T 13BN el FEEhe two
or nore ina evi ces are provi take the images of the road for
each sanpll %ﬁiﬁcﬁxﬁsAﬁn ﬁ&%@%% %ﬁnﬁlﬁﬁ?ﬁo Fr R N Vi deo
signals froma plur |ty [ g|n deV|c s 25 pl aced alon a road to take
i mges of tgb rd%ﬁlag gnage pFﬁ%&ﬁﬁ nY n?FHGﬁséﬁﬁbr}%lﬁ 28 1S
extracting an | e fron1 ng area,in each es. represented by
t he video S|r(ff|1?§ dtlﬁ’e %H“W&P te%s R Hf iR e %%t%gv?Jo di #2428 the
road_al ong a % icle # avelling directi.on of, the road;_5 %Fnbknlﬂﬁ t he
extracted i fE§&s %o p SdUJC%a%e cé’rﬁﬂcr‘?egtfjl%ggeyéﬁrees nttlchg R&*cohtFnuous

road; and det?Ftl ]ﬂ.vehl g Pgaéh§0 In%%ducé“%he output image

representing the motion of the vehicle.
The advantages of the embodiment will now be
described. As described above, the vehicle 11 1is
10 detected in the wide combined image 40 on which the
image of the road 10 is continuous in the vehicle
travelling direction. The combined image 40 1is
seamless, and this prevents a problem that a seam
between the images taken by the different cameras 2
15 disturbs the detection of the vehicle 11. Also, the
full image of the wvehicle 11 1is represented on the
combined image 40 even if the vehicle 11 is located at
the boundary between the imaging areas of the cameras 2.
Thus the vehicle 11 can be detected accurately on the
20 combined image 40, and this increases the accuracy of
tracking the vehicle 11.
Since the combined image 40 is a top plan view of
the road 10, the observer can easily understand the
traffic situation of the road 10.
25 Since the stored corrected image of the vehicle 11

is continuously displayed at the different positions as
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10 on the monitor 61 can be prevented.

The sampling points 31 in the sampling area 30 are
arranged in a lattice along the vehicle travelling
direction and the direction crossing the road 10.
Since the transformation of the image 1is performed

15 along with extracting the image from the sampling area
30, a separate transformation process 1is unnecessary
and this simplifies the image processing.

Since the sampling areas 30 are defined without
overlapping with each other, the images extracted from

20 the sampling areas 30 can be easily combined without
considering the overlapping portions. This further
simplifies the image processing.

The present invention has been described
specifically based on the above embodiment; however,

25 the present invention is not limited to the embodiment.

For example, when a vehicle is not detected
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as a part of the background image and this wvehicle
image, which is not corrected according to its height,
may be displayed on the output image, or the position
of the vehicle may be estimated based on the motion
vector of the vehicle in the past and the movement of
other vehicles in the front and back of the vehicle and
then the stored corrected image cof the vehicle may be
pasted on the background image at the estimated
position. Two o©or more monitoring cameras 2 may be
provided for each sampling area of the road 10. In
this case, images of the road 10 in each area are taken
from different angles by the cameras 2, thereby a
compact car which is likely to be hidden behind a large
car can be detected. As a consedquence, the accuracy of
detecting vehicles can be improved.

In the above embodiment, the background image on
which the stored vehicle images are pasted at the step
S9 is the combined image from which the images of the
detected vehicles have been cut away. However, the
background image used in the pasting process may be an
image representing the road without a | vehicle
travelling thereon, that is, the template image used in
the background subtraction method. In this case, it is

unnecessary to correct the background image according
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In the above embodiment, the analog monitoring

5 cameras 2 are used and the A/D converter is provided in
the image processing device 5. Alternatively, the
monitoring cameras may be digital video cameras. In

this case, 1t 1is unnecessary to provide the image
processing device with the A/D converter, and the

10 device directly processes the video signals from the
monitoring cameras.

From the invention thus described, it will be
obvious that the embodiments of the invention may be
varied in many ways. Such variations are not to be

15 regarded as a departure from the spirit and scope of
the invention, and all such modifications as would be
obvious to one skilled in the art are intended for

inclusion within the scope of the following claims.

24



10% u&' ()-! 6#10%u& () -, 4410% u& () - S210% u&' ()-! {#&10%a& ()-,! #&10USS& ()
-, 444(5?5nb656nK710 10- u9<

TV $109& () - YH109G&' () - @l 109a& ()-fs 109F& ()-fF10%& ()- 10-u

10- u6666- 777aBK710 ,

10- u@ %109& ()-! h! #10%T& () - @109 & () - MLO%I& () - S1094& () - $1094& ()-78
i 8888&9dEK710 10- u, 2GLO%& () - OMLOYT& () -. 109%& () - - #109a& ()-", L'

"10967& ()-, L' "109& ()-&979999999: xnb@. 0 10-u! YA109%ME ()- 10T 10T
10T&<10%& () BGLOYE& ()= 6#I0YT& () - 4Z109F& () - ; 7;; <[ =. >xVAnb@L0

1! cy&10%IT& ! Y &10%& () -g! cy&L0%T& ()-g y&10%

& ()-9)! YH109WWE' () - . >N>>>>>>>Y?)rg\ =1Q 1! c@1Q%& %/)- 10T 10T |,
10TL<1096& () - ! { A#10%8T ) -HEAL 0FFPRSESI IS, 1655 &CE) - Y952 B ern Byt 290

video signals from a plurality of imaging devices
placed along a road to take images of the road, said
5 image processing device comprising:
extraction means for extracting an image from an
sampling area 1in each of 1images represented by the
video signals, the sampling areas being defined so as
to divide the road along a vehicle travelling direction
10 of the road;
combiner means for combining the extracted images
to produce a combined image representing the continuous
road; and
detection means for detecting a vehicle on the
15 combined image.
2. The image ©processing device according to
Claim 1,
wherein the imaging devices are analog devices,
and
20 wherein the image processing device further
comprises an A/D converter connected between the
imaging devices and the extraction means, the A/D
converter converting the analog video signals from the
imaging devices into digital video signals and sending

25 the digital video signals to the extraction means.
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sampling points in each of the sampling areas to obtain
pixel data of the images represented by the video
5 signals at the sampling points and produce images
representing top plan views of the sampling areas as
the extracted image using the obtained pixel data.
4. The image processing device according to
Claim 1, whereéin the combiner means combines the

10 extracted images so that the combined image represents
the continuous road extending along a vertical
direction or horizontal direction of the combined image.

5. The image processing device according to
Claim 1, further comprising:

15 a storage for storing an image of a vehicle for an
image matching with the vehicle detected on the
combined image;~

matching means for determining if there is a match
between an image of the detected vehicle and the stored

20 image;

tracking means for detecting a position of the

detected vehicle on the combined image when the
matching means determines there is a match; and

means for pasting the stored image on a background

25 image representing the continuous road at the position

detected by the tracking means.
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Claim 7, further comprising correction means for
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modifying the image of the detected vehicle according
to a height thereof when the matching means determines
15 there is no match,
wherein the storage stores the modified image for
the image matching, and
wherein the pasting means pastes the stored
modified image on the background image.
20 9. The 1image processing device according to
Claim 8,
wherein the background image is the combined image
from which the image of the detected vehicle has been
cut away, and
25 the image processing device further comprising a

correction means for modifying the background image
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11. A vehicle monitoring system, comprising:
a plurality of imaging devices placed along a road
10 to take images of the road; and
the image processing device according to Claim 1.
12. A vehicle monitoring system, comprising:
a plurality of imaging devices placed along a road
to take images of the road;
15 the image processing device according to Claim 6;
and
a display for displaying the image represented by
the video signal from the image processing device.
13. The vehicle monitoring system according to
20 Claim 11 or 12, wherein the two or more imaging devices
are provided to take the images of the road for each
sampling area.
14. An image processing method for processing
video signals from a plurality of imaging devices
25 placed along a road to take images of the road, said

image processing method comprising:
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5 combining the extracted 1images to produce a
combined image representing the continuocus road; and

detecting a vehicle on the combined image.
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