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WD 2005/ 006276 PCT/ SG2003/ 000158 - 1 TRAFFIC
VI CLATI ON METHOD AND SYSTEM FI ELD OF THE | NVENTI ON The

wonres®mé27s nvention relates to a traffic viol at POWSG2003/000158

nmet hod and apparatus, of particular but by no neans

exclusive application in providing an autonated system

for traffic violation enforcenent, such as for

automatic detection of red-1ight traffic VIO| i on.

10 BACKG?QJI\@R@EFTQEVFWEWP&\&FWH&Qn r““r@‘t

autonatic red i ght enforcenent systens can be
divided into two sub-nodul es, nanely, the violation

E@Fé@tpgnTﬁgdﬁﬁgEgﬁaophe vehi cl e number-pl at e capture
wﬁéubeesahtlﬂ@v@@dabmghblameeatpom,bMaﬁfxm\MﬂQLﬁﬁ;qns
crosses the intersecti i

RESERE et EPettit, o, PaTEYcRpar BhBPE] Abans
exicdgedvet hpplishitdlon danpeoviidirg eapritenifnd system for

Q!r 239 I8 B G erlR R, FudNQOtHY findthatdie

Vi gl ation detection nodule i,s on stand-by. 20
Retecting of megurdoht FraffiicaVigdiadtily red- | i ght

enf orcenent system 10 has the foll ow ng nain

conponents: a vijol ection nodul e conpri sing

?ﬁg%@ﬁ 5b§7 %Eﬁﬁﬂggﬁthlcle nunber - pl ate capture

mdgleeleeerrprue&mm aa.Lﬁ"jmmaﬁ.’e:r residtight]l Anfrrcdnryy; systems

I nt eH a%ﬁ, U O.I thPJ B AN | \i‘FaILll&L%ps titfe &ffolation
ouSE

“he'sarne ca |net ‘F~s the Canera
eteeuacmon @quﬂlan@ndwdll@t Mﬁémcél@péntn&qﬁnrq%tq FFaRtEre

Eionﬂﬂklﬁﬂ)féﬂillgﬂﬂ dﬁé¥éﬂldﬁ1lﬁﬂéﬂfﬁi¢éﬁﬂéléﬁ
e status of two | oop sensors ]ji?{; one after

{cme sRetfethen iMteseFtiqm SRR FrRe o, Mgt e
A ddiss lﬂHeeroS:e:ﬁImcatheS of %fxercrmartgldro émc@uﬂ:mg@é&:anthe

ZB dur i ng %he d- llg?;ﬁ»Prte‘-}fyd eddxt VI oI r| g%eireen ]flght
tdiﬁﬁaitﬁ:‘dn i miuaihe/eatstmrnsdra:ﬁi),a iy vseiwba;iel_m dg¢gection
SBABF 20b OGRS el i nduct i ve | oops (208, 20b).

WO 2005/006276

Referring to figure 1, a typical existing red-light
enforcement system 10 has the following main components: a
violation detection module comprisging inductive loops 12
and a vehicle number-plate capture module comprising a
camera system 14. The loop interface/controller for the

inductive loops 12 are usually housed in the same cabinet

Exiszting inductive loops technigue for the detection of
red-light violation use the logic of the status of two
loop sensors 12, placing one after the other in front of
the vehicle stop line 16 at the traffic intersection 18.
Referring to figures 2A and 2B, during the red-light
cycle, a violation is comnsidered to have occurred when the
triggering of the first inductive semnsor 20a by vehicle 22
is followed by the triggering of the second inductive

sensor 20b. Such physical inductive loops (20az, 20b),
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- 2 PCT/ S&2003/ 000158 which are installed underneath
the road surface, have been wused with high success
woavws/ooee76 he past decades for such applicati oreT/SE2003/000158
Attenpts have al so been nake to replace the physical
loop with a video canera as the sensor input (see for
exanpl e International Pat ent’ Appl i cation No.
PCT/ SG9/ 00115, the disclosure of which is
wihicdr poreations tedrlsich undemsteatdndde romfk EEaGS odfe been
Jetlr L i e aoul g d hen hiee Khachieuatbsisiay such
I'mage processing techniques; the phyS|caI |nduct|ve
almﬁ-p;%ﬁf%?ss are replaced by the "virtual sensor’
conprising the canera's view. A video based detection

red- Ilght enforce syst.em_as
AfRRAT ragte 24 Wg%%?%t‘%a]%? e eﬁ?%é$%e r%h;ggy Lf foop
G ananidEo aanatatdiortistsmison et e(seo rHeT serale
ection caf s) b/60115, the
ﬁe%?’?’raetlnol? er-aqiéﬁ %&aﬁiﬁ?get%gﬁl% |1?1@1t6/h§e@?o/rm f a
d:arélr@sm@tcainmcwhieslﬂwm% i RRF iR 1P ¥I’F’F§e?%’i‘°e)
e ACE DN, £ ANES A § Esv:t@l@@ﬁoﬁlﬁwéﬁlﬁdsﬂﬁ&mcﬁbl net
as t% canera system Z8. It shoul d bge not edtthat the 4
qﬂ@@r@i]tuswgt%%%t%??%ﬁs%e\‘%c TURS hetRarpPRY= 1o
i Gei-~Re 1 Sup Codied i £ Ba e ExEp Pacled eloy | tine r &giohudD,
25 within whigch are detection, reelig‘gs corresponding to
F9fsOF no%f?fi‘?’?/’es’r%p‘éh%fc?lf% 67 e A and 2B. In the

context of i mage processing, such virtual sensors are
%@ed P & S§L+ Qb éﬁe% c§OPighPalRBor ¥bhBLE EPSLEND as
%%n3|onal area o e digitized i mage (depicting
h@wncnwefa@@r©f3t%%n%ral@ﬁla§e%§or?°%FlFF§ 9fd&Be

E&ﬂﬁ@%ln DushBondhes del eelboar phRCsEecpisnl myalles
Virtual sensors ar roce
lof

and
myzehngsea@e‘aeﬁmw ERAPATEhEOF NEYE %gwg%ﬁﬁ"m) 26 and
é%@ﬂi@ié Ynﬁhh'b@tﬂpli@ﬂ(ﬁe@éptﬂf:e?:ﬁoﬂume01nnages folp plie=
| Mage processi unj.f to obtain the_ t
7 "afll %%SF?\’FO?%Hut% =stBRIVeRT 8 e%?‘é@eﬁ%ggaé U%pggr the
aatecohbhoaamErgueé dsshowssthént $pecarmeocabings WO the

82824209§59em %8 It should be noted that the placement

of the detection camera 26 can be wvar ried.

The detection camera 26 views a detection region 30,
within which are detection regiong corresponding to the

inductive loops of figures 1, 2A and 2ZB.

Tn the context of image processing, such virtual sensors
sre defined by a set of pimel coordinates, within the two-
dimensional area of the digitized image (depicting the
coverage of the wirtual sensor) of the video signal.
During the detection process, pixel values within the
virtual sensors are processed and analyzed, spatially
within the image view and temporally within sequence of
video images, by the image processing unit to obtain the
relevant violation information such vehicle presence and

speed information. Figure 4 shows the typical locations
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PCT/ S&2003/ 000158 of the virtual sensors 32 within the
camera view 30, which correspond to the placenent of
woheospoyss cal i nductive |oops 20a and 20b of PCOLGR®3/000158
2A and 2B. The presence of vehicle 34 would be
detected owing to its |nters%ct|on of 5 the virtua
sensors 32. The advantage of “using a video canera, and
hence a virtual sensor, is that it mnimnzes,
oifn ddvey eriivsved, ssueeTss SquaitRin GhaGARSHT iRy 30, which

d@ﬁ?}ﬁ?dﬂa]ﬂy Al enedlUsS &F mhéIﬁhyHlddmﬂjﬂd&ﬁtiﬂe

Looptf |?(9r]51t A 2 oﬂérfysgl\}’i%%{sul ndgag#s\c%%sl are emé[#] bd' of

vidha Aafd et Iwbelmasaet it ettt wwierg dfo tihss wnﬁeuaatectlon of

sensors can be chan by nmeans of the image
tﬁFbé@HEﬁ RRRe §b%§%ﬁ Application of image

proceSS|ng 15 techni ques, however, had not been very

Té’gcce fﬁwlé};g&é%fnogf%y%ﬂeéwéﬂn Ggsd Héhce a virtual

rt mance of this technique s
mdw, a!fs" dehadtyl By reinidjeed iingRperRienGyniTigh as due to

SIS A1ONSha AU B D-ddel Rasst weranatw,e @fusd® byatisa

sensor with its SenSItIVItX spre acrqfs tg g

instiptlatipn P IRERRE %3% @@f?’a‘f% R e

wlm‘l{fh % e@rétﬁﬂi@marﬂeﬂce?umtyenhawgemah sémsoFgeare

S1gn ue 0 venl cu e

Bl heid T OV LTS R Y 08 the viweual

s/a"cjucmbg dwadbe grtanged Iluctm%ﬁms cof ehsi J-Iya%‘aul%@?ﬂ%smg
eo_S t

%:Hi-' FE Q&gconveréﬁ?if 2t 20n L& F OfiREgL hSrbEEsEDEg Of a

I nductive | oop sensor
oedimmidees, hewerencthad n%%h%%?naﬁﬁr$n?90%§ﬁ§FF£"°glng to

{8,a4 éﬁér@céﬁﬂn§§tmlln p@rfﬁcusﬁﬂslthaepéﬂformance of
non-vehi cul ar npvenent F@fer gure. 5 9
?hb$|E%?%n%ﬁ%ep%?f%?ﬁﬁ%%eag cE%%vggt?ona T nduc snt
i£§@$§§@8?bﬁd1aﬁonﬁgtewin@ntaldhe peaskra n@tghgupﬂ bhe
nounted_at _a_ver i r
TBUELSO 8L 8 1E1 L 0 RUALE s om0 o cEibs e
#heualeikghe spegbhin| and4 Ganab@eééﬁéEt@EtQBEurépélﬁnfra'

an aCtHéﬁthy h&%héﬁ?é&' 98 tht ¢aBebheaghel due to
er t her t e vehicle 44 orres onds to a

n@iol-‘a‘ﬁhéﬁuléﬁ TAESBEBEs SECRhBEnBRARFTFiaR PREpment.
¥h5h§@§ ¥e &QQ&éQQngghtlﬂg and vehicle headlight

reflection, can easily cause the wvideo sensor to ‘false’
trigger the presence of a vehicle. & conventional
inductive loop sensor, on the other hand, ig an active
senzor and only sengitive to metallic cbjects, so lasg

sensitive teo non-vehicular movement.

Peferring te figure 5, to replicate the performance of
conventional inductive loop sensors, & detection wvideo
camera 40 should be mounted at a very high angle ‘looking’
directly top-down at the intended detection region 42, so
that the presence of vehicle 44 can be detected accurately
at its actual physical location. It can then be
determinaed whether the wehicle 44 corresponds to a

violation, on the basis of whether it lies over virtual
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PCT/ SG2003/ 000158 sensors 46. In this view, vehicle 44

does not |ie over virtual sensors 46, so no violation
wooenersed. However, owing to the physical PCT/SG2003/000158

constraints on the nmounting 5 structure supporting

the canera 40, at nost intersections it is not

possi bl e to achi eve such a nmounting position and

angle. Referring to figure 6, a canera 50 nounted so
semsaws K di ret il atview obisielant 1995 IRt fie “Sver

é%?é%é?‘senégfyw4%rwbéiﬂ5”ﬁ¥61éﬁfwh5ﬂs daedesdlt in
se 10 detection of a violation. Non-violation

vehicle 54 is shown travelling (in traffic direction
Howd~avey d&vi&hétt@ thP EIBeNDm s enses sr&in t Huon doles meenting

et coincide wth, those Fb
%ﬁ%‘?‘é"%?‘f@?%’f/‘é’frﬁ’ n ? nsaflpé?%l ¢ di ér{\g\ét?soﬁsgqeggsecuons
ithewag@t iposiilsle i ew)acbeent suchya oheertieg ppeitiey and
g%e§%¥£ffgvﬁét#@%ur@r@segcga§59§05§ m&unt8d so as

at1on even though neither
wcertpen@usacte@ 4% Iwerbligue ctRFte 5@, thegWipEt¥CRL { he

é%g&ﬁ&ﬂﬁ%dénQaﬁéfEréléwe@Q52c§ﬁ0ﬁésﬁﬂtd£heﬁheOﬂamaéera
detecti on canera g ﬁ ig g

A rectionarft AeVhph? bheh: ofN?’FaY?‘?go hg0i hghtRis 24 18

Qh%@fttﬁ?véﬂafngn(iﬁtersﬁﬁico@;reatbodeh)tbowdedecvlrtual

re [ vi ol ati ops \Y I t e

A SatreD e syth, S8 She FAbE| FOR IBLHEARELED vy, cmone

é@@ﬁ@egdlcnbaeven,dseecndomeh401al§§I§trﬁvgééi§9b69h

% ffgéeagg%8t$8HS§ oééeﬁffEhée Lgd- hhghhlglehaWDon

recor cls Tz-a e

enticelvnobsteugbeythe’ vEpwTeE ERPVEY ?FoﬁﬁgoVFﬁt&al

%%éé%nééoégn§593036 .1 B8 bameﬁalso ﬂé@ébdeSaavﬁblbﬁdpn,
eckin ossible tr lation to

me%*éhoeg%dns&eﬁm uSpialel 5L, bRadPoRVsrotry Behsare 6.

rejected OL processed further, where said V|olat|on
ri ses.,t f or bi dd At Ly vehi t [1in
FROGp: dadeFiinea 35 bPathe’ gipsde) SHeF £5/ S2uR 1100
&eneenied cegiesn 50d saidthgodsticsirpareperd §lation

ug%%gpkgd E%oﬂD&hEgﬁhﬂg dt Eh%skpﬁgb%bﬁﬂoqfﬂﬁwﬂilc
'on and detect sal d vehicle in WO 20Q5/00 76 -
@ov@@g/ggggggﬁ@@ggggA at an intersection, in order

detect red-light violations of vehicles travelling in
direction A, wehicle 58 travelling in direction B
(perpendicular to direction 2) falsely triggers both the
presence sensors 56. A false red-light violation is

recorded for o vehicle travelling inm direction A.

SIMIMARY OF THE INVENTION

Tn =z first brozd aspect, the invention provides a method
of checking a p0351b1e traffic violation to determine
whether said possible traffic violation should be rejected
or processed further, where said violation comprises the
forbidden entry of a vehicle travelling in a predetermined
traffic direction into a monitored region and said
possible traffic violation is detected by monitoring a

first portion of said region and detecting said vehicle in
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said first portion, the nethod conprising: rejecting
said possible traffic violation if any one or nore of

woheosfooé27ewi ng events occur: an object is det eCEMSGR003/000158

at |least one 5 predeternm ned external region |ying
outside said nonitored region and in the path of
vehicles travelling in a different direction from
said traffic direction; said vehicle is determ ned not
samidafirat ppettive, thepoekhed oFOPRFLEIRS: i n sai d

traffic digerdion,g 1 5@ighby @V Td eci st £t v IbILEioWIif any
to have a conS|stent velocit and a further vehicle

@Weo%fé%?r$s°ﬁeFB€tEﬂl}ﬂw§%$dzv??F§t°ﬁ8PFron bef or e
sai d vehi Céuﬁf bi5j 66t ers edeteced etwnal peastoonef said

d t bej f Lo first
e e i
f@ghes aﬂd|ﬂﬂeﬁheOpﬁthnbﬁgvehldlpésgrbvellvpg|épi@n
%b%¥?5%n§aer¥§@&8£ef£8md§£§&tE?akﬁléed§§gdtlgﬁcond

region after vehicle is
detected teabd vehicieris FoFerBiRc® BPEr BBl jaYRea positive

ES{ ﬁeﬁehecbﬂd%élgbéeggﬁﬁdéaﬂdaei‘ade&acau@actﬁzﬁnsau d
ven e In saidfjrs ortion of,said rggéon wh

any objectsﬁﬁddg?éb?%ﬂ 1% Petermined 3P 83Pagﬁe
g3h8iB8knt2belogiiey; Bnaferably the ):clsthod includes

v ehi cla if spjd violation is r ped

Pref er abl y& t Ergh?ﬁrﬁﬁ +¥e%i On ?égg%g g? de&Q’Ctedfln said
Suﬁbt puikeloal beégirensadd mppmslae1§|d6§este§aﬂa a second

Bgr EgﬁegfbsgghogegggﬁfeEQEHyFEBSnHDBbEQ&bBQbb%ng after

means east aqnhe vi deo caner a.
mvéursthpomnpnonnngaeﬂ treffirsfizfgti®®cond
portions and of the external region or regions nmay be

by ot her neans, such as g ﬁctlve EO%@FMD 200%{006%&%1e
PrSfeFééﬁﬁlGE@smeFé?ﬁséﬁﬁ 3§60 88 PrEF-EZaSRY Gt KBS S
Febhedibacbudes ideteid miehdchketibedstaictedy doobist Eaiid
éggéhétggitQ%nF%E'%%Eﬁn%e%QQnCQQE%E'%%1%,vehlcle is

detected to be =zaid first portion.

Preferably the method includes disregarding any detection
of said vehicle in said first portion of said region while
any object is detected to be in said at least one external

region.

Preferably the msthod includss photographing zaid vehicle

if said violation is confirmed.

Preferzably the external regicon iz one of a pair of such
external regions on opposite zides of said monitored

region.

Preferably the monitoring is performed by means of at
least one video camera. However, the monitoring of the
first =nd second portions and of the external region or

regions may be by other means, such as inductive loop
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5 plurality of values of said velocity. Preferably the
nmet hod i ncludes nonitoring for all of said events. 10
wonowessabodi nent, the forbi dden regi on conpr PEESGa003/000158
intersection during a red-1ight phase for traffic
travelling in said traffic dléectlon Preferably the
nmet hod i ncludes nonitoring said intersection during a
green-1ight phase, determ ning a maxi mum vel ocity of
techmided®s entering said intersection during said
green- |ight phase and a mni numvelocity of vehicles
enterin said intersection dur ﬂg saLd reeg % g id
'Ehf PHECY 1RFLRLPE cORBRT RT-08I BRPEDSF 87
é%ﬂ&bﬂ@%'ﬂyn&oﬂEiQEéﬁy Bﬁdc@ll@ééiﬂgC&nd]uomparlng a
veIo g |d 20 n1nt ﬁégg ty, and rejecting
?i% Y b?P 3?|8ﬁ ?%l sat d conponent is
greater than sald ref erence nHX|nun1veI00|ty or | ess

) ri f b ai
$hap. sabel T pleTa0chod B NehoRl LyriRg Boef 8180bY said

nce maxi mum ve Ity equals sard maxi mum
eéwesty plus a predetermned first constant, and
said ~e G rence ~~& ni ~~~uc6 el ccitz squall sai d

I t I d
Bonaranpubsaihnnbonthal FoPREANES| RORToPorePERLEE,8Rd

M%Eér@@cﬂﬁbﬁrﬂ?ﬁeﬂg hyraddlngha phabei fercomsfdat to |
t t
GPRTORL iR WP ReY EraBRie ARECULILAUT bELOLERRE,RES

negafi ve const an
mQEhadninuhudebompnytorbngvealdlnntggﬁecﬁpsnlé&FP@ﬁsa

LiLe g%?gﬁfgsﬁggger&kﬁgrmfﬁinsxgmﬁhﬁlmﬁﬁ b%lgeltgeof

BSTF ave negative fifst constant and
peblcleé §@§©ﬁ§n€oﬁ§#§nﬁntﬁE§§FF9€nfﬁF§ann§aégcgﬁﬁen'

g agﬁéseoén30§|hhﬁ@mﬁmr%El@ﬁﬂt?eeﬁnGeﬁﬂﬁ&b&nb&tewEMg
2005/ 006276 - / SG2003/,Q00158 P ef rab%% t he
ﬁé%ﬁoHnFﬁEﬁﬁﬂE§°ﬁn FF&FEnﬁaé g*=PR{ ar §tP SFring a

greeRiktghly aha@eeldabermammmgmaveﬁamnmywﬁc@mv@H&ﬁimﬁximum

ou wher.e _convol ut

gﬁigFaF P8 Bqiz |5%?E m?ﬂ%ﬁ#@ %%1?nte&gg?§gh§ald
ﬁanemthppupcatyonaNd rPOFLEER0/ 60Y150ERbbAE TISEgFion in
&Rﬁchvggi&lggmﬁehghhngss@EgaE@EeE§§9I%%ﬂdd%%ﬁ%&e&%bd

max1mum velocity or less than said reference minimum

velocity.

Preferably the reference maximum velocity equals said
mazimum velocity plus z predetermined first comstant, and
2id reference minimum velocity sguals sadd minimuwn

velocity plus a predetermined second congtant.

ITn gensral, thz manimum reference speed will be determined
by adding = positive comstant to the maximum velogity, and
the minimum reference speed will be determined by adding a
negative constant to the minimum velocity. However, in
some applications this might be otherwise. For example,
it may be desirable to have negative first constant and a
positive second constant, negative first and second

constants, or positive first and second constants.



10

15

20

25

30

35

li ght phase and a mini rum convol ution output for
vehicles entering said intersection during said
wanresmoéa7ght phase, 10 cal cul ati ng a ref er encePQESGRUGI000158
convol ution output from said maxi mum convol ution
out put and a reference ninLngnL convol ution out put
fromsaid m ni mrum convol ution output, determ ning one
or nore vehicle convolution outputs for said vehicle
during said red-1ight phase, and rejecting 15 any
PROFSIRLE Vi @lealie@modn 1wiltiac@nendani teaims ald d/ehi cl e

.convolution outputs are greater than said refer
Hﬁ%ﬁﬁﬁ%ﬁﬁ%&ﬁv@P&Fﬁ@habé??%%n' qhgé§ﬁF¥Eﬁfsgﬁﬁfﬁé§3¥i' ce
R MCeRRLuittiionn clitipuit . (w2eRr efcervatiiutidre output is

ref.erence maxj.mum._convol yt.i t | i
ded; BEENFSRE &Y S ﬁ&lop%ugl lﬁa@rﬁdegﬁjggrfnlr{ggé J%ila?ts:ional
reRsitaMpp lane tiaind Noof AAHESIA/MIRIA cOIR AMMITP3)) for
voelf'xti%:Li\{es %%%%gﬁnga'ﬁdﬂi N AU CAQ U e 30 1 t U A kS

predeterm ned second constant. 25 30 35 1n a econqr
Iorgked pheysec 2nd; e THAVEHE SPTHIUV R a°%";£§{"erf°’f ofshicles
égﬁ{/egﬁ.itﬂg]%aﬁé riaftfd s el il | ik e Saidigickesm - Bighty mhase,

e travelling in a predeterm i raf
QE¥QQﬁ§Rﬁ¥9rﬁ(f%f?ﬁ%%%?ﬂ%ﬂ#%QﬁﬁcﬁﬁnYéiﬁk%%ﬁréﬁé%PEi%E%n
é(;aﬂitfﬂirn&pﬁyﬁhemoramlwtmm@umra:@%meﬁ@rence minimum

et erom nin et her.sal d,_ vi '
S5 DR AR ol A oL i
dytsérmntn e i Gainbsy steimdke cortTylitelon (o R RR t for
a‘?ﬁflxpﬁél‘ﬁ. ]réafcidcfiﬂ/d’ olafd 0Py i NI 194480 @ndiFSjecting
portion of said region and detecting said veht&le ﬂn
s IS FR1IFHI AL L WY BERS PR 7P o> Said vehicle
5{%@2{@@% 999:115\&& 0 ¥&] §Eba et ?‘t]ﬁms sédbi@ tedéfénce

ion if any. one or re the, fol |l ow

R PR UL o% HRCRRE Gt | Foa TRaG Sgha Pororehe
ﬁ&ﬁi%ﬂﬁﬂf?ﬁﬁﬁﬂﬁﬂi@mn@mtpﬁgion | yi ng outside said
nonitore

Preferably the reference maximum convolution output equals
said maximum convolution output plus a predetermined first
constant, and said reference minimum convolution output
equals said minimum convolution output plus a

predetermined second constant.

Tn 2 second broad aspect, the invention provides a system

]

for detecting a traffic violation comprizing the forbidden
entry of a wvehicle travelling in a predetermined traffic

direction into a2 monitored reglion, comprising:

2 video camera system; and

a2 computer proceszsor for determining whether said

violation has occurred and in electronic communication
with said video camera sgystem;

wherein said system is configured:

to detect a possible traffic violation by
monitoring a first portion of said region and detecting

said vehicle in said first portion; and
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5 region and in the path of vehicles travelling in a
different direction fromsaid traffic direction; said

woehsme7ss determ ned not to have a positive PCT/SG2003/000158

conmponent of velocity in said traffic direction; said
vehicle is determned not tozhave a 10 consi stent
velocity; and a further vehicle or object is detected

in said first portion before_ said V%ELCIe,iigggtecL an
in a secohdl rpdpetoRasdfl PRSEiPLG &H3TEAFdVia on & Y

oRQr LioRobei B¢ @hkeFolldwdrly feSlent@ ticax:n sai d

traffic direction. 15 é%FZS 3% Pref%riblétt Ce

pr ocessor 2PsOPirERerScORFPGEFED 0 2contTm “sal d
pReTHItRIhivied abdteinerll yddfiosnily isys tarhadetee ctasi b ajqpi tored
vehicle to.be in said s NQrid I regipn
SREREP 258 4R S BE T HorAlad o B g (2
didfeirent Briefeertdlony firvm predcedgmific Qimandion:
configured tg di,5Leqand ak-daliodd ARofcsaisre higsitive
in said first portion of said regi.on ile %ﬁ%ﬂobject
domptaicant of tie oLt Inisaie YRR AR

regi on. Pighier skhy chike isy detigrinicladiena teartere faor

phot ogr aphin said vehjcle, operable b said processor
qoa 3@%0%Yd cle if said vehicle is

det erm ned, fugthawe vertierled orsaikd ey bitldetaagdriin said
referably th ternal. ' j e @i {n of 4

t};‘mF pé%ﬁ%r%’aﬁ’e?%ogﬁeonsgaloéne‘%%jie?eﬁs]iet%jée)% of sald secon

partiior e swig oregi3h Pragit angonheykiembeing after

S !&tlkf&d &ﬁecfrffi'ﬂ ne, et hefsi saitha@tDohtY IS
consi'stent by collecting and conparing a plurality of

val ues of said velocity. WD 2005/006276 - 9

BTF SGAOR3/ 00 1h& S e e abd yEhbehsy st@nfigucedf tgucedfirm
A AT, AR S P Lokt i@ SVECSH ELIBEL et
vehicle to be in said second portion of said region after

said vehicle is detected to be said first portion.

Preferably the processor is further configured to
disregard any detection of said vehicle in said first
portion of said region while any object is detected to be

in said at least one external region.

Preferably the system includes a camera for photographing
s2id vehicle, operable by zaid processzor te photegraph
sz2id wehicle if =zaid vehicle iz determined to have entered
g2id forbidden region.

Preferably the external region iz one of a pair of such

n

external regions on opposite sides of said monitored

region.

Preferably the system is configured to determine whether
gaid velocity is consistent by collecting and comparing a

plurality of wvalues of said velocity.
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intersection during a red-1ight phase for traffic

travelling in said traffic direction. Preferably the
weypets@ms276 configured to nonitor said intersecPCoi8G2003/000158

during a green-light phase, and said processor is

configured to 10 determ ne araxi mum vel ocity of

vehicles entering said intersection during said

green-1ight phase and a mninmum velocity of vehicles

entering said intersection during said green-Ilight
PA88ah1S G Whaliend il Rt raXitalpentimeid Ml fabrsaid

sald maximum velocity and a reference 15 m ni num
ayVErd&-ty from said m ni mum velocity, and to reject

any p055|ble V|olat|on in which said conponent i's

eater n s ef ey | ess
zﬁ’f*es aﬁ“&’ enc me%ﬁer%um ve ol:l(‘:gqu‘gydhe égF]e?/lE%s &
m&ﬁm Curhig BRAWNG ightbmiase rfa?tr tHeafHventi on
gﬁJﬁﬁ(iﬂﬂ d Yer & LR ek dﬁfﬁf¥fé¥brably the
o)

nom; e descri bed,, exa
svyrstham elee rqmc%lq@q% etcaéﬁqmp%‘i/ o#l%‘i/ﬁ%%"sc“r?fl ng“ring a

cj}’i‘.flédé‘rh S 1 drid %éﬂ%@dd@s%:ﬁvﬂ@fcmﬁgmeérto
ctive Ioop sensor red I|gh enme
IR ERIBRS K PRI Y5 1o CL e | CRAGLo it pind Baid

ﬁ%@fﬁé&iﬁidrﬂrﬂﬁlﬁ@&sﬁd ogr@asm 1mu:fuctp1v@s¢ owpd s rigbRimum
t_Vi on Ei
§SFhe L8N W ARt o0 St SELLON.0lq LK adar 800 Fadut s

eW O I or art based
éa?.ﬁilggds&ne‘tn‘.ght@mesym epglFitREe ﬂ mf%ewefm?ﬁem“m
? f%% sanQ£éﬂﬂﬁ@$'QQIQélﬁﬁeaﬁ&da|réﬂérence
V| ol a

tection system of the s%i%en%of fla 3iiect
:sﬂlmguree%o%tfa frew spid Rinimyr FaneratHouft E° 3
éﬁﬁftggéﬂﬁlQnvi@IaEh@nViﬁtwﬁicBEQsDﬂ ebmpogent 3s greater
replicate ¥S|cal i nductive 8 % gensg $as han said
2@@%/@@6@7%9 S PRC BB G00T58Y Frgure B s & view
pEfarfatsemieivahi oalotityeed- |ight violation ow ng

to a restricted canera angle in a prior art video

based system Figure 7 is a view of the false
HRIEFt DBACRIPEHION OF THE DRAWING

In order that the invention may be more clearly
ascertained, preferred embodiments will now be described,
by way of example, with reference to the accompanying
drawings, in which:

Figure 1 is a schematic view of a prior art
inductive loop sensor red-light enforcement system;

Figures 2A and 2B =2re schematic views of the
configuration of the prior art inductive loop sensor red-
light violation detection of figure 1;

Figure 3 is =2 zchematic view of a pricr axrt a
video based red-light enforcement system;

Figure 4 is view of the virtual sensor
configuration of the red-light violation detection system
of the system of figure 3;

Figure 5 is a view of the ideal camera mounting
configuration for the virtual sensor of figure 3, to

replicate physical inductive loop sensors;
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5 red-light violation of figure 6 fromthe view point

of the detection canera; Figure 8Ais a schematic
woi2e0s/006276 he virtual sensor configuration of BCT/SG2003/000158

red-light violation detection systemaccording to a

preferred enbodi ment of thgngéeg,ent 10 inventi on;

Figure 8B is a further sche ic view of the virtual

sensor configuration of the red-light violatiaogn

det ect i on Fegmirem6ofisf pgviewsRE B J@les detectjion, o & red-

108 Al RN QLD £PY bl SWeDfodihra ethdightn =
I-ol ati on etectlon system of figure 8A as seen from
rrtieon ante thigiec Hnsed SWMIFA™ 10 is a flow di agram of

the red-| igglfurevizoliat IaORr:Ldﬁi e ithe rfetlhed ddtddmiore of a

8A and Figure 11 is | ow di f th
‘%r? r9€ Y%5h Dr oce%g%% h‘%hé% %@%%%r%f <
deltﬂéﬂiﬁ.cﬁﬁ cdniEiAl L ED DESCRI PTI ON OF THE | NVENTI ON

According .o a prefqrs sg-,lﬂé%aﬁ%ﬂvfgw e tHL S tulb

i nvention,” there 15 prow [a red-light violation
shatsnt | oStk isoE gereedt 1ok W1ﬁt¥?@lﬁ%§e%ﬁl°n
%ﬁ&%%@é@%r@%&%ﬁ Prdf depe dedRsdd Diew@®E acfaopresent

30 provide two vehicle presence sensors
BPeen®PR; one vel ocity sensor 64 and two horizonta

traffic sensAife @M.is @Btfuﬁthe@:e senenitsi areiab |of the
virtual sensors, that_they _a P OV
VA b S STt hEE it e T L HhE S Sl don
d&ed ¢ielbsn asyoterend £ ofiagunein®®r - pl ate capture (NPQ)

canera (naj , | ect c
system 14 o’fﬂp 1§ ép &E 'Igh.é h@ir'@lﬁal @é‘i@é@r

I gure 1 stem 60 | s operate
Q0061 9e62Fton Qf tmg@b@aﬁeom%aw%ndﬁ%eF%B’Pn gystem
8P”H§’u£§f g4 noL §Q@Mﬂir&ﬁath§oaéeébslaﬁdcaﬁéeaesses
r

dat a omthe various sensors, _.and trigge
oper at i on BoERR NPC S afret 1OV 5 HRTHY ‘?ﬂ éé‘? o:F%?’l bhabt
PeLection precessonthetROBpUE Sigthe 8kidendcanera

system signal is ﬁjﬁgltl zag i nt ugac va:.olatlon

t wo- di mensT bRaAf<i %3 38-_{_/‘3 %%g o? glﬁe | mage
d&action and verlflcatlon process of the method of figure
8A.

DETAILED DESCRIPTION OF THE INVENTION

According to a preferred embodiment of the present
invention, there is provided a red-light wvioclation
detection system shown generally at 60 in figures 8A and
E.

@

System 60 employs = video detection camera (not shown) to
provide two wvehicle presence sensors 62z, 62b, ons

velocity sensor 64 and two horizontal traffic sensors 66a,
66b. These sensors are all virtual sensors, in that they

are all provided by means of a video camera system.

The system 60 also includes a conventional number-plate
capture (NPC) camera (not shown), comparable to that of

camera system 14 of figure 1. The gsystem 60 is operated
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depicted by the various virtual sensors as defined by

a set of coordinates are extracted fromthe sequence
woRosPoe7gi ti zed i mages. The pi xel s are anal yzedT/$G2003/000158

spatially and tenporally, for the extraction of

various violation paraneters, such as vehicle

presence status (on the virtual sensors) and vehicle

speed information. 15 The two vehicl e presence_sensors 4
bg2an ezacpreuﬁéeCPﬁ§r°5Fé§eﬁ€@tsF§PU?)oF%F§hF81 §eLs an

pEEQ§§E@§ e aStrepml the JHEHBAs @echedrs,glhdperiogers the
Irst presence sensors 62a is |ocated just into the
opgratdest Pén then¥PSeEaRG“Purt her into the

intersection; their positions are thus conparable to

t hgse 20 of ,cqnyenti gnal i nduct |.Qop utSQSF th
Dugdngs Hiftei'l o?.l;—%'lg 2 %ﬁ%eg g&%g‘n%é:\(_%f? S%’e’t e_tc%t%ingﬁ{tg’fu the
vildeopenerce syseesordgbad, i62itigihiizess e FetsqIUBre of

8915 Oeﬁms%.on%ﬁég.t&tlg.lgt%sv' 0hbatian vElRled Bf 2HOSHAYL area

YR PATIESS 1% ed when the first resence sengor
fiped bY a

depd ditedt biygFdveedars oy FiFEmad &BEXR &9
s! t%ﬁ?%&Hf@ﬁﬂ%&%@Lbﬁﬁf@ﬁﬂﬂhdtedfﬂﬁdﬂ(ﬁﬁi(EEQﬁéﬂqpﬂaf
3A), raising a vehicle presence status flag from
digifiged dmagess ~<5[&"5‘ypl"ﬁ’§ F ianeerafrf?&yzo‘?fA’t %s o
aserfed thih anadiigr eBB)axfousherialatiide 68

advances further into.t.he int | S figge 9
BaE 3SHERF oS tHe A &8 llz}g' emg)nrle%%e%géd% E&%ﬁ% _vll%deo
vdattectl crercamey)a amgepiedticie \aeed clipf¥gece®ensor s
62a, 62b, velocity sensor 64 and horizontal traffic

sensors 66a, 66b. The velocity sensor_64 rreasu@es t he

Type vl Fle REAFBICe HRAS B2 1HH RHY Bver @it
pélé![éé'f?ée SENSQAIs A9t afdHIL A0 2R [P 20M6e -stidp 1line during
1 S&003/ 000158_ r eqi on %cf. r%ergl ons4zsg]f, fé;’%:”fsisiocated
Tedreadhe PRIV t Y LIRS T TR H LD det eF i he
whet et genuineemiatnidmn thassorend réerpen dnto the
possible violation is fils %ie ét\‘?gusb e PEESepserhose
R ERE 6 eflﬁgor%ie{:\'f%% a‘%’l@on ve%?c e wll be |
4 f avebtémgiomel Hendiieirs kPP sHRSORBNI FOr BAC 1 &S FRRir
fiLectyn LodlediIWE SélecB Gt HESthe two presence
sensors 62a, 62b provides the detection logic of a
possible violation. That is, a possible violation is
detected when the first presence sensor 62z is triggered
by a wehicle 68 entering the intersection despite facing a
red light (see figure 83), wraising a vehicle presence
ztztus flag fromwm low to high, followad by the triggering
of the second presence sengor 62b (see figure 8B) if the

vehicle 68 advances further into the intersection.

Figure 9 is a view of the scene as monitored by the wideo
detection camera, depicting vehicle presence sensors 62a,
62b, velocity sensor 64 and horizontal traffic sensors
66a, 66b.

The velocity sensor 64 measures the spead and direction of

any object within the overall virtual senzor detection
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direction is defined - as the velocity sensor's
direction - within the inage collected by the

woebwdmoéye sensor 64. The velocity sensor 64 deCessR8m00158
t he conponent of 10 velocity only in that direction.

The false triggering of thel;presence sensors 62a, 62b

by (for exanple) traffic moving (in the vi ew of

figure 8A) in direction D at right angle

rdpient i(of -Cregaonhé2ophe £ i85S, Qener'rgleeg‘eé‘sured velocity

vgnglggngl i “IS%IE}V:&%I glgltggmy_g_@t @he tihiert hIale g@@ls:ﬂrm‘ vdolation
n direction D _.t. t
hag| pegaraes W@enz &r BOV?é’F'gget Vg attﬂ'é’?’e\g'ies %?11(]): %ofra%%%g{]ted
bgrg ri}:@l'er %‘i‘e‘s@ﬁc@ sehabsze EQIag%eSQ[bng af trve pried@iden
s n_ vehi cul ar
VSRLERGEY EonarAVaT (B e iFat e off gtﬁ{@”ges
nbﬁfﬂt@&{dd)mraﬁéd.@st(ﬂllmcm X il |Eizmneo8Ajendnst ¢hi

CO”S'@ His RRFit %Isoceﬂev v\éQLQ;&.rt}P\é%rns}br'SEBWlon
Image franes. y ana yzi ng}the conS| stency of th6e
—medisiried thel doiagp veddectesy &y dhreralaidge § 1.

e ! e
| Z0oNn

R FYGE PRA GHRGHE AT pr s AL Chigen S of
ﬁffkﬂréﬁe&ﬁd Qsdéiscﬁ:'s 6(353,856211; by offeen eyemueleli cutakfic
- e a I.C i.recti
e Uit iR S hed AR S b} e 2 6 Wt Bghe
il d0 uahitegafifdr C,Thass, the afhpnthand ddITIEH)2

rese” ‘ﬁe"‘ien 1SS 4% ﬁ?\%hﬂér Dniﬁ! tﬂ@réa{é@doﬂSawam:ie

OnSI SCE pos| ti V ocCl t det ermi ne

mns!:mg tin shieetien Dindhe n‘CFF %Pe?%c??lb‘?’ior |“§’['j]pfo"\3ﬁ5%’§“me
é %I@éi@;ﬁr&sﬂltﬂéﬂ fig 5 NSafSoamt fxﬁbd:.ﬁécﬂ@mlr@

| ock di agram of the overall viol

W%%t?%%ﬁ%ﬁ‘@d&so%f S RETTELS AFTRT°The process R Rp von
POOBHO062 Fforerht RGT/ 8GE0HS¢ 0600 158 tuimencesdinion (such

?%?q%%% E%ﬁ%ggﬁﬁfégggflééthEt'%@8@§£ 1aﬂ'gé£ézﬁdW1ll

e processin r violation
mkete@ém@natmlmal%@ht; gmseyw@ vehecihEt eRF O over 2

%ﬁéﬁgguékylﬁﬁﬁgcffaﬁg§ OCE{r LRACH= DhgViRE akbRBistency of

the measured velocity vector, over several image frames,
the occurrence of false detections can thereby be

eliminated.

The horizontal traffic sensors 66z, 66b sensors are used
to detect the presence of ‘horizontal’ traffic (i.=.
crossing - often perpendicularly - the traffic direction
being monitored), and thereby further minimize the false
detection of wviolations due to such traffic. Thus, a
violation detection by presence sensors §2a, 62b is only
verified as true if a consistent positive velocity is
determined by the velocity sensor 64, and a null detection

is provided by the horizontal traffic sensors 66a, 66b.

Figure 10 iz =2 block diagram of the overall wviolation

detection process of system 60. After the process
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5 During green-light cycle (i.e. "red-light=No'), the
system 60 continuously updates its reference
woar@meésss for the velocity sensor 64, the hecracntalooo1ss
traffic sensors 66a, 66b and vehicle presence sensors
62a, 62b. 10 Figure 11 is a block diagram of the
viol ation detection process using inmage processing
t echni ques accordi ng to Ssystem 60, durin a,red-li%pt
cOFMQaceBurﬁn@aHM§nﬂﬁa oft ilglast SHAEISR i%ch

£ASIRCtEAN gk iﬂa@é)@ﬁ:fcﬁiéﬁkﬂﬂg eﬂdmemo‘:fattm
erati onal npdes: i rst VI | ati on detection rg,}tges@nd
dﬁ&%ﬂﬁiQH(ﬂzﬂHﬁﬁ¥g Fett A é&ftﬁﬁa?lrst
c\an@ﬁido%l tRAdcyy rande oddiﬁ:ﬁatsieemﬁ()flcﬂmm ivRRikcles.
t o .anal ze t quence of, iImag ( ect
Dyurigg qﬁﬁﬁﬁb ﬁ. Jl %?(icil%ggiﬁgﬂ) 1) Hfstem

etectlono I ol atlon t he
&UYSdc&:[ﬁ:LGﬁ.lcﬁﬁﬂds L@da'ueggertsy@ﬁgrqr@pq r@rWs pﬁ cthe

tu.r £ AN = O l &P md %d}ﬁpii'”i’:fhgfﬂc td¥nsors 66a,

|on e |cIe ‘s nunber-plate. The system 60, after
6266') camilvermtqlcm RfeLHqS sierﬁ%"f's'at‘?%ﬁl t$7Ryer, operat es

in the second violation detectlon nmode, that is, to

conti nuous|y detectlng t he Iatlo t
Righg el bris ehdladh b a‘-’("saéEo ,t%\%d %ﬁ%@g%%n

gYdgle idns enmuyl Whidedsoing rtggmlqmgmaacmrqlh@g NPT
30 nodul e f fhe ca ryn second vi ol ati on
F3ERR. é?—"l Ff%’l'r ﬁpﬁl‘il BE%E%TT%VDE During the
first violation detectlon node, the horizontal

!ﬁtﬁlrgfrfx%c %@%Pa&fg ) P%oﬁé&éﬁedétéétlaﬂal uagddéaéctlon

fon o orlzonta traffic. hor | zoné
prodéss 1@ oprerate@ dipyetrheE o bf tvﬂe°P$\5aFFr%“% a

é:lzrgt LETE. 6188 Usstdctibe MehECchrdpsesendevsehablon
6b are not WO 2005/ 006276 - 14

¢%H¢§EE@GS%6@%158 activated. If the status of HIS is
0, on the other hand the first VPS 62a is activated

for the _continu I e n vepkcLkeseahf 60
?ﬁ%l?grgﬁ V%%F i ?%ﬁﬁegsg;0¥h8 ?%ga?ngeg pogsrﬁle
ybatahien, tbhenglvsentbesﬁaqugnéﬁ sft hmagpfsfoypthsla

gggéc%ﬁ.SH‘ E@W LRl QhoiQtLin) vbBandedetesbhob ok a
e violation by t first VPS, 6 62a
v1olat10n, the system 60 sends a trigger signal to the

number-plate capture (NPC) module for the capturing of the
violation vehicle’s number-plate. The system 60, after
confirmation of a first violation trigger, operates in the
second violation detection mode, that is, to continuously
detecting the wvielation vehicls arviving’ at the second
vehicle presence sensor (zecond VP3S) 62b, and hence to
provide the second wiolation trigger zignal to the NPC

modulae for the capturing of the second wiolatiom images.

FIRST VIOLATION DETECTION MODE

During the first violation detection mode, the horizontal

traffic sensors (HTS) 66a, 66b are first analyzed for the

detection of horizontal traffic. If horizontal traffic is
detected by either of the two HTS 6&6a, 66b (i.e. HTS

status=1), the wehicle presence sensors 62a, 66b azre not
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the velocity sensor (VS) 64 anal yzes an inage
sequence, fromimage frame f-(k-1) to frame f (where

we 20es/ypscal ly in the range 3 to 30 for a typCTalz2003/000158
video franme rate of 25 10 to 30 frane per second), for
the analysis of the vehicle's, velocity. The resultant
vel ocity parameters are conpared with that of

standard or reference paraneters to determ ne the 1
awuvmtte,d of If tohee sFadUa iogn ETfhiie donpdt i Sth ‘i%ﬁr ﬁ*a“d

tgl\i?fltr‘égtr "?53353?2358%%1”@ r tiiee raz:&mnrmﬂals phekction
e fr h
of0 tigladtian ﬁ’ﬁl'@-cf]ﬁss'e ?TJS%FLFS @%y&Zx: esfené%/fé§£ged'
g-ﬁgdoclﬁt&n Utép Ibos'biﬂlw} |vzim11£d:.drr.aftfhe: PYRRRIEY | amtuRRE
ows
Srbee B 2D L s e i,

dﬁaodgﬂtomgoﬂ fee pﬂm@eleomqﬂa@éxf S e SEATGRE (OPR HE2as
t} neglr “a?‘}{%q_’}é‘ifél z@éa% iﬂf@géaé@qﬁéﬂ&a

e frf”ﬁﬂe)stf:c?r;fe‘}aétbg bt BerrS thelt | EFpAgLly

ee‘%uién%"r %g:ggé?ejb:flﬁr S£C df/dtl)haid@dﬂ ftamggeate of 25
imted r e_.0 yal

Ensift eSranmiPehes 159t 'anﬁojge%‘?ldg’i’ﬁ ; |on€I “ghg vehicle’s

Jdigaeeed 30 by the same violation vehl cle. Atrigger

signal 1s then sent to the NPC unit for the capturi ng

of the first violation image of the vehicle. 35 SECON
M&:@J&ﬂtm%mmmﬂgw herseeeRBayPe| Wi FBnthat

SF' SELAGRL AP wLhG-SuoL SPublne EBSENEL ALY kaCRE Lhack
etween the first WO 2005/ 006276 1>
MimoeﬁmonmevvwhwbﬁnmEbéﬁ SABPERESRBeoHRLCE also

giﬁéﬁgntﬁ%' ggﬁélsﬁ’&ncj}m@ﬂstﬁé hbesaeedndp¥B8 62br khe
eeds a
SAURRCPaREOIBASD. SoEDeg. SBABNES HRPeRUENGToRC; B
%ﬂiﬁiﬁﬁesl Eﬁlséhe:rﬁgg@ﬂé baukebabiyorxteirggeér fﬁ?}tﬁé‘ﬁy such
ri ggere t
ﬂ@t FF@ﬂnﬁ%g E F§¥§éeg€&8EEEQ§nstanHrsha&b%Eat'@@on

hin the
bbmﬁﬁ.rmhemonhefsecbndeVP$0@@blP§ t thggapedabls odcfigst

vighatign hkLiddel sl geakeksc8edd tadibethRg the change of

detection operation to the second violation detection

mode.

At the same time, 2 timer wariable, TC, is reset to 0.

The purpose of TC is to keep track of the time lag between
the firgt violation trigger and the second violation
trigger. Keeping TC to a limited range of (time) values
enzures that the first and sscond vicolations are triggered

by the same vieolation vehiclae.

A trigger signal is then sent to the NPC unit for the

capturing of the first violation image of the vehicle.

SECOND VIOLATION DETECTION MODE
During the second violation detesction mode, the system 60

essentially keeps track of the time lag between the first
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nodul e for capturing the second violation vehicle

nunber- 10 plate inmages. The main function of the
woaoismoed7al traffic sensors 66a, 66b is to dePeTiSGRIVE/000158

presence of vehicles travelling across the nonitored

traffic. During a red-Iight, en a 15 " horizontal

traffic vehicle crosses the rizontal traffic

sensors 66a, 66b before triggering a presence sens r
v63aata6h, tirtigherggedsthe Ercendalvisilghirn faiggstng PY

Lhe pres %ﬂ%eF%Eoﬂdhgﬁ zgpal triFafheC tiglRi Qlagy @ixceeels a
C|n|t e vehicle presence sensors 6 @2Q
mahumuaoseﬁgwaﬂueuntveeﬁa 1d¥adty Ve S 3FE éﬁf%le ° 5

%g:%?g‘%f ﬁei:%‘ﬂ%l@. ? fﬁzﬂheESﬁ.&tleli@a&l@In ,mithat isree cride
e vehicle presen n T
VEP&@eﬁﬁﬁt%Eﬂgﬁﬁe HﬁrP?&nFﬁngfﬁggflc%geﬁg%r %Eﬁ?ryéturns
loS UG tvh.ail,atd.w dig telet: i coc oerdesnc & fofthe thime lag is

Iatl%fao gf vi gl at hon %%L‘Qé%&ﬂd'vé§5dﬁﬂ id 11 9Rfgered,

|c Eensor s bba, 66b before
aI reggard g dlles i S iagers sdanaly dif @t dite NPC

S.I.or %016%% a3 QIg‘ e whide welralidan Wieess , nimser -
day an |ght 30 detection, is inplenmented on
nﬂa;auﬁm%gaﬁ the system dlsclosed in International

fate?t Appl%caaion No. PCT/ S&9/00115. One of the main
unctions_of the vela sensor o
T RAAD TR HOR 1 o AR D e 4 (gt Ssa,
agkpgi@?st@sgjéwmd ithee prseerice dof seelBEcles brewde bhigde
rofil e-Spee ac ce | 9segls - t
acTPss fh ﬁ?oeI}’h | ona‘%xo%ea?ieérii Zﬁu ﬁl?:&at?on ’\blfg1§€F wRen =
ﬁisrffimammamczmm?@osa@ s/ hepbea? B 158
r,gg?c IL&EL: 1L KW a CYESIS, bé‘f@fbtbﬁ:.@?éiﬁmgl & pobsence

in detection node, th sensor
mqm u@%@l WGléon%%t%%lQ%%r%e?%c}?Ee’Eﬂ ia%f%?’?‘st e Jc')‘f"a't:mg
{ SHEESRE Sot g ohghi £ 6médl cerdbeiapdabbdlieetbethy
aracterlstlcs are, used as refergﬁggrgagga OEapb

%H%%%ﬁﬁ%n? rERe | Ty CPRaRE == 3R 8cFTon operat i on of t Thls
SY§hEM) thﬁ@rﬁhl&e@@nivauas thef eebhcbeupyacenge ﬁﬁ@sors

%grouggb %%E%OC¥ 1 C%gihéthﬁe enabLes -t Bg=8yskernel
vehicle presence sensors. The placement of the horizontal
traffic sensors 66a, 66b is such that, during the
occurrence of a true wviolation, the violation wvehicle will
not trigger the horizontal traffic sensors 66a, 66b before
iggering the first and second vehicle presence sSensors

tri
622, 602b.

The wvehicle detection process, for both day and night
detection, iz implemented on tha basis of the system
disclozed in International Patent Application No.
PCT/SGE99/00115. One of the main functions of the velocity
sensor 64 is to determine the velocity of the possible
violation vehicle. The processing technique used to do so
is based on the Profile-Speed-Extraction process disclosed
in Section 5.3.1 of Intermational Patent Application Ne.
PCT/SG29/00115.
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10 operating traffic, lighting and weat her conditions.
During the green-light cycle, the follow ng

woan@meésss, obtained from each passing vehi cPeT/sSae@3/000158
constantly neasured and updated as reference data: 15
SG, maxi mum speed during gr egn- light cycle; SM NG
m ni mum speed during green-ITght cycle; CMG nmaximum
convol ution output during green- light cycle; Cll1
m ni mum convol uti on out put during green- 20 |ight

Dﬁ%ﬁgﬁegggéhﬂﬂlbﬁﬁ kight, Cwﬁha,thbes&@ﬂammua;naﬁ(mpaqptlng

ers 0ss| bl e glol tions are o tmﬂg; v
lBldeﬁéFtion @Déﬁ rkEpe PELLY) $FE *speed 0 alne&
c@hpﬁk@@etheaveEZbyﬁyfcwaﬂaaﬂaﬂuﬁtxqﬂgﬁiuﬁﬂzﬂﬂﬂﬂ#ﬁﬁcnn

frane

sesiverstr ot eido otth Hered ey LB R
u@@ﬂvelsuh:'le(femhtc&l dedaf rfom fubreduens Tadmid ghy phase

Ss'é_%'o% ; Qi ot Gan Isw&nvmemélhﬁ ahis sh el
o raneters, for rmm3|fto ful fill
::tetferem:lel @Wd@g'—et lovEe & heo ridraaushs -£rat f§ﬁ“eé-‘d“ ’ﬂ%‘btee "rlc
}{%%1%/ SGZO 3/ oooffgs it aIJ&SEJafdat:ﬂ:l ftdﬁ?ww i
B i.e betwe
opeFaRimda e afbdicmurh 1@%3@@& s‘sdi‘de’g'm‘%%

respectively; 2) convol ution out put range all the
convol ution out put.s a f Misters,
TR R AR T 8 o iy HE S
dkﬂiam:,ec'CI\ﬂJR;m @MdIR peospietd iveiticls) ¥ SFREFRRIELY he
Rk %C@%ﬁ%&%ﬁ%&m@m fromfranes f
[

e wthin a limted ran H
respectlvéMamer@§§l@H@e§P§ﬁé SyEinge 9TES &P oﬁyc
values. 1@ To f kbl Bpespe alirianggreendiltight, caidle;
frg fokfkﬁwwnggglmum cbnvo&%&q%% E&%Ehfr%m%ﬂhd d?@gh
light cycle;

Cyme, Minimum convolution output during green-

light cycle.

During red-light cycle, the following velocity parameters

of possible violations are obtained:

8;, for i = 0 to k-1, where i iz the speed
obtained at frame f-i;

Eavz, average speed obtalned from frame £ to Erame
£-(k-1);

¢y, for i = 0 to k-1, where i is the convolution
obtained at frame £-1i;

Caves, average convolution obtained from frams £ to
frame f-(k-1);

A possible violation is confirmed when the obtained
velocity parameters, for frames £ to f-(k-1), fulfill the
following three conditions:

1) speed range: all the speed values, for Eframes £ to f£-
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following speed limts. 15 The first condition of a

Violation is: SMAXR > Si > SMNR, for i = 0to k-1
wohers®o&76i s t he speed obtained at frame f-i, BQ@SB0003/000158

SMp1IR = SMZ CG + SA;, and SMNR = SMNG + Ss S. SWM

and SManTG are vari abl es o_btfx} ned during the

green-light 25 cycle. SA and SB are configurable
constants such that (SMk, TG + SB) < mjni rrumL}sEIg%edf rence
(2130 Tustnddr bekwessedhef TENFIRNTC BRS SEHHELITSF et
vgtlu%ggu?%x%ms}l&m hre dpplicOf-RETW se as preferred by

users o e system60. The mi.niqum s .S set

20 hgEnFRIL oW R ERYhiFARES ! Al |°€g‘1‘§’f°q141€1°§n‘ n?%#mdts’

£oREGE anitlse FlQle F-qk-135 arstdilfifee karttwderg Hilingoinimum and
weat her, road surface texture and j i guality

magiEEt RFE SRS é’r?é‘euse’o?“é’@hvgf‘ﬂ’fi %%glﬁgﬁ*t:gﬁ?gyof t he.

39p et gisdsuranetthe Fpessl dHsheaanvo YuwilanD Va9 grotpined
-8 o PCT/ SG2Q03/00Q158) spead NRaASHIEEN s Dimiedd crasge

gﬁ%ifﬁat%ees %r 9 cfSIO(g%%ﬁ ne- pelrr&iPéglgh( say, wthin

weientgimalthe mespsc e /VeTrRIS areed iDL

ﬁ%QRVoq.'dE:L'dH‘ Wtgud varies within a limted range, as
Ighting, weather, road surface texture and 5 video

i mage quality conditions are assuned to be constant.

FenGe, 00 she ash sEB ity ndendid thvm, sathoehe vehicle

t i me- perj od nd_at artd arg_ a4t j : Ratehe

TRRE LNV LR 55t RO 3 rﬁ"g‘ls‘? B sy a%%%ﬂ%

SslBowing teskednonbfs. val ues. 10 Thus, one way to

verify the validity of a violation is to check if the

convol uti on output of the speed, neasurenent of the

Thel fiton cepditionieE 3 YhPhaBl?Rr+div range of

reference values. The reference val ues of the

convolution 15 outp are, obtained.fro SSi_RQ

vehi cl es dur MR He “igre HEWRi'gﬁt%%pé'r i_o? . he§ 1

convol ution output is obtained using the equations 14

%ﬂgréSSffiér%ﬁ%rgﬁééﬁﬁgbéggﬁ%@ at frame f£-i, and

Suaxr = Suaxe + Sa; and

Sying = Surne + Ss-

Suaxe and Syme are variables obtained during the green-light
cycle. Sp and Sy are configurable constants such that

+ Sa Zimmd i SIS EO, e = 71O
(Sypne + Sa) < mamimum zpeed; and

o

(Symye + Sp) < minimum speed.

The maximum speed of a vehicle is typically set at zbout
120 km/h, but otherwise as preferred by users of the
system 60. The minimum speed is set such that only moving

vehicles, with at least the minimum speed, are detected.

For different lighting, weather, road surface texture and
video image guality conditions, the ranges of convolution

outputs of the speed measurement varies. However, for
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Application No. PCT/SE9/00115. 20 The second

condition of a violation is: CMAXR > C > CMNR, for i
wgztmsmom_el where O is the convol uti on obt ai Red/sSa003/000158

frame f-i, and 25 CM&M = C cG+ CR, and vy; CzZ 11 =

CHB TC, + C " here CE~A-bSs d. Cbjay~ are variabl es
obtai ned during the 30 green-light cycle, and CA and

CB are delta values to control the sen Y of q:
s‘peledf measugemeTlts ©fi NehdeAgst MaFhiTed ?’Fo %rr%l U1ax Eime-
pLi-QLAl 1834V eriifigal iRt i nlRisenniang tde the same

consi stenCies of the speed nea uremant 35 .par anet-er
lotseaingd \kiehicenMed Ut iom, pEdRhY ges §"Te:"ngﬂlencerge ﬁ'nﬁted

afs QQRHILIRY)Civem thiet, err[da@/emrﬂah@ tepetatre and
conS| stency an$ the co v.Ql.ut i O%&Utﬁéﬁmﬁ@spsﬂétﬁé‘c‘d’onéﬂant

eed
}re@ms StfmC)sp&dJmaur@rmse wirkhin e showrtrieime-period

SRESYS Ohdhe Ahalat 10 Mehiihed WHdY N cdnsreLon

ut Ive rrage ranes, remain co S] St
chioe, walieleﬁs il Tl ive R FERe VGt ’d?%‘?%‘ﬁ gy of

‘}A?@él - SAVE| < SD for i =0to k-1 k-1 where S
10 and SD is a constant value to control the

sensitivity of the consistency. The convol ution
AP UtorO NG S taNGyet SEY cclpnswakbidity ¢hea chrdatierohs to

out put, of the neasured s f
Ghafk |4 R&?tﬁ?PY$i§EF?] £¥Eh§)%%Egg%bg+€%aﬂﬁ%égurement
&f RS, vicknmiors weimbibe chies Mekighin { #ena koY range of

Co diti oné%tl‘?%r Vi Oi'ﬁ%' Pé‘f%(@én&@nyvﬁiﬂéé 0Pf i Shel c&hveolution

= el e
output are obtalned from passing vehgcles girlng the

green-light period. The convolution output is obtained
using the equations 14 and 15 of International Patent
Application No. PCT/SG929/00115.
The second condition of a violation is:

Cyaxr > C;y > CMIN'RI for i = 0 to k-1

where C; is the convolution obtained at frame f-i, and

Cmmg + CAi and

Cunxr

Cymr = Cumve + Cre

Where Cyre 2nd Cyme are variables obtained during the
green-light cycle, and Cp and Cp are delta values to

control the sensitivity of the verification.

The third condition used for the violation verification is
to determine the consistencies of the gspeed measurement
parameters, obtained within the k frames of image
segquence. Two types of congigtencies are employed: the

speed consistency and the convolution output consistency.
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ECG i=0 k and CDis a constant value to define the
sensitivity of the <consistency. 25 H odifications
waoi2odsime27he scope of the invention may be readCirgG2003/000158
effected by those shill ed in, the art. It is to be
under stood, therefore, that is invention is not
limted to the particular enbodi nents descri bed by
way of e:anple hereinabove. Further, for the purposes
of this 30 specification it should be understood that
e HUSH cHOIDELShEY" i FBaREd - o cnisling bhiatnohe measured

l[imted to", and _that th d"c [ ses”

A Johdriy TEsHE RO R BhoL ootorBie 6Be RiirflRer of

RGTE 60024 0S8 draespthodath coeskibgnh. poBsnpee the

traffic violationct L heeswhe said possible

Y?%ﬁ$i%9%é%ﬁ%ﬁ?o%fs oﬂ?%igégggrgfgc%ggé%régrocessed

further, where said violation conprises the forbidden

entry of a vghggl_e dlavel kipg, ifoR ip:edleterki ded

traffic direction into a nonitored region and said

possible traffic violation is detected by nonitoring

a first portion of said reégﬁg and detecting 10 said

vehicle in said first portien,?the nmethod conpri sing:

whkeet i ng sai d possidhe Fr%ﬁgrc violation if any one

or nore of the follow ng evehts occur: an object is

geaest etk i) adnsemst ombie predertrdhethexserphfivity of
ion_lvi tside said nonitored 15 region and in

%ﬁ %%?ﬁy%ggﬁg icles travelling in a different

direction fromsaid traffic direction; said vehicle is

?ﬁ%eEHLGSQuEQBpteuhﬁue_aoﬁsstEﬁey genpoenentuek that the
ve 00|t£_|n said trafflg direction; salggvegl%%% LSolation

AeREBPAIELERNBEEPYth e the BEAEHRE s ERSE e Loty Yasa

gchurtBer wiehial eher kobusberi s fdebecked tiives divggsf ifrgmes,
ortion before_ said hicl e et [ e

DoPeiBA GPogaEsePly HEReE,; o TEITE Sondldcnecand

afibdation for conwvolution is:

Ici'CAVEI<CD! for i = 0 to k-1

k-1
2. C.
i=0

k

and Cp is a comstant value to define the gensitivity of the

where Coe &

congistency.

Modifications within the scope of the invention may be
readily effected by thoze shilled in the art. It is to be
understood, therefore, that this invention iz not limited
to the particular embodiments described by way of example
hereinabove. Further, for the purposes of this
specification it should be understood that the word
“comprising” means “including but not limited to”, and

that the word “comprises” has a corresponding meaning.



10

15

20

25

30

35

40

said first portion in said traffic direction. 25 30 35

2. Anethod as clained in claim1, including
woanfsioed7ng sai d possible violation only if sSBC®SG2003/000158

vehicle is detected to be said second portion of said

region after said e .i"-le ig.detected to be said

first portion. 3. A nmethod a§ clained in claim1,

i ncludi ng disregarding any detection of said vehicle
CpIMHE d first portion of said region while any object

Is detected to be in said at |east one externa

1 eg'zgr}neifll‘ﬁoc{\ JEt bod. é:lé“ﬁ@gsihm@' erdEdici Loudtdgn to

phing saird vehitle | polatio

hot d
ARl viss B hOn BRST R} okt P AT Teitige, ghputd
158l fe pxdesdadbr ghotegied ferdmer pfwhepai sabd gy@hatlon
externalsr %0E8r8¥d8£%2QQ§%§0§37§ Veﬁic18p99§0é§llng in a
%?IE%S 0? Sal

noni i'on /SG2003/Q00138 1@h
presdoerminedi FEaffic cihr El°ﬁmﬁ?5?n SBPR* “RBATt BFPHG

éﬁdp@éi@fﬁBﬂsleBEaﬁsfﬁicaV1bbaBionnESvddbeCthChﬂera
A, et hog i Qg C iBa! HelaNgetect
T@R%$%¥hn% mﬁe%ﬁ #8gg?gnvg o%%%&]%ggcons L eg e .
saidevehhglanin sahfafingtaPPFELGRy ¢ F2 8fmﬁgﬁ8§sc8] rising:
sai d vel ociéyecBind sEidopossillai tedffhccvachation if any
i ncl udi ng_noni_.torin I [ nts. 9. A
FREHGH HETEl GF RS g°1ﬁ§€”’%nﬁli oOrnts eBUER!D  bi dden
15 region @@npbﬂ§é§ 4n datertedtiBn2HulPAgtacPed- | i ght
gbéasteQQEnbaaEkterhaavebbuag Lpingi duteadfiei said monitored
irection S
FROFGRI SR EBFI BE Chard ehe et eactran qut Ry S
diééarknghtipkasdondremeaifdgtyets 1ﬁ=a§11ﬁﬁﬁut&g%ci ty
of vehicl eéagat @éhmals_aug daterpeationotdunbi hgveakdpositive
gr een- I| e a_m_ni, [Weloll hlcles
QHF@PPﬁE SSF eﬁ?@ﬁ§¥bfﬁoﬁa gyg%ggggﬁgiéfgéﬁ}%
phase, calsahdtWﬁ@l&leeﬁéréﬁ§§rﬁa¥?ﬁu eff8c efP‘om

consistent wvelocity; and

a further vehicle or object is detected in said
first portion before said vehicle is detected in a second
portion of said region, said second portion being after
said first portion in said traffic direction.

2. A method as claimed in claim 1, including confirming
z2id possible wviolation only if said vehicle is detected
to be said second portion of said region after gaid
vehicle is detected to be said firgt portion.

3 2 method 28 claimed inm claim 1, including disregarding
any detecticon of zaid vehicle in gaild first portion of
s2id region while any object is detected to be in said at

least one external regiomn.

4. A method as claimed in claim 1, including

photographing said vehicle if said violation is confirmed.

5. A method z2& claimed in claim 1, wherein salid external

region is one of a pair of such external regions on
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sai d maxi mum velocity and a reference m ni mum velocity
25 fromsaid mninmumvelocity, and rejecting any
weoaswsilnéxe violation in which said conponent i BCEIS62408/000158
than said reference maxi mumvelocity or |ess than
said reference mninmmvelogity. 30 11. A nethod as
claimed in claim10, wherein said reference maxi num
velocity equals said, maxijm, velocit plus a
oppsfdtte mifas 9§ maidt apnihare rﬁegﬁa‘%/ " ref erence
m ni muns. velocity equals said mninumvelocity plus a
&1 CICHRIHNE b S N LKONSE Aa1rd 1 Arnde o hasl s
claimed 1n claim9, ingluding nonito [ :
mqﬂ#QQﬁiﬁg(ﬁ?(Rﬁ?é%f%?%;gﬁﬂﬁéa%ﬁnopH%éggE%%?é$%$ﬁYﬂ%eo
caantepd mum convol uti on output for vehicles entering
said intersection during said green-light phase and a

I Ni 40 £ t pus ' L s s
Tl & FRUIRLAT 6 W ID0 GORa 1 pPe fuding MBSt Altning
VRET/IBE2 608 D00 i | ¥Ry Aol HFerh-PY gPelhrating and
SahSil Ald N9 SLERIBIGNCEE VEiLEEIND £ oSy D Uvé boc by put

fromsaid maxi mum convol ution output and a reference

m ni mum convol ution output from said mnLnmum . .
Tonvlng tleed ot petainrd et At Fg oie b’?glrﬂﬁi%n% YRRt EpEing
£0PVol UtdPNsQUd perentor said vehicle during said

red-1ight phase, and rejecting any possible violation

in which one or nmore sajd vehicle copvolylign.gu 4
&r e A grethed ?ﬁaﬂfgh‘f‘ﬁgr’e‘?e?g?\%% %ﬁx‘fﬁrﬁ?ne%%n% gt %gﬁﬁd =
fef ot @smptissst aaningeuseetborndering aurpd-1light phase

E?PYQJ:%%PQ PULPME 1149 13 sAiaetbedsas abebgedonn

claim wherein said reference nmaxi mum convol uti on

out put equal s said_maxi mum conyol ution gu%gut lus, a_.
10 edeb emethed &&rglaipadt dt cladfd®satBelafipgngnitoring

£i D M £0RYELYLH0BuRUAPUL g8eehslsghd phamkni determining
Epeolulaon, SULe By UCLLULIRY SEidassrsaction
suoingi enidogpersrhjohthehesrbrader BARATUBf V&L06H ) 6%
trayeh LkngnkBrandOspigdeheepkaedibhabihirindi sedtl gresn-
i?éﬁtapﬂggétoéggcﬁfgkgﬂg a reference maximum wvelocity from
said maximum velocity and a reference minimum velocity
from said minimum velocity, and rejecting any possible
violation in which said component is greater than said
reference maximum velocity or less than said reference

minimum velocity.

i1. A method as claimed in clzim 10, wherein said
reaference manimum velocity eguals said maximum velocity

lus 2 predetermined first constant, and gaid referance

]

minimum velocity eguals said minimum velocity plus 2

predetermined second constant.

12. A method as claimed in claim 9, including monitoring
said intersection during a green-light phase, determining
5 maximum convolution output for vehicles entering said
intersection during =aid green-light phase and a minimum
convolution output for wvehicles entering said intersection
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conprising: a video canmera system and a conputer
processor for determ ning whether said violation has

woeausrwexté and in el ectronic comunication 25 WeCIS&a00d/000158
vi deo canera system wherein said systemis

configured: to detect a possible traffic violation by

monitoring a first portioﬁ %@ sai d region and
detecting said vehicle in said. first portio and 30

dtping] eeidsgidepotspht cobraef | ealrBLating Pfrﬁiﬁreﬁﬁg

m%%%%%%:ceﬁxggﬁtﬁggggﬂtﬁﬁtefrﬁgtSanCmEX1ﬁnmobpavblu§lOn
one_.pre
OFEQPBnaF9|ﬁngSFg?BﬁesﬁFﬁlnnnl?%ggghﬂ%qoﬁxgﬁEggk|Erom

fon a
s@ﬂﬂhmmﬁ1m3h|cbasotuawehlPngpuﬁradSSeam#PéPgnPne or more

v%h{LSEE' 888%9{1‘1:5%%%%%0 £6ir BalidORNehsalle delicge shdd

erm ne

ave.a positi
rodrbéphy PR3E&/d aFﬁaFFP8°gﬁchF¥enpo%%ﬁgaggththﬁgn in
wHetar shaedrnabreoshadevehicdas conyluFdrsc ClFPULFd 25§

9566%?%02§?égg%%g r%%%?%%ggggﬁgégﬁgg%F??;Eﬁtﬁ@mddWﬁput or

1petoithagaisg ide FREPE SRS SYBIEBAEY 99 Os&con %b n
of said region, said second portion being after said
1@'}/2?%&%&:&5&“ ol caalishely akf lf%adm axt,i other®ith saAd

gi med in_claim
rﬁ?ﬁ%ﬁ¥ﬁéPﬁ§Hﬁ¥bﬁF@8'}3H§aﬁﬂq¢%%al éﬁiﬁjﬁiﬂp%%&ﬁ%ﬁm

cm@ioautdmmmqtpurc pdivg @y Prafeferaneds £ iF e i@
ag%hl g] e & SRR reihen nvaiut ikgiartmit erquedid said

|s detected to he said f|
ADAHED (F OR LU 478 GUFR abc P%“ﬂ %rde%é"lsf‘g?%d Bhclhd
doneaessar is further configured to disregard any

g:fgcﬁgon of said vehicle in said first portion of
i o A i SRS S SRR VAR T
th=ai b iddest anherd o el Rl e CHNT Jalllng LR
predetermined traffic direction into a monitored region,
comprising:

a video camera system; and

a computer processor for determining whether said
violation has occurred and in electronic communication
with said video camera system;

wherein said system iz configured:

to detect a possible traffic violation by
monitoring a first portion of =aid region and detecting
s2id vehicle in said first portion; =nd

to reject zazid possible traffic vicolation if any
one or more of the following events occur:

an object is detected in at least one
predetermined external region lying outside said monitored
region and in the path of vehicles travelling in a
different direction from said traffic direction;

said vehicle is determined not to have a positive
component of velocity in said traffic direction;

22id vehicle is determined not to have a
congiztent veleocity; and

a further vehicle or object is detected in said
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for photographi ng said vehicle, operable by said
processor to photograph said vehicle if said vehicle
wo0d@ne27a1 ned 20 to have entered said forbi ddear/sG2003/000158
region. 18. A nethod as clainmed in claim 14, wherein
said external regionis one, of a pair of such
external regions on oppo§it@ si des of said nonitored
region. 25 30 19. A nmethod as clainmed in claim14, 3
fihetepprsapd bpfosm spidcyrbighred st e&&F&Fﬁi g & secon
pYReLBa! o%a'sg.il\ﬂelrﬁ Lo, {Saiape[%bahdn}oow_iﬂl% Ob@GM'Agn@f@rﬂft
conparing a plurality of. : [ ). system
SﬁéchéFﬁgdpP%t&PﬁiﬁpliélﬁhéF%Fﬁigagﬁrgggien1 i's

configured to performall of said events. 21. A system
185 ChaiskRde a¢l aileiiéd Whecdiadims didd 3@6&%ﬂ@(ﬁﬁ%&
regi_on _conprise [ I [ W3 rén [Rdd Ig@iible
PRRASE 4Tt afsﬁ’f%?%?rﬁg’gﬁ%l%%re:d%s?gi 4 traldiCricle to be
vdblegiionn only, iA SpdfeFYES SSHEF 4 A MPL _
19hergian ssrichd pelr@lond @ f Saddhfreguirced afFewrdaist vahirle

iisnterseatifgdg%%r%igh%ri%%a%gg% 006276 - 24

sai d processor is
configured to determne a maximum velocity of

1¢ehi @l efe iErdng 1sdinkd ritrercslevim gk, aheuRiL FaLd
sleendd,0e AAsS, Anboh AigyRan il Opdidsia athiddesction
ering sard intersection durlqﬁﬁéglqﬁgrggﬂis d £¢E while
afnasdd rehig i S ST &P it Vet oci]f)/"JI rom
53 GHRd B W tdtted and ke rief evakit eatyi knarim one external
vengity fromsaid mninmumvelocity, and to reject any
I'bT e violation in which said conponent is greater
than said reference maxi numyvelocity or |ess than
158j d 2 Osy =t en erx ec ke dmedindy et breim y14 P3inal uGiRg h7 gg3mera
&Lﬁagg@%g,&%lﬁiﬁg Q%imméuéﬁ: Spet &b eivg esabd | puovessor
vel ocity equal s sai d nmaxj mum vel ogi . Ss :
5 el BP9 FRY %@?@fv%%ﬁéi%nﬁ% EXiTe s%% l?%%e%%n%%tﬁgmlned
#6 M yeteced ys el aferisbddeni negddtvel ocity plus a
predet erm ned second constant.

18. A method as claimed in claim 14, wherein said
external region is one of a pair of such external regions
on opposite sides of said monitored regiomn.

19. A method as claimed in claim 14, wherein gaid system
is configured to determine whether said velocity is
conzistent by collecting and comparing a plurality of

valuzs of zaid velocity.

20. A system as claimsd in claim 14, wherein said system

iz configured to perform all of gaid events.

21. A system as claimed in claim 14, wherein said
forbidden region comprises an intersection during a red-
light phase for traffic travelling in said traffic
direction.

22. A gystem as claimed in claim 21, wherein said system

is configured to monitor said intersection during a green-
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24. A systemas clainmed in claim21, wherein said

system is configured to nonitor said intersection
wdunisrgeae green 20 |ight phase, and said procegeDiSGR@3/000158

configured to determ ne a nmaxinmum convol ution out put

for vehicles entering said jptersection during said

green-light phase and a nihi%gni convol ution out put

for vehicles entering said inte ti dur j [
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stemas clainmed in claim 24, wherein said 35, ;
sroeich reaeRr FREG AT BV FTRI BB u esesdu‘g#% s%iudd

ﬂaﬁéfaﬁae(hmn&mnmivniqnﬂmxu plus a predeterm ned first
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constan

reference maximum velocity equals said maximum velocity

plus a predetermined first constant, and said reference
minimum velocity equals said minimum velocity plus a
predetermined second constant.

24. A system as claimed in claim 21, wherein said system
is configured to monitor said intersection during a dgreen-
light phase, and said processor ig configured to determine
a maximum convolution output for vehicles entering said
intersection during said green-light phase and a minimum
convolution output for vehicles entering said intersection
during said green-light phase, to calculate a reference
maximum convolution output from said maximum convelution
output and z reference minimum convolution output from
szid minimum convolution output, to determine one or more
vehicle convolution outputs for said vehicle during said
red-light phase, and to reject any pogegible vielation in
which one or mors said vehicle convelution outputs are
grester than said veference marimum convolution output or

less than s2id reference minimum convolution output.

25. A system as claimed in claim 24, wherein said
reference maximum convolution output equals gaid maximum
convolution output plus a predetermined first constant,
and said reference minimum convolution output equals said
minimum convolution output plus a predetermined second
consgtant.



