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comunity educatl on and specific targeted road safety
enforgpmenitagerades. i ke drunk-drivi ng enforcement prograns

and license denerit penalties. However, many current

traffic enforcenent systens using phot ographi c
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evi @ﬁﬁ&%ba@&ﬂréfﬁk nﬁﬁﬁt%ﬁn% ggtélﬁm;ve 2 r%i/éaé i d%gtbggd

come to replace traditi 35mMm ana ase
by R GRS e BB PR T By E Clavs g modify
d.of traffic enfor ment techn i es capturin
unse%r#ﬂe%g REB SIS APRRBS Plging fEég‘ﬁﬁ%ﬁFé@Pﬁm making
st orage space requirenents and inmage resol ution.

illega} Hiraa| The mapt Gl progamsaopbviraroasistenhgersdirafic cameras

supported by automated processing solutions that deliver rapid ticketing of traffic
violators, with other program elements including community education and specific
targeted road safety initiatives like drunk-driving enforcement programs and license
demerit penalties. However, many current traffic enforcement systems using
photographic techniques have disadvantages that generally do not facilitate efficient
automation and validation of the photographs required for effective use as legal
evidence.

Digital-based red-light camera systems have come to replace traditional 35mm
analog-based cameras and photographic techniques to acquire the photographic
evidence of traffic offenses. In the field of traffic enforcement technologies,
capturing vehicle offense data involves a compromise between storage space

requirements and image resolution. Typically, an offense is recorded as a number of
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WD 2004/ 111971 PCT/ US2004/018375 still images of the
vehicle together with sone pertinent information such
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still canmer either digital or wet film or wth
still ynagss of Hieste i togethatr With sere pertingntgnionpation such #s speed,
nunber of shortcom ngs. For exanple, still inages

time gfisiffeasd, pndieo oot convey enough information to assess
the circunstances surrounding a violation. A vehlcle

nter an.in fter, the,
éf?ﬁﬁggﬁlﬁwg ol PR DL Ee oy ek o Gich G canferas,
vehlcle w || be shown as a V|olator on still im
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numbesey, shartcongings nkjori exempice still onages Gieallysloaroe cpmreyicnoegh
to turn during a red light if they first stop. Still
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However, the advent of video has
points, this solution results in increased image capture and storage requirements and

causes the camera to be occupied for the duration of the image sequence.

Image resolution is critical to providing sufficient information to resolve
important scene details such as the identifying data comprising the vehicle license
(registration) plate and the driver’s face. However, increasing image resolution also

increases data storage requirements.

To solve the problem of providing contextual or background evidence
surrounding a potential traffic offense at a photo-monitored location, video has been

incorporated in some red-light traffic systems. However, the advent of video has
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significant disadvantages. Mst notably, when an

wendoancwrent agency wi shes to use video in theP€T/US2004/018375

evi dence set, the problens related to transm ssion
bandwi dth and data storage is significantly _
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provide efficient video clips, but rather shoot and transmit long loops of constant

video data.

The standard start/stop capturing mechanism available in almost all video
capture systems is inadequate to satisfy the requirement for providing footage both
before and after the offense is detected. By the time the offense is detected it is too
late to start a video capture sequence. It is also generally difficult to anticipate an

offense and preemptively commence video capture. Furthermore, where the footage



froma video systemis recorded on magnetic tape the
retrieval of information is tine consum ng and
wo 2ovditng7ra specific violation or incident cannBCT/D82004/018375

done instantaneously. 5 4 WD 2004/111971
PCT/ US2004/ 018375 = SUMVARY. AND OBJECTS OF THE = = .

from AR pYSEE s tegorder ebragnetisttapsthe astrieyal of yformpsion is time
present invention to conbine high- resolution stil

consgingng anid fimtige s spacifid Golaties ot mtident candetdeidone a si ngl e
set of information to be used to record the instances

instapfanto@l§.i c violations in a nmanner that m nimzes data
5 transfer and storage requirenents. It is a further
obj ect of enbodi nents of the present invention to
incorporate a "before" and "after" video sequence
that enables reviewers to identify mtigating or
aggravating circunstances i nmediately follow ng or
preceding a traffic offense detection. 10 It is yet a
further object of enbodinents of the present invention
to provide a neans of visually verifying the speed of
the detected vehicle without using nultiple
hi gh-resolution still imges. It is also an object of
enbodi nents of the present invention to provide a
nmeans for easy retrieval of specific incidents or
driver/car information fromstored or 15 archived
data. A system for capturing both high-resol ution
detail and video footage of a traffic offense in
single evidence set froma single offense-capturing
device is disclosed. The system conprises a networked
digital canera systemstrategically deployed at a
traffic | ocation. The canera systemis renotely
coupled to a data 20 processing system The data
processi ng system conpri ses an i mage processor for
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digital canera system a verification process for
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A system for capturing both high-resolution detail and video footage of a
traffic offense in single evidence set from a single offense-capturing device is
disclosed. The system comprises a networked digital camera system strategically
deployed at a traffic location. The camera system is remotely coupled to a data
processing system. The data processing system comprises an image processor for
compiling vehicle and scene images produced by the digital camera system, a
verification process for verifying the validity of the vehicle images, an image

processing system for identifying driver information from the vehicle images, and a



10

15

20

25

transm ssion costs. Because the still-inmages continue

to provide the high resolution necessary to extract
wopanimnt details fromthe evidence set, the RECTIES2004/018375

record can be captured using | ow resol ution

technol ogies that do not unduly tax the storage and
notifigatign pporess fon rhyBiting rojentishyiolagiopdnfounationto opg or more

PCT/ US2004/ 018375 O her features and advant ages of
law tiferqemeseagenciev.enti on wi |l | be apparent fromthe

acconpanyi ng drawi ngs and from detail ed description

t hathe hetwoied di?%al\é&ﬁ%tkﬁﬂ&memnki&&%ﬁl §ilBidpe digital
BRI EF DESCRI PTI ON OF THE DRAW NGS The present
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agram

that illustrates the overall t i c Violat.ion
enfotiahent B8 HEY 89 L amPrRoB R FisoRLSToe CERHBARD 8 21che
present invention;, Figure 1B is a table that outlines
follasying on firomthejoffensaisselfo T his mmy pssist agpnay stalf to petterqpregive
paths illustrated in Figure I A for an exenplary
the ¢omsxdfxt bEtheioffeatd arevem detectriurtiger afiténsasdyydhe samge vehitleleRae;
10 Figure 1 Cillustrates the deploynent of a traffic

instatice) AdtilI0in pAIPESyBtehY WilEdat et a@ar Both befote AriCftdr @ik line at a red
according to one enbodi ment of the present invention;

light bBINBh Fideb s fdise ?r&eﬁhﬁts@ﬁf ﬁl@? lafso HTROBa P8 car entered the
ng 1 Nnf or mat

acconpanyi ng report on provided by the.
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15 Figure, 3A is,({a bl ock diagramillustration of a
bec%ﬁ’ﬂ"’%}i"% B ERGIABED i ntersection camera system
according to one enbodi nent of the present invention;

The video camera system includes a non-stop video capture buffer that records
activity at the location, including the moments preceding the offense. A buffer holds
a number of seconds of video data in memory. When an offense is detected, the
system starts a timer. At the end of the timer period, a portion of the video (video
clip) of the current buffer contents is extracted and stored. The resulting video clip is
then incorporated with the conventional evidence set comprising the digital still

images of the offense with the identifying data of the car and driver.

The combination of still and video footage solves the problems associated
with the demand for video and the neéd for high resolution and low storage and
transmission costs. Because the still-images continue to provide the high resolution
necessary to extract important details from the evidence set, the video record can be
captured using low resolution technologies that do not unduly tax the storage and data

transmission systems,



Figure 3B illustrates the nultiple elenent canera
systemof Figure 3A in conjunction with a synchronous

WO 2owngiosour ce, according to one enbodi nent of PCh@S2004/018375
present invention; 20 Figure 4A illustrates a
hi st ogram of a pixel intensity for an intersection
i ber fegtures adi advantagenef Geirasentanvention will bpapparent from

invention; Figure 4B illustrates the histogram of
the &dcgmpenyig diatingshed| ffone deiailgl ddseriptivmgRat foowat ed from
t he background scenery image; Figure 5 illustrates an

i nfringenment set provided by an i nmagi ng processing 25
system according to one enbodi ment of the present

i nvention; 8 WD 2004/111971 PCT/ US2004/ 018375 Fi gure
6 is aflowhart that illustrates the steps that are
executed by the central processor when incident
information is received froman intersection canera
system according to one enbodi nent of the present
invention; Figure 7 illustrates the DW details area
of the verification screen, according 5 to one
enbodi ment of the present invention; Figure 8
illustrates a DW | ookup screen, according to one
enbodi nent of the present invention; Figure 9A
illustrates an exanple of a police authorization
nodul e interface screen, according to one enbodi nent
of the present invention; 10 Figure 9B illustrates an
exanple of a court interface screen generated by the
court interface nodule, according to one enbodi nent of
the present invention; Figure 9Cillustrates a police
aut horization review interface that can be used by
pol i ce personnel to review the photos and video clip
of an incident; Figure 10 is a flowchart that
illustrates the steps of creating a traffic offense

15 notice, according to one enbodi nent of the present

i nventi on;
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Figure 11 illustrates a notice preview displayed in a
user interface screen, according to one enbodi nent of

wo b@4piw3ent i nvention; Figure 12 illustrates PEOEUS2004/018375
traffic canera office infringenment processing system

co oonents accordlno to_one enbodi ment of the present

P TION OF JHBRDRAWINGS! r at es t he component s of

an |nage anaIyS|s expert system according to one
entideipnesant infertion ipilseated by waptof examipe god gotilimitalica in
bl ock diagramthat illustrates the main conponents of

the fif@ey bt acARNInG VIBAvERLs, lih Whidhdikedeferencegindizatt shnil&
WO 2004/ 111971 PCT/ US2004/018375 Figure 15 is a

elerﬁélﬁg/\gﬂ@{riwmlchustratl ng the steps of capturing a video
cI|p of a detected offense, according to one
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i nductive |00 |nstalle {1 oads rfac ;5
progenjng eyekem Prdacas sabuliten{ The BrsSiliniehig two

i nductive |oops installed i n t he road surface; gure

16Eigure d Btis atade thatientlines somesfdheinforgiatgn gﬁnsfﬁla%%lp%the
| oop interposed between two piezo strips installed in
datd peghy itiastraged hdtigyre Fidgior en &6Dplidyisafiiaviedatimndessitoring and
system using an inductive | oop interposed 10 between
repdriiBg RceAcgt ri ps with an additional inductive |oop
installed in the road surface; and Figure 17

' ' | %ﬁzre"’}tqﬁuﬁrﬂ&ltﬁgHbﬁﬂ}/rgént%f‘é%!fﬁé FiokksioR Qalﬁel‘é' sweﬁl ata

oop accord I Ng one enbodi nent of
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Figure 2 illustrates a photographic image and accompanying reporting

information provided by the camera system and data processing system of Figure 1A,
according to one embodiment of the present invention;

Figure 3A is a block diagram illustration of a multiple element CCD
intersection camera system, according to one embodiment of the present invention,

Figure 3B illustrates the multiple element camera system of Figure 3A in
conjunction with a synchronous timing source, according to one embodiment of the
present invention;

Figure 4A illustrates a histogram of a pixel intensity for an intersection image,
according to one embodiment of the present invention;

Figure 4B illustrates the histogram of Figure 4A with the license plate image
isolated from the background scenery image;

Figure 5 illustrates an infringement set provided by an imaging processing

system, according to one embodiment of the present invention;
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An automated system for nonitoring and reporting
i nci dences of traffic violations utilizing both still
wan@4aienp canera systens is described. |n thePCT/US2004/018375

followi ng description, for purposes of explanation,

nuner ous .specific details are set forth in rder t

o BYAE s EREh GRCHETR nsiopt LObHT FRYBHIGRS offrl

w |l be evident, however, to those of ordinary skill
prodessor aeaincidenbinformatipn ésstsaeivedhiremtandnteppagiigiecamera system,

practiced wi thout the specific details. In other
accdrdiBigan oesemb@lilnekinaf\the piesent inveaorand  devi ces are

shown in block diagramformto facilitate explanation.

Therigles g hilliiia®e 18f DMV aéteils f€a enbeVefBedtionissreantaccording
intended to limt the scope of the clains appended 10

to Oﬁﬁgﬁf,gdim%{j%{ﬂ;%#,@sgn? ixﬁfeP{i&f;k di agram that illustrates

€ overa fic violati'on processing system

accordi t ne i rent  of e ' '
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processj ng system 100 conprise the intersection
presgBEVeNtPst em 102, an of fense detector system 105, the

data processing system 104, 15 the police depart nent

i ntRigira®d idlysiraten aboamplreoirapaice \a@tﬂwezaéloaep%ﬁ{lmrface

interface 108, the court interface 110. The red |ight
screeAEREardiestb @it EdBodiarent of the pfesomeanvantiony e st i | |

caneras 120 and one or nore video caneras 122

ar rﬁ?ﬂx‘%@Baiﬂluﬁfat&r Ao AdsREtS Rl fabscdtent dedérhaied by the
| ocat'i on being nonitored. When an all eged of fender 101

cou Pk ARE SRR o B0y SR bR P B Pl e

the_, int ection canera,.system 102 s r

t nargvE TR BBGARHra G Fhe i pah il (W fea

invention, both digital still,L phofographs.as well as a
by pdiceipsrsontel {q KRRisW %@@hom and yidgo P‘ép géﬁP WEidshls of

vi deo capturing the event are recorded and sent to_the

dat Bigpreddds s ifloychyrs thanilligiratesthe strms af preaiingss iraldicaffonss,

104 then perforns various data 25 processing steps to
note dckhrdaipio\vat ebbainidneofiih pessemtridvaitibanse data. The

data 11 WD 2004/111971 PCT/ US2004/ 018375

Figure 11 illustrates a notice preview displayed in a user interface screen,

according to one embodiment of the present invention;

Figure 12 illustrates the traffic camera office infringement processing system
components, according to one embodiment of the present invention;

Figure 13 illustrates the components of an image analysis expert system,
according to one embodiment of the present invention; |

Figure 14 is a block diagram that illustrates the main components of the video

camera system illustrated in Figure 1A;



processing system 104 itself includes various

conponents, such as central processor 132, file server
wa341davnbase 136, verification nodul e 138, qeel/UB3004/018375

assurance nodul e 140, and notice printing nodule 142.

The_dat a processing . system 104 receives data_ from

var IS it @rloaichaid uf%gét,m%@é lstens of erpturinge wideq flémof a

canmeras and notor vehicle 5 agencies, and processes
detedted offgnae.faseorflingtth ene embodimebtof the peesgnt dpventive;, | aw

enforcement agencies. As illustrated in Figure 1A

var Figuse IoAeiimstedted ndeectivhi sostemagarpd stgelé htiudtive/Rop and

the vehicle are obtained by the data processing system

inst;ﬁéd{nrtgg}@qlsgﬁg@eg authorities, such as a notor
vehi cl e departnent through the notor vehicle

|
5 de Pﬁg&gl%‘ﬁt st %é%&c‘?iogn Wterd .rh%’{ngrrﬁg 'iﬁ&%gs RALE TRBIed in

thro e police depar in ce
ﬂmTQ%icq%]% this information is extracted fromthe stil
PPt 8Yat a obtai ned by the still caneras 120. The

video data captured by video caneras 122 is_ provided

t o Bigpis ypC illystratss adatestion sysiemivsingraa inductiye {apptinterposed

event. For this enbodinent, the resolution of the
betweehelovorpiensr siripsainstbled iovtbe raadanrfadeat of the still

caneras since general scene data is 15 being provided.

Thi Bigtedéteslusiedies SEQEADA s§HEmidsHEHN iBGUBNe loop interposed

requi renents conpared to systens in which Iong clips

10 bet@ber @ pib RSP W IR aY h@lBRoha3 ifRRLW l%g? isPa1RE in the road

al ternative enbodi nent of the present 1nvention,

' pfying information can be extracted fromthe
mﬂ%ggg%hdata captured by the video caneras 122. For this

e di t..still photo i es .are extracted.fraomthe
vi A i g Ik RS CERET R A R R A
system shoul d be high enough to provide detailed
accpriﬁi#rtﬁtﬁamp@mbommbpfg he pegseRtyinnentioni t or 133 in the data
processi ng system can be used to isolate and | abe
the appropriate frames to be processed as still video
i mges. The detection systemfor system 100 can
conprise either or both of the physical offense
detector 105 or virtual |oop detector 106 to trigger
the capture of still and video clip data of the 25
of fense. 12

10
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relating to the offense is deened to be valid, it is
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appropriate court authorities. As illustrated in
Figure 1A the offe detector 105 may be enbodied in
4 RIPEINONCQF Thid: BREFBRREDIEMBOINMENES p| aced at t he

i ntersection, such as a nagnetic, 5 optical, or

el dat mitgahted yptt@mfsrhaonitbeing@nd répoetiny iasidones of traffic
novenent of a vehicle through the intersection. If

violdthuhs \ueilizil Sotlsstilleind 6l @inetd\&sihRNY dédciBe® Indhe fMRWing

wong speed, the detector 105 triggers the still and
descHipH8e, BAPEDHBsts of eﬁ)’léﬂa@i@h,%ér%s %B&he %@BE altegk‘ét forth in
I ncident. In an alternative enbodi nment, the detection

' e or. .t l,.deo neras, can be inpl nt.ed
5 orde BRI indFstal g B FRIRRRL F O 8 SLPHERT e
this epbodient, a yirtual | oop or trigger, is defined
howswetrhﬁorfﬁgwffqr@wyaﬁ e %B@aﬁv@@rwﬁw ipKention daay be
caneras 122. \Wen the vehicle is photographed or
pracypesbwitheipdle specifigidstaily bt ethér ingaracs.onelhknewn stmptwpeand
time, atimer for capturing a video clip fromthe
devivésthre shdvaniratgeck diagringfgen ed facHuate tehplasativine hs kieveription of
Figure 1A, various data paths, nunbered 1 to 14, are
prefdPedéralodifents NG ihtBRlcaQoPaREME ScopRbrercisii¥Rppatied of
system 100. Figure IBis a table that outlines sone
10 hereff. the information transferred along these data paths
In a typical traffic violation nonitoring and

reporti i necidence. Taget.he Table 1 [ Fi qure
6P e Bl Ot TR UltR e B st B et ¢
data flow process for the traffjc violation. .
ProcgssResstety ag%&@ﬁmeﬁ empRodimeirpfithe piegnt 8y entiom nEheppain
the data 20 Pr ovi ded by the intersection canera system
compoengoeishe tratfisfvigiaiion probessimg systemrdOvcoupoise thatintetsBeotion
There can be any nunber of still photos for the
caméeraGlystemt 102f ypoffalsk deteotor systens i 65, thedas ptoeesdingl dyslem 104,
photos, and any |length video clip of the incident,

15 the potiek @8pdrindiR iterffels§itom 396 OMME $ndtbr VehHEOISHAFTRHNG M hce
the incident. BecauSe the still photos and video clip

' separate canera systens 120 and 122,
108’?&@30/0‘%2%\(%?&%\%2% phot ographi ¢ 25 data at different

;ﬁ lag%daﬁéﬁ 'can-l;.gransiy&ierrlrlj 1%3 ctogs%sttsro Qﬁengrsﬁlio%%tiﬁ%gggadstlao and
one or more video cameras 122 arranged at or around the intersection or traffic
location being monitored. When an alleged offender 101 commits an offense at an

20  intersection as detected by the offense detector 105, the red light cameras in the
intersection camera system 102 sense and record the event. In one embodiment of the
present invention, both digital still photographs as well as a portion of video, such as
five to ten seconds of video capturing the event are recorded and sent to the data
processing system 104. The data processing system 104 then performs various data

25  processing steps to verify and validate the driver and offense data. The data
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13 WD 2004/ 111971 PCT/ US2004/ 018375 storage

requi renents, the still photos can be generated and
w@e@aaswed at high resolution to provide hi ghl pCT/US2004/018375

accurate identification and evidentiary inmages, while

the, video data can_be of | ower resolution, since it

propessig shslei 1p4iitseld mnebilos Barius PPBROneNi® lRYFbaRentral processor

information. 5 If the red Iight cameras in the
132, Aileesorens tlB brdatzhase B36 yetifentiod Maduteetd, quality essatanommodule
incident, a nunber of images (typically, four) of the
140, and ﬂ@ttﬁe,pr'mlting @nosiulen] 42asedaatproceadsih g s{stein N 04 sedeiviee data
and vehicle speed) are captured and transmitted to the

fro8RkH6E eRERERRERes, s8eh & the iRed&tBnRERCES $hil thotdiSfchlBle
104. These immges and the associated data conprise

agehﬁ@s %h gﬁﬁéss%g 'trpeecﬂl?aef& ?mfhg? aéﬁo(ﬂl bythg gp[ﬁ’%ﬁnﬁé el fﬁ%efn%nt

I mary 1 nages € serve e cen
r.ocessor produces conpressed scene inages and
AEPHEY dent details, and transnits these to database 136
for storage In one enbodinent, a violation is

det 88 {1Btrated iy Rictrrel Acvarigns Neranel oraration regarhingibe driger

met hods, such as radar or siml|ar waves, or through
and the wehiple an ohstincd by theataprdesssing sysémi 104 fropesdieriteflies
to determ ne whether a vehicle is traveling too fast

authorities,ssuchias 8 nioeet vishidld @plrt@entsihanugh itlgmotdr velioRtdey@ritent
the violation is detected through the use of physical

inteHfa04168, l.ne B%oﬂhé‘&ﬁﬁrtﬁiehbﬂh?odgﬁ%hé gﬁﬁe%ﬁiﬁﬁ&t J@eace 106.

presence of "a car 'in the proxim l oop a

Tyﬂlggf{y(m% i—rﬁFﬂérﬂs eﬁﬁgétécﬁﬂoﬁl%é £tﬁf 1cﬁ1ré ¢§95% ecﬂl?%&tﬁﬁee still

con € occurr ce o

carieh o ite A ghe éffﬁmyﬁt?}gci BT 8E0 FARCHREILE oY ety supply

typically include at | east one inmage of the vehicle
conéfaqﬁ#ﬁ infpipationaelating i the gvent.. &or this emhedigent gheseplution of

light), as well as inmages of the vehicle license plate
the aiigo dringmrcag bedower than {haofi thiestidhcanagras sin¢evgemeral scene data is

identification information. The |icense plate and

beifilf pro@ided. ThRACIUIB LS sRFfpelahd RaNirhis§ion kdq@ifeinbfts RoPRYEY to
image file server to the verification nodule 138.

sysBARSH W‘Pﬁbht 1Bﬁ%¥f;€§ i C%ﬂ 1e580E6h Pladd & daphpsdration, the

details of t
In an alternative embodiment of the present invention, identifying information

can be extracted from the video data captured by the video cameras 122. For this
embodiment still photo images are extracted from the video clip, thus the resolution of
the video camera system should be high enough to provide detailed information. An
optional frame editor 133 in the data processing system can be used to isolate and
label the appropriate frames to be processed as still video images. The detection
system for system 100 can comprise either or both of the physical offense detector

105 or virtual loop detector 106 to trigger the capture of still and video clip data of the

offense.
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25 and its owner are then accessed at an appropriate
not or vehicl es departnent 108, and 14 WO 2004/111971
w004/ 018375 transmitted to the dat abaseCl/B82004/018375

Along with the still picture inages a video clip of

t he |oI iQn is. also.ca y .vi deo caneras 122.

The ReBe rbpfioRosiaisabubt et is dgemeckinge vand, It i
respondlng still image data for view ng by the

ProYierSHIoNE: Ghe CpRTtdnisrhesyaystemhil Octerdlusappodprisée eourhatthdrities.
required to be generated and transferred to be reduced
f r ovsSllustreted i8Figviny 1 Asthefoffidateadcfdetnr 100 miBte GiiSddRdHin a
that transmt only high resolution video data) to
phydhailitietgctionldyytersthef is gRicad §1Qhe fhté‘rﬁ%ﬁbﬂ aubR s Qtna etic,
| ow-resol ution video and hi gh- resolution stil

optidMR@R SleciHeg] é)@ﬁehggxg{ déi&,ttﬂgls Iy Qz?cecog ﬁ%ﬁ?of ﬁ%}?ﬁe

stored in thé database 13 re nex h 3
I t
thu 4R thE I ASQE A I pAREHLE i el ot VForth ar Y ttbvrone
tail d d
st BBl s Pieefreshe ishamoohden campsrain ey igridg ta 06,

If the police authorize a notice to be sent to the
photegaph thedacidenty &r an algarnaiye¢otbailingeng rthe detattionesystem for the
appropriate court 110 by the data processing system
vid¢@ damdthecandis ioplemehtedithiralehta drbdild® dviect@l Focess 139. For

transmtted fromthe database 136 to the notice

thiPerhbddiment® Hhal b3 o8 trigdepisiRtiRed witRinQa8 EiSldF v'ifW E%gﬁred
104. The prepared hotice is then sent to the al

by ’E}fefv%lﬁl)ed'am%pajs 128y A ﬁﬁﬁ&%%}%éﬁoﬁ‘%e%qg%eél in this

| ow- up correspondence, suc rem

vn@%lhlrg?gtl%)ll@w bergf){;“r t %foa t%lﬂ% x e%ﬁ:gsgo” g‘ﬂbh{) égl%eo

f aynment or nmake a court appearance to satisfy the
oofask it kigeeBAnot i ce of the disposition of the violation
is then sent fromthe court 110 to the data 20

pr obershe sisteny shasm iRigened /s verieus datn paties, datnbbmdd 1636, are

This conpletes the data processing |oop for a typical
provided ationg theaoapodkiity ahdsubheongsvaests GEBfstah 100 eFiRRSEDis a

i nvention. The structure and operation of the
tabRRat GAIRRE §thé o Pthe 8B fon' tRBis BBk along these data paths in
typical traffic violation monitoring and reporting incidence. Together, Table 150 in
Figure 1B, and the data paths shown in Figure 1A constitute a data flow process for
the traffic violation processing system 100. As shown in Figures 1A and 1B, the data
provided by the intersection camera system 102 consists of still photos 1A and video
data 1B. There can be any number of still photos for the incident, typically four to six
separate digital photos, and any length video clip of the incident, typically four to ten
seconds of video surrounding the incident. Because the still photos and video clip are

provided by separate camera systems 120 and 122, they can provide photographic

data at different resolutions. To minimize the transmission bandwidth and data
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conponents of traffic violation processing system 100
Wi Il be described in greater 25 details in the

walemanipri on that follows. 15 WO 2004/ 111971 PCT/US2004/018375

PCT/ US2004/ 018375 Intersection Canmera System A
i cal enforcenmen appll ation of the digital .canera
Stor%%?rfﬁ%‘ﬂéﬁﬁ‘%enis@@e mﬁé’;‘? BéerieéatF an 08?533‘5 %fhlch

red-1ight offense detectl on. For this application, the

resodution| to peeyider gl aseurple adentifigatisin %@lﬁé’i@ng%ﬂ@ﬁg@gﬂ hile éhe
strategically placed at an 5 intersection to nonitor

videantita emdedfiovedrdesobeongfinck it weprimatily dltendadgo provade
light. When a vehicle is detected approaching the

backsdrfhd infenm@fio@ nonitored lane, it is tracked and its
speed is calculated. If the vehicle is detected

entRfegd i chiteRls S fe iffrR0Rd Simdrh Systdnt 202 H&est a9 nal ,

an evil gentgﬁry i mage set 1s captured.” The event of t he

. . bei
e R
s AP Pl O b B SRR

consi sts of four incident I mages conprised of the
cenfrall firoweissiy 132 of thervlata praesssing syiemsH 04 s Thesgdmagessigthe f

the intersection prior to the incident vehicle
asscuiDEG dng coriprisesheo prilnaneevidanes of leotolBjonmdridcire saved in the

scene shot of the intersection when the incident

pnrﬂz%p'lﬁihges'fﬁe 8808 132. AR chiad] E}%i:ebé@)r pRRYcésnipredséd Scene

signal; frontal face zooms that 15 attenpts to

1ma'ggsezﬂ‘fd' 1§1¥1d%;1{{%e&§1 Venld SY%ESIBR? egkcﬂo%%aé’eefy%?sto?égg. 0} one

5
cense zoom at attenpts to 1 sol

hi cl I
B ORI B,
the digital t TI FF
LD, ot Bob i

possible. In relation to a potential violation, there
simélretechmiques éo destrmive aibether evdideds fraveling @%@é‘fﬂrlhﬁlﬁg@ ared
These include, the date and tine of the incident, the

light @€ stbp signo A ltehertivelyihd eidlatidrne deiepisd thrbugtethsiuse of pliysical
traffic signal turned red, and the canera

grohﬁqc? ;t,e %%?ége\gﬂtgﬁghe}g)gg tcs;}lfgétldeég ahe |ph‘é%eﬁ7<fe dffaeat BCHhe REximEy
of a loop at an improper time in relation to traffic lights or other controls will signal
the occurrence of a potential traffic violation.

The images captured by the intersection camera system still cameras 120
typically include at least one image of the vehicle committing the violation (i.e.,
running the red light), as well as images of the vehicle license plate and driver’s face
to provide car and driver identification information. The license plate and driver’s
face images are transmitted from the primary image file server to the verification

module 138. Based on the vehicle license plate information, the details of the vehicle

and its owner are then accessed at an appropriate motor vehicles department 108, and
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the still imge data. The captured data is assigned a
“digital signature', encrypted, and then 25

woec@aamort ed fromthe digital camera system 10PCT/0S100€018375

central processor 132 in the data 16 WO 2004/111971
PCT/ US2004/ 018375 pr.ocessi ng S){St em 104. Al four,
trangpified taelatapasesior denswive thandillpitied iages: detdho dip of

"stanmped” on them |In one enbodinment, this "stanped
the violatiomt dlencapiwedpuidee dameranl 22 aile Wdeo ddtais thppassegated
at the top of inmages seen at verification process 138
withahe téreespahding pildieswidag: oy 3ieezf1‘lh%By4the Ratorities. t Maisfadlotws
shots is individually identifiable as being of 5 a

the aﬁﬁé&ﬂt %P B&h thaY Rere 1!11réi‘=1 to bé%‘é‘ 2atBd afl B Bred BIR rédiRbd from
and plate shot. |gure 1 represents a Notice to

S L e
ML A S e

i nvention. As can be seen in F| gure 11, the four
resopfionstilamages ncl ude the driver's face shot, the
license 10 plate shot, and the scene A and scene B
s hdths .incident detaposid ¢ompreasdd pnagts storashinghe ddisbased3é ene
to Appear illustrated in Figure 11 will be described

nextl AnOloaBE GialAe bRitanbemowule 170 Onbé tHespalilyRsigancmedul@las
be controlled renotely to facilitate system analysis

che&léﬁ?l]ﬁém@i@gnttd%té RKScduBR kaﬁ@ HtSerithOthe RS MPRSLieS. 2

og of captured test shots are ecorded. Test shots

can be eated a 0 t
imsfJoBat 0! e lEARE RO PP S bt B Aot
o b?%e%“;%{%@ g b PR e BiroteRt €156 GRATRRIS cout 110
operating correctly at the tine  a partl cul ar incident
by theadatel prasessins SYlSWél%l tThetnetige prst wcidgnt deggilstapealstai n of
evi dence, which is used to provide evidence of the
transraited &eonh theataiabasentd 6do theamdtticy prifitieg imotieledd2 oif tre dagarer a
systens are interconnected at the detection site to

o8 i AT Aoty o s g
by t@ﬁgétwmcfeés%éjsﬁ{eﬁ’ {6 F ol P cAEshERRnCA R £DakiREE -
reminder letters, may be sent to the alleged offender from the court 110. The alleged
offender may then submit payment or make a court appearance to satisfy the notice.
A notice of the disposition of the violation is then sent from the co'uﬂ 110 to the data
processing system 104 and stored in the database 136. This completes the data
processing loop for a typical violation, according to one embodiment of the present
invention.

The structure and operation of the sub-components of each of the main

components of traffic violation processing system 100 will be described in greater

details in the description that follows.
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enforcenent canera that is equipped/interfaced with
the vehicle tracking technology is positioned to
webdogatiovel y record both scene inmages as wel |l BST/AURE04/018375
license plate area shot. A supplenent canmera can be
p03|t|oned to |nage the offending vehicle driver. 25
Inte a ocessi ng systens are interconnected
usi ng standard | ocal area 17 WD 2004/111971
PCH typabd artfot@8iest applicatnmkofttypdigtali camerarétrenpanest H2 of
system 102 can al so be configured to send secure
syste@roopiretly aidaeif denligliadtRnribtdcivgeFonthdy 4pplicaidn] tetstip
data processing system 104 over a conputer network

cakld\BtcafilF} 129 oFRSRER DA D BRARAIH iy pcAH barl C

ustrates the deploynment of an intersection canera

[
1nter°'s¥rr§§ gl ?rﬁf?)]g‘ g?(?]fgcgfdslﬁ&%&gs of %@%%hﬂ%eéﬁn ON&d! 11§ht \ghen

e presen I nven

ces circuit ar ou . 174 that .
o veBicTE B felsed Sphiogciynd o %ﬁﬁﬁ%ﬁ{lm&wﬁ%ﬂ&wi@eﬁm@&s
the nonitored | ocati on typically adjacent to a
speqdrigealewlatedg Af the ebiclsgs defpeied enterangibie dmferssetiPneainsi the
of the canmera systemis selected to allow a sufficient
traffi¢ sigohlpdn enidentizBPinwfge sttds captiredr €tle bomadf the imAgsdwming
detector 172 placed in the 10 roadway detects the

captufgdl idahc fl&2aNERaiIl redBRIAITE MfeRbd o asein ‘@lctdeh?Owhichtnhg be
nonitored | ocation. This is used to trigger the

deﬁ‘f’lé’(f%I @ﬁot&ﬁlaq BPHIE IR Bﬁé %Bélﬁﬂl'eﬁt ofeiHé AREGH uﬁfenﬁ&? the

fense. I n one enbo I ment, housi ng hol ds three
evi egﬁéry gtlc?)gxglg,geo% é" élhé Fﬁrﬁgg %ﬁmﬁége{c%ﬂhgfoﬁ er \é: neeo
ten1ca I|t|es dlfferent
Shotcgnwﬁéﬁ 51 GHE S yf He iplepgetion P 19 %faesmeﬁentaﬁhlgbvé?%ﬂng
still and/or video caneras housed at single or o
the gfpp ting;pgerarhobBawhishds a sgepe plapt o ghe inteageraen when the incident
sufficiently high-resolution video canmera is utilized,

vehirlesiis wegneto havel Eled aorebeay thairaffie sigml) ffontahfadei zobmbshbhthat
video and still inages can be extracted. Portions of

atte & 16 adchtiBy HeQBRENEr tBY SicRIdndGhidlé; dAgtar 1ideRsh plite Zb&MIsBot
may be housed within the body 174. For exanple a

that%%ﬁ]\i{ggé |1%/0|?%% aﬂpelr\%gié?egﬁtl lﬁe{grd!géé’élﬁgg @1d nt%@r e 3e1ﬂ@1¥ In
one em odm&’en:tl tﬁe still images captured by the digital camera system 120 are in
TIFF or JPEG format, although other digital formats are also possible.

In relation to a potential violation, there are a number of details recorded for
each image. These include, the date and time of the incident, the location of the
incident, the lapsed time since the traffic signal turned red, and the camera
identification. A short video clip of the incident is also recorded and associated with
the still image data.

The captured data is assigned a ‘digital signature’, encrypted, and then

transmitted from the digital camera system 102 to the central processor 132 in the data
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Al ternatively, housing 174 may be configured to hold
only the caneras 176 and 178. In this case, hardw re,
wowneehie®sy or tel ephonic network connections CROT/D82004/018375
used to couple the caneras to the central processor
ot her conponents of the data  processing system
PfO?&f&mg‘Fﬁﬁt%msl;QgP &l tounshots when transenitted have dpsdr meideniylpgailsg
at the 25 location or at a renote | ocation sone
“stapipad: oo éhdnp.on erecerpimdiment etiiis “staatped mnform@ion is embodied in a
2004/ 111971 PCT/ US2004/018375 Still Canera System In
databartRiteppeds enthe chpatiagés sebreatpregigiemion proestt i198 of thaelata
traffic violation processing system 100 utilizes

pro@ésgin"g%klst&ﬁ%ﬂa Ha6te bk 6 shots it RRisithdlly e e a]sz&m% of
Such"a’digital canmera systemtargets SpeCI fic areas

a pisfbaeShe, W‘FHEC&S\S/%ﬁS{Cag 8 Q"ﬁiés%*%h%d?la?%fg?g %%éﬂ i {dighs
a NoPE Aty Phinf Bkt s Po P REpRic ek P e oo

are tured at ,the sane nonent in tine. )
rep@ﬁ@gg@fg@%rmnéaataépmédqd@w)le FaPaQyR SYStEN aRe Hals PERGesHes
used for the digital still caneras. These typically
systepof I gursdatt, iaa¢ordimg tol pnaembodimsai aftthopresdra inviestien uAs can
to 10 or better than 35mm cel | ul oi d-based film In

be $R8 in Rig@feSHG theoout plidd @apheihelidel e drigter’ s Gk eiadt] Be license
mul ti-el enent digital camera system desi gned

pla&%ﬁﬁt‘ Eﬂx@ﬁilelsbferfe% ahd 8deht B $BiOTRE VB oél LePbroR Idnsbf the
used. This camera systemis specifl desi gne
NoRS %}g,emﬁug %éécgﬁl(ﬁglﬁe%]%g:?gsd%c%b'eg B %]%ggai%g{a SR

t he requi renents of offense osecut.ability

wheF B FsSeetOF HRnBEs Ty R Coutitled ramofoboRdarliBts stk

Is_an inmage acquisition device capable of converting
analysirheeliseangyo takpitest sieptyr Fordest diagaestics.antoa of eateret t¢sh slots

an electrical charge that is directly proportional to
aretrévordedt diestrehotsioghtble srehtet ensorimal aiihexpotted ity theatatqpraedssing

can then be sanpled and converted into the digital
sysEbaiTRir Msertidd iffoGhé ahtaliisy @t with SRy’ GRofsS Should it become
necessary to prove to a court that a camera system was operating correctly at the time
a particular incident was detected, the test shots form part of the chain of evidence,
which is used to provide evidence of the cameras functioning correctly.

The intersection camera systems are interconnected at the detection site to
provide the required camera and flash coordination. Each camera is strategically
located to provide the optimum field of view for the desired captured image. The
enforcement camera that is equipped/interfaced with the vehicle tracking technology
is positioned to effectively record both scene images as well as the license plate area

shot. A supplement camera can be positioned to image the offending vehicle driver.

The camera and processing systems are interconnected using standard local area
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20 cached and transferred to RAM (Random Access
Menory) in a host conputer system in bursts via a

wo omaliivas where further processing and final BCDUSZE4/018375

occurs. The fundamental imaging requirenment for

hgr%fec%tability of an inage is clear identification
netyprk; iRolegies nEe cagiare Bxsksan AdRicancrlsn be eanfighisd tefendwscure
of fending vehicle. In a nmultiple canera system each
(en¢riypigiHigeidreirdain anthimagd infeyration do iheatitaprdedssing ggsted 1029
WO 2004/ 111971 PCT/ US2004/ 018375 concurrently to
oveeasomputat hetwark lines sudhrmgesdeaDirdeleRpRoridlhesame event

that is the exact time base. Figure 3Aillustrates a
mul tiiiled CollQEEAS tRERAIBLBER lah He BRI ambst §MchPlt an
use In still cameras 120, according to one enbodi nent

: - : LV ' tem 3 i

imtfiect I oBSGTRR o b SO e RSP YRS ERE Bl P am
conprising a prinmar) nd two secondar

pro&ie site e ArdHiou e e Bogu 72 458 s bie e Reln ob et pigport
incomng light into electronic charge. The charge is

strucfigs | e %WB%FPY%IO%%RI@ tyrieallytadiasentde a traffic lighir slep
a serial stream of charge data, simlar to a bucket

sigrr Thyahiaght Bod pesiiner of thy streena39@emiisrsdectetbioal bwonsufficient
primary CCD 10 302 is processed through an ADC (Anal og

fieldl of {Hewi 182lof Gaeemnitared laRERGESA 16dpictédtorN7Qdleed tH Biet al
data streans 310. The inmage data fromthe two

roafﬁﬁpﬂ@&?y thEHRbrop @ HEa&cs BP0 8 rv@hi@ﬁclgf%{t g}%g ssed

hrough respective ADC processes 312 and

[ : 14 pl r..316 10 nroduce digital data
molfHiltokich, i 5 R B RLrighB OB Bt B Bile, o
.system 30Q.is next descr,ibed. For .1 ch canera, fhe
evidehts i aTTeiams e BROIimeR e TusiBE hof gg srbRe distl
_lines containjng several pixels. As light enters the
stillgjamierasrd 76 and p singleagéeoseairdra g7%r Bepenfiingaipos implemsntatign e
generated and col |l ected inside photosensitive
congtreiete tand kystamh bapabiltties, diffedent ganodfra tdidignhaioge magbeaséd duch
in each pixel is a linear function of the incident
as onb @R beverdD ehill BiRl/E) 083/ ELndradBouséd MSinBX PGk Butet N6cations

charge packets are transferred fromthe
around the location. If a sufficiently high-resolution video camera is utilized, a single
video camera may be used from which both video and still images can be extracted.

Portions of the data processing system 104 illustrated in Figure 1A may be

housed within the body 174. For example a computer that includes central processor
132 may be closely coupled to the cameras 176 and 178 within housing 174.
Alternatively, housing 174 may be configured to hold only the cameras 176 and 178.
In this case, hardwire, wireless, or telephonic network connections can be used to
couple the cameras to the central processor and other components of the data

processing system 104. This system can be provided in a separate housing at the

location or at a remote location some distance from the monitored location.
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20 image area to the serial register at the rate of
one |ine per clock pulse. Once an image |ine has been
woe@adiwrred into the serial register, the serpP@l/US2004/018375
regi ster gate can be clocked wuntil all of the charge
) packetg are noved out of the serial register through a
Still { amega System anplification stage produci ng an anal og
signal. This signal is sanpled with high- speed ADC
de v e peefervedumishdiment ofithy pragent invgation? thewmfopinlatipng71
PCT/ US2004/ 018375 Col or sensing is achi eved by
processiig@isteng1 @0 willdepdigitaladaaterd iebhelogy fob tHIGH(cRadras 120.
Green, Blue) organization on top of the inmge sensing

Sucl®h Qitall néth SRS tRESRs FIRFIcHREA of Mtb@EEHith 8 sydkén consisting
sensing elenments, and the signal charged columms can

Nt Huri ] .
of sl bpbyfe ffinir 1he M bRl TR0 el AEne Bl
t o, each i ndivi dual, cal.or. Each red, .qgree nd_bl ue
of respIKEP PYSHH ¥ Hacedss MufeRote Bksyrishars B PRSP

~analogue to digital converter capable of high
imagesipt Faniured pithe sape moment WEiB®-gi t al  dommi n, the pi xel
charge is held in cache as it waits for a data )
t r &imfeerCoiplabievtice (((Cpieagingélempite cirybe wegd Horsthe digital
. conputer systemfor transfer into host RAM 10 In one
still e Biedk MEREseQfpitdlE prowide spatiahmehdymamic tdielutiomgmt dagaalite
transferred from the CCDs 302, 304, and 306 to the
or bBRGhaY $rfei! c%%sé@ﬁﬁ%zgl tﬁ%l}tél%’%ﬂ(ﬁ%fr@fa sySRIPIZS At

nterconnect) i1 nterface many present conputer

syst e . ) ;
scalpffe Flbselemien e REE O SR SHRbg L RLEPER ke
processors. .The original PCl architecture inplenments a
enfiioaen. SRR SR h i cers SR P ey desjged t
accordance with standard PCl usage, in camera system
add@sothedesinyef iEWEr BOIUHORBAMILIANER 4nd HAgIag 1tss (bes frame
occurs through a nechani smof burst transfers. A
per batoad) towardsftee speciabiegtisernénts hoffgtsa brdasstwiahilityofhese thes
master (an VO cycle - in order for the initiator of
ima%&efoaﬁ&mpﬁ,ﬁa@tgvmeﬁcmster status on the bus) and the

us slave (target)

A CCD is an image acquisition device capable of converting light energy
emitted or reflected from an object into an electrical charge that is directly
proportional to the entering light’s intensity. This charge or pixel can then be
sampled and converted into the digital domain. The digital pixel information is
cached and transferred to RAM (Random Access Memory) in a host computer system
in bursts via a local bus where further processing and final storage occurs.

The fundamental imaging requirement for prosecutability of an image is clear

identification of the offense committed and identification of the offending vehicle. In

a multiple camera system, each imaging element must be synchronized and triggered
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20 relationship. The Iength of the burst is negotiated
at the beginning of the transfer, and may be of any
wo eovgttino7At bur st conpl etion, the receiving enBCT/US2004/018375
(target) term nates the comunication after the
olleterm ned anount of information has Gg
conqug@@t Y Eyensurgpll caphisedima geneqreslatg dhg wanecsysnicBabis heexag
~on the bus at a tine. Qher devices cannot interrupt
timethage.bur st process because they do not have naster
status. 21 WD 2004/111971 PCT/ US2004/ 018375 The
I nFegrra8 AdiugafatdsiiemGiiible dieigém C IR wtesedioh@ainksa sysem for
the final processing conputer systemshort cuts the

use Inr Al dahRAA! 120! RCBREnSlo 1R RIboL RSk thHe%JreéeHﬁﬁ%ntlon
hr ough V|deo based caner as, convertlng t he conp03|te

Cmf’eﬁéa%?%%?@@ i eyl o R U6 .nage
combﬁ%zﬁata%%mha???ﬁ% SRS WP EED aPGapd . FROEE

anal og-digital conversjon in these systens, |imt .
02430 AT suerent e inepmingdient into epgtemieehange. pthesdates is
Furt hernore, video based caneras are typically limted
theni movedgbwiugh ian analng sldfiregister togmgede Byeratistrean o6 thargodata,
is an inportant characteristic of the canera system

simi¥}Qo a bhbkdDprighdeC Fog Saheraisgsterd SO0 N@sage latastioie pitnagaCOD
pi xel data once converted into digital form The

302 4B 4:0R P hiugh 9L A hAIBE® Dightal D8n (31688308 to

ity to represent very and | arge |1 ght

proqﬂgg A28l Jerh ?%%éﬁ%ﬁ% Tl ERE dud Frof e WS s B0BBRY D
B the sa I|n ADC IS
améseﬁ%B‘* ER0€ stoth ertpeStirangt rrpechin AP ek 312 and
ynam c resol ut| on in enforcement progranms provides
314fa@¢ igput fee PaHiPdenen P 16 Wearoduogidigjtal datp sirearns %&qse pl at es
with retro-reflective conposites. Wen flash
phdthednasip lopeiation s £itheiGCD recanepa syhta B0 isafexhdeghribed. For
quality images, the light energy that is directed

eact eutdralghé UED intpesensiBirea Blcoafisiged fth Botigshtdlamks at a
| evel (result of a high reflection efficiency), that

confathift SHVefal pHRR. ADEoRVtRfe slicBRTh i iBREE EdnfhgadhS, free
electrons are generated and collected inside photosensitive potential wells. The
quality of the charge collected in each pixel is a linear function of the incident light
and the exposure time. After exposure, the charge packets are transferred from the
image area to the serial register at the rate of one line per clock pulse. Once an image
line has been transferred into the serial register, the serial register gate can be clocked
until all of the charge packets are moved out of the serial register through a buffer and
amplification stage producing an analog signal. This signal is sampled with high-

speed ADC devices to produce a digital image.
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20 canera. Consequently an optical burn effect (i.e
over exposure) appears around the area of the |icense
w@b@ua119The ef fect of optical burn, or "plate bOT/NS$2008018375
mnimzed with the utilization of a CCD and ADC
sys mwth ad namc range. capabl sol ving the
sfﬁﬂ??rasmlsmg Ktashisved by bwapating a s&ﬂmcg%@frfglﬁﬁr&fﬂh lﬁ@B Red,
e wll reveal all scene and license plate 25
Gre@nat i) organization gnaep obibo snags seneing afeat Rbe sispes angmprecisely
WO 2004/ 111971 PCT/ US2004/ 018375 The license plate
alighad/torthie $dneingteicmngess tnd tHeaigial ghavgdd cohpesatandle rhlitiplexed
hi ghest | evels and the rest of the imge proportioned

duria§ HRSSaddie int6 Hre®bephitfe RPRELS With thrE ¥&puite oWPsis

conputing systems, "and i ndeed the hunan eye, can only
corf SRRUNE ¢ 3ith 1 lée“’?dﬁ%%,.é@fff A’%?nfﬁd el ‘fﬁe bREEATh e oo
s PRI B F Biegorlfioh R tﬁé@%"i c&p&? SeAPHIEACHED ana

is represented by a 12-bit word. limt the volunge
samgHngEies. ngeim mﬁcmal éﬁmﬁ@pfhwel @bara@ it hedd {n GagheRsibs,

a process of "Hi stogram Slicing" can be used to scale
waitsdona ddie trensferaivindpivie be dzada awvdilable by thmhost dompyted syatern dor

8 bits by selecting only 256 of the avail able 4096
trankfey @ltGhosTRAMO sel ection criteria will ensure that the

visual integrity of the image is ensured but wl|l

al 98 oReEABbaARNE Bﬁth@‘b%s@ﬁthm%ﬁ@ﬁ A8 GRagtUal & M@hsferred from
over exposed areas are in bal ance vvlth the rest of the

the FERAR0Z, SERLh 300, BE BRSTUR K ARl B phrpt

unct’i o 'S a 0 “conp
Corggeh B EPET S UG oot GObEAL HEST RGT DR Poispai L has
function. 15 Figure 4A illustrates a histogram of

becgyng ghe lpepl bys ptendagd forintgrropprcing 6BIPS o PRREAQEDOards, and

accordi ng to one enbodi nent of the present invention,
proeassbri-i Hhe erigialiRClaschitecwse infdemérnts & §gtbitrmultiplexgd addrdsa

with the license plate imge isolated fromthe rest of
andidag busjrages that nmake up the vehicle and background

scene. Details of the digital imaging

In accordance with standard PCI usage, in camera system 300, communication

between devices on the PCI bus occurs through a mechanism of burst transfers. A
burst transfer consists of the establishment of a bus master (an I/O cycle - in order for
the initiator of the burst to attain master status on the bus) and the bus slave (target)
relationship. The length of the burst is negotiated at the beginning of the transfer, and
may be of any length. At burst completion, the receiving end (target) terminates the
communication after the pre-determined amount of information has been received.

Only one bus master device can communicate on the bus at a time. Other devices

cannot interrupt the burst process because they do not have master status.
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process that isolates the license plate inmage are
described in U S. Patent 6,240,217, 20 entitled
wO Diogiti b1 | mage Processing”, which is assi gnedPtDUB1064/018375
assi gnee of the present invention, and which is
her eby incqrporated by reference. The histograns of
Fi gueddegraponpitha 6GIP imagipg devieqdiracHy dpfgitig ggal drocessing
i ndividual pixels in a traffic violation inage on a
compiifee Fystid® skeort enty thesraditionakprecdsy ofl Gaptiaiigsdigital images through
illustrated in Figure 4A individual pixel conponents
viddoWaséd@nler e omteftingtthe adrBpsdie\whalag sighsliapt £di4d8 image with
agai nst the pixel 25 conponents for the background
the SITCFARR Grabb A 9afOiiBA fAsdrARs ARG edutRhBihni4 0 int R Rt 23
WO 2004/ 111971 PCT/ US2004/ 018375 techni ques, the
‘ ' [ . ' t he.l 0 e
5 com?ﬁe? ot &’tr%g?% é.\r/"gh%oé $n I&%%n@?]tlgy tﬁ%&%ﬁlﬁpdu%.ttg ﬂ'féscﬁglgéf’lj

ere o) e1n € plI Xe

t he,.background 4 as illystrated ip Fi e 4B. In
analp el E@IRIon dbise caems i BeffarhBeofdPErdBadan! e
relative to the background scenery. It should be
enfoseRneent pHResesh & ushermarecidgoghrsedemerahae Appeallydiniged in
ot her. i mages and 5 conponents of inmages, such as to
resobuttvarand dyhanidrangsr ' s face relative to the car. As
stated above, a typical enforcenent application of the
di ghyrami€AREnaon BymlidiPotthhtubradfetistid 6f the 8ath€ra 3Psterd 300,
the area of red-1ight offense detection. The canera

10 Dy fiblufios hefleS MLard ¥ é&lcff‘g&@l &’%ta Bitel dhPEriiGhicgitA

nmoni tor and record incidences of drivers disobeying a

regd. ljight. .l.n.o odi ts [ > MRl Vi
oS ot 0050 SBREL BB OB B PR B s
how n vi.ew qQf th I nt ersect.i on that encon Ses
smaflzad iy gkt tegHity lgyels FRIHBRRI A G T%fp%%%léﬂ Nodaato,
of fendi ng vehicle prior to crossing the violation |ine
SNR ) andiis teprepeniediint Pecibelp édB ohrcardingly srepesplias DG i
sufficient background scene depicting the driving
matcloddb exlobi anequikalent SINR. of t he of fense, The second
image is typically of the sanme field of view but with

15 15 TikepphéLiod oh @yvahic bR 1ERATR eh BldnhPsRen@MBbvidbefor a
violation line in conjunction wwth the red light. The

mechi ggtnq;f?&n?%ﬁé‘{féﬁ@lé SicksepResFith Fud-IRASL e AInpRkRGE

after

When flash photography is used in the reproduction of high quality images, the light

energy that is directed towards the license plate area is reflected back at a level (result

of a high reflection efficiency), that is higher then the average intensity entering the
20  camera. Consequently an optical burn effect (i.e. over exposure) appears around the

area of the license plate.

The effect of optical burn, or “plate burn” is minimized with the utilization of
a CCD and ADC system with a dynamic range capable of resolving the resultant
intensity spectrum. A histogram of the image will reveal all scene and license plate

25  details residing at opposing ends of the spectrum.
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i ntersection. Al though the overall resolution for this
image is not critical, sufficient detail nust exist

wo ooasnive features of the intersecti on as wePCT/aS2004/018375

traffic signal active 20 phase. However, in order to

identify the offending vehicle the |jicense at e

d etTémhgenSgrpiat? Ia%%l%rh@tsrreﬁ%ﬁst Tfs Yl wpq%éﬁhﬁélghest

| egi ble. For 35mmwet film caneras the effective
levetyrmdith¢ reseefche tmage prepnrtipredmgrash éheorested thsfspggyumy 2048

pi xel s. Even then the license plate details only
Howespr, ais@ntorbpyiigagsitmef andindded ttid humnarbere, ofn qilx edselve P36

architecture of the digital camera system 300 all ows

levelsQor B8EB SYKR) BNRAkkRsity. 51"?@@51@5&19& Cefluiid £iinPbL1008BYR is
el ements acquiring specitfic area of interest all at

confilied BT O S M TR e range can
L magy elepent will.enconpass,.the | et e
reso:lvrﬁ@gg%‘feh 8ﬂll,atqnﬁ%g' ?]?dalisfr?pcfg%flgeﬁ£y %]e%@%ré'he noni t or ed
approach and the _offendjng vehicle relative position.
Thel oslémy warmyefumeafdsig avd migrmatiop kgptfer gddentiagy Pytpasss.
the license plate area of the offending vehicle. 5 To
proeessof ‘Glistpgrinr Shdisgh dothessed wesshlesiownithe prargll pixel data size
el ements the timng generators for each CCD is reset
frons 11 Pith downtsS Yitabylseltaimgealybdsofiha gialableuliibé levelsi Jihiee
3B illustrates the canmera system 200 of Figure 3A in
selcERGH SHiehih M Whsult Bat BY Ofétiélqmégﬁtgidffih@ﬁna%@ 4§ &Rurddesuld wa
the three CCDs 302, 304, and 306 have their output
S . C F :
atsog o Y G ARl S BRGNS potcllhs SR Al ke with
circuits are driv by como | ock 340 and . resget .
the Sttt st 100anY TS MU i £ BB RR R ¢ o
and di scharge the inmage sinultaneously with the other
adagto inagre® compensiinor ambimt apdexppgeR conditiens ﬁfat i on
of the CCDs is that a single flash can be triggered
transliatibn fdrepeisanidtediticreyposid be patappied oblpokin) fitheiio@CDs .
In many circunstances, the vehicle detection system
us el ghrd AABlubFAEKd Higtoghgh offixtlderhsifiect b mta@tection image,
of fendi ng vehi cl es can provide actual vehicle position
i i B if tes th
s Sk ol S B HGhbApa e b

ction to tighten tThe fie

histogram of Figure 4A with the license plate image isolated from the rest of the
images that make up the vehicle and background scene. Details of the digital imaging
process that isolates the license plate image are described in U.S. Patent 6,240,217,
entitled “Digital Image Processing”, which is assigned to the assignee of the present
invention, and which is hereby incorporated by reference. The histograms of Figures
4A and 4B illustrate the intensities of individual pixels in a traffic violation image on
a pixel 402 axis versus intensity 404 axis. As illustrated in Figure 4A individual pixel
components for the license plate are shown as elements 408 against the pixel

components for the background scene 406. Using compression and isolation imaging
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view of the secondary imagi ng el enents, thus all ow ng
a sharper and larger license plate area imge. For

wezamnli®7in a two-1ane intersection or road  PCT/US2004/018375

envi ronnent, one of the secondary el enents can be
used to inmage one | ane and another used to inage the
techpigueg, sy infenisy ofithe pixglsdat tigdicensemiate 485 areabiered Telaliye to
two secondary cameras can share the sane data path as
the ipfenbidy foprles pizele farthe hackgtduad 406 ds idwdtsataden FimgedB. [Imthis
many circunstances nore than one canera system
manfer) derlpensd plag it irdheste readubbittetitive itori@ibagk ebaitbsttsery. It
and enforcenent |ogic) may require suppl enental

shofl@ BE h8ted Yedt $hBsahnf tQé}ﬁYdlﬁ%oﬁﬂddetéEgH@d toWBth&hag&Pndel
fields of view of the offense. One such requirenent

conp o AEee SR S sehehfa B ARB Mol SOy Sedbb bR P

primar tection.canera is jinmaging the of.fendin
DeHicidied Fteyn il GuoRemeu AP gt tediefa caitira
i ntersection, In such cases it is inpossible to
systera Allesiratede Figige B Adslirf the prea of reg-light odisnsa datestion. The
addi tion of a supplenental canera system In one
camerasysiemeis stratb gichily plaesieat tn intersertionrio nwingtor artvuteatd
conputer and network 5 technol ogies, such as DCOM

inciddaced 6 &iﬂe@ﬁdl%é@ﬁ{% ted Ghte dh olvb emibedindne thdyerim
equi val ent CORBA ( mmgg()oj ect Request Broihg? i

evidé{l] i8Sl i€) setrewd ggé@ge Thé Hrst Madd Golhid 4 H@Wfof the

t
rcement system 1 o0 provide a nmechani smo

.. sean I maqi I (o nt. This all for
imof AR DB e s SRR P b P TR B iR
el ements, while still preservin he single .
offepipg velilerric awﬁwoaSl%s/@l@éf@mblﬂ%g@ma%fy\ﬂgw@ae ngmuchasa
System For the systemillustrated in Figure |A the
crosstivadip)sad s flivi e baekerapndiseencidypicting shadteang cardgeans at the
canera system 122. As shown in Figure 1 C, this canera
timecafithd effenses iTihglsecoid gmhgd isypdexdlyodivee sanmenfieitl efl vislvong with
with the still caneras at a particular |ocation that

the PENGIEEFehic1s bbithip Rte®Pérokded @ vex ths vMtidnQireh coMRhdtRdhasth
intersection or 15 location. In an alternative

thex%ﬁti&ﬂ'{,”em’ the video canmera may be an array of two or

The main area of interest is the vehicle position before and after the
intersection. Although the overall resolution for this image is not critical, sufficient
detail must exist to resolve features of the intersection as well as traffic signal active
phase. However, in order to identify the offending vehicle the license plate details
and jurisdictional information must be legible. For 35mm wet film cameras the
effective spatial resolution must be on the order of 3072 x 2048 pixels. Even then the
license plate details only represent 5 percent of the total number of pixels.

The architecture of the digital camera system 300 allows for the synchronous

operation of multiple image elements acquiring specific area of interest all at the same
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nore video caneras each providing a distinct field of
view of the nonitored |location. The resulting videos

wa@ 2004t each be provi ded separately to the dBCBEUS2004/018375
processing system 104, or can be conbined to forma

. conposite video image. Figure 14 is a block diagram

interviehef time.u'Ehe Aeld o virav aiiha PEBMPOWAInS Jemontyul epgompass
camera system 122. In system 1400, video canera 1402

the ¢canpetdiigfetsadtion], thedraffcreigaal thead of the atnitesdwipgrack andthien
PAL, NTSC or other format, which can then be processed

offch@ing RERIBIRGElatiVE PTG ThekRGoridarCiMAiRSEelehtd Eah baigded a5
I\/PEé VPER2, Qu?ckti me, AVI, or simlar formats. In

ima @ﬁe%@&@kﬁ’%ﬁﬁrea%ﬁw}’df%@in a/fRick, shoots non-stop video

oot age 0 eflfocatl on. The digital video data is
t [ er 1404 ' .
ot o ) S el SRl M e
I Ci 26 WO 2004/ 111971 .
seniespr 3o 66y GEB 7 st mplianetusly p Cogheddhy 4 sinelsisawte

f oot age shot by the canera. A detection system 1406 is
Figure 3Bl iBustragestthecameta sysemepa of Bigpre 34 nceputncsionyvithes  an
offense, a tinmer 1408 is started. The tinmer is
synghrompua tineidg teurs¢. oPachfdfelie thrqer@dRs 30211304 darleiliodave their
time. At the end of the tiner period a clip or

outpuft SERSIE 8Ynchednitdiero Rebpbiveaihing BtSerhtdr tindieR 389, 3320e8d 534.
clip recorder 1410. The video clip recorder takes the

Thetd : 'I g g‘énlééfrgtto{] Eafifed: %%fvénl'bg/ Brish cl6AN B Pad@esdt @F%n%fs 382,

pe e tiner us period of tinme prior
det ecti.on o of fense. The buffer. and vj [ oI
Thetgafi e e G B fREmaitiEonstte SRRl bGP wie
pl us nmonents i nredi ately before and after the offense,
the piagECCPrPaGtaRsr Qs A BT o mBsRaA perion o DS 1 tha
prior and six seconds after an offense is detected,
a single flasif damrbeltt ggered witb| thisreatltant exposurgapessdestlro#lb e §4CDs.
footage in nmenory. Wien an offense is detected, the

sy shemnstearctimsansdsxtheaehiokd detavton systerh heedeindhofrackivigednd
it takes a video clip of the current buffer contents

ideRTbaB iP5 L TdrdineOvehidd& dah Pride AVRIAD K ¥hicRWobitida iMBfrHlation
drive 1412. This storage (hard drive) can also b
C

e
su #%?ﬁjlett@w?ltl%ee séélégééﬁd &ikeciigl?%ﬁh%fan LG tfoqgﬁgeal tvﬁvlg ?Eld of

e resul'ting 0 record can be i ncorpor

Viexgv %? fhe Seton tmtyalgfaalging elements, thus allowing a sharper and larger license

plate area image. For example in a two-lane intersection or road environment, one of
the secondary elements can be used to image one lane and another used to image the
other lane. The advantage of this system is that two secondary cameras can share the
same data path as either one lane or the other will only be imaged.

In many circumstances more than one camera system (incorporating the host
computer, imaging elements and enforcement logic) may require supplemental
camera systems to provide additional or more optimal fields of view of the offense.

One such requirement is the acquisition of the offending vehicle driver’s image where
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15 evi dence set provided by the still caneras. Figure
15 is a flowhart illustrating the steps of capturing

wa2added7cl ip of a detected of fense, accordi nBECT/OSINE018375

enbodi nent of the present invention. In step 1502,

the video camera 1402 records. a _non-stop | oop.of vjdeo
the pifmenydefrstipn ermmera iviaagnsihe offpnding vefaele diprybehind as it

buffered in buffer 1404, step 1504. The detection
approgeltes thelin@esepionl elnesurk cases itas nppssibledn gehiew thp radied

The detection of an offense triggers a tiner 1408 to
fielGoRwiew resultmgde thgoRiditioh offa supplemesfabganidrd Systdht er t he

timer period, the tinmer stops, step 1510. Instep

1537 oné BBbYAiARAL & the pfeB&R iRhtidA HistGRRbV EQRp@BLarl deBfork
fromthe buffer a video clip running froma set tine

; t 3 i j,ad.
tectifploBles 13ch 3 DECNIUpRtflud Lot obiEe Mdtele) BES 12
hard i 412, and.associ ated.25, wi,th the stil
cqu et COREA A hiinnE LI RLREELE RN A Rt 5 tplemened
2004/111971 PCT/US2004/018375 As illustrated in |
by thy Gile enfpreqmnt gysies 1R sopravidg agyechamismypisegpleat ipging
detection system 1406 for detecting the occurrence of
clenzent pitfchinenisi dhist dlloms fohibe défeeiteiinereasgsn dra numirs ofasaging
can consi st of a physical loop or trip-wre enbedded
elenhéntd, Mdile @Al psadedvrgathe eingléehéiterhditt chmpragstempdesiegy e
of a vehicle. In one enbodi nent, the detection system

Vidéo ERBLAs@REe or nore inductive |oops installed in one
or nore ranes of the road surface of the nonitored

|5y RSB0 e 10 NSl OO0 0002

sensors or

i QSRR PREA P FDE BT dor I EPL e

_ pair of inductive Ioop sensors is enployed or wiere a

singdg digitdl viidrauremerempbrigd glons svith the piil eaporadd anartiesd a
10 pair of piezo sensors, a second inductive | oop

locasien slmat pravivkes ‘aseffonchda lipe bbsight, to theeymerisared fitereentionyed
following the first. Figures 16A illustrates a

locatieh e il arDaltedifive Ribdtitgend, thé Nidbe carneld eldyvie: dna@fay of two or
installed in the road surface. Figure 16B illustrates

mor@ vitRb 8GinkRE eSHSHBiduR £@isfi¥® field of view of the monitored location.

The resulting videos can then each be provided separately to the data processing
system 104, or can be combined to form a composite video image.

Figure 14 is a block diagram that illustrates the main components of video
camera system 122. In system 1400, video camera 1402 is a digital video camera that
produces video data in PAL, NTSC or other format, which can then be processed to
produce streaming video in compressed form such as MPEG, MPEG?2, Quicktime,
AVT, or similar formats. In one embodiment, the video camera shoots non-stop video
footage of the location. The digital video data is stored in a buffer 1404, which can be

any type of memory (e.g., RAM, RAM-disk, tape, and so on) that is sufficient to hold
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i nductive loops installed in the road surface. Figure

16C illustrates a detection system 15 using an
WO p@daiiove | oop i nterposed between two pi ezo SPET/PS2004/018375
installed in the road surface. Figure 16D illustrates

a detection systen1u3|n an i nductive | oop. interposed .
at legapostion Hdhpridse fcsq’@ge;ﬁgom fhe gAMEEd 4 ffReion; sysige 1406 is
| oop installed in the road surface. For the single
coupleditecthe visleb saperddidé2t bipos ysteetion ¢f msiffease @ timerAidg8iie
16A, the 20 vehicle 1602 is detected by detecting a
startethalpetimer Fagoghinmellite bdp ariotapretifterninedi péniodeof tird@PALt the
sensor 1604. The onset of the change in magnetic field

end bf 112 in®r pehI&d b BEY 6 “MBpshbPUT tﬁ@ﬂ@@éﬂcoﬁﬂ%ﬂ!ﬁﬁaﬁ% by%ideo
posi tion of the front 'of the vehicle over the

clip L QENES % ﬁ?'i 'gl?ééwflgcg%ﬁ)? ecorﬁgletaf(&l tt‘l% Wi 68 PB?% opdetd(})?t e VldeO

magne ange en

| 0Q ns indi.cates the rear of.the ve eav
campi3dBy (Hedieesiof oL i Ejertalcs fractind Gt e o R Ggton of 59
sensor. \Were the magnetic field change (rise of the
offensee (e yéfer @esbwdgsclmesz@@av ae P@qthtom@;qwdsg obp pHthg Dfksnse
sensor) is detected and does not return to nornma
pluswnoments mmediatpbyr badoreahd wfteethe bffense. Thes,anwrdeedo cdieh, for
the vehicl e has stopped over the inductive |oop
exarBPRSEK seddyidkprioviang sk seebidslagtehasoSémp iedbtedidts thechiiftdr e
detection systemhas the ability to reject vehicles

1404 R&lds GOIREst HReldd §ééeﬁd§5fq9§ta§é i Iﬁgm&ép FWilérpEn foe&@ is

|ntersect|on T ese 5 "false trigger for red I'ight
t ed.
derc S By R SR IRE el s Eﬁé%‘sﬁoigf‘?ﬁl Plt“fr%%es iy
roces e 16B il.lustrates a
of g 2R i soHEME e Rtrsct oo eratpy TG eiends b dsivg
surface. Where a pair of inductive |oop sensors is
141 s'EHis stoege(brdairize) gamomsa ke wped éxsters the stilbireases afthe
change in magnetic field around both inductive | oop
offefi€e. SBnsaths reb6Bihigamitbo 16€1GA cdinke tieewpbradéd whik tiehmngentiomal
magnetic field for the first inductive |oop sensor

evideRE¥set pbividRE ®F thdQilP@sidraon of the front of the
vehi cle over the inductive |oop sensor and the return

L0 Fififte 1 5iid 4 AbwiBAAhitfarfb $hests IriepEHAR 9ideBUib LS

detected offense, according to one embodiment of the present invention. In step 1502,
the video camera 1402 records a non-stop loop of video of the monitored location.
This video data is buffered in buffer 1404, step 1504. The detection system 1406
detects a traffic offense, step 1506. The detection of an offense triggers a timer 1408
to start for a set period of time, step 1508. After the timer period, the timer stops, step
1510. Instep 1512, the video clip recorder 1410 captures and clips from the buffer a
video clip running from a set time prior to the offense to the end of the timer period.
The video clip is then stored in a memory, such as hard drive 1412, and associated

with the still camera data of the offense, step 1514.
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the rear of the vehicle leaving the imediate vicintiy
of the first inductive |oop sensor. The onset of the
wa@baagelorn magnetic field for the second i nducecmesiooopis37s
sensor 15 1606 indicates the position of the front of
the vehicle and the return to the initial magnetic .
f i dysdlipstratedeindiagig d4; thevidae eecording pystom Froornosatoeh letpetion
| eaving the imediate vicinity of the second
systemd 406 faraleteastipg thersourrenBy of akrefficativlatjon. nEhelddtédionsysem
in time between detecting the front or the vehicle

incl@Rs Ran BEKslt bf & physial BRp o0 tripdretmbeddsintthe foatlistiadeyto
t he di stance between the 20 inductive | oop sensors

deteBi 6 ImpRPeSReEAcOS § VoniMENILoR: SBRERehiNielddR ction system
i nductivé l'oop sensors, that is: Vehicle Speed

QUES)
= Di t I T t
L e S LS s U AR e T
calcul ating t di.fference in tine between detectin
stz tabimopforef ocgting. T 1ppaieh b7 AATEIS DEBE S DEgFs2
~and dividing this tine by the distance between
pairiof inseietiveloop 6pnsets s @rsingls ipductiviedoamesagorgnternpsed befverpa
across the two inductive |oop sensors. 5 Further, by
pairodipizzb atisogy inktelled inghdiendeenfaceh dVhérs e pairad fratuctivd loop
ei ther inductive |oop sensor and nultiplying it by

sensofi€is 8RR e for Wherevedih@b erdgtireslobp eerappisdieffdb&] bétwagt &
of the vehicle, that 1s: Approximte Vehicle Length

pair(aoﬁhie?g lgﬁﬁyzng 8 sedyng @ntfu@’ﬁﬁ 10%p §&d%Br, MRS %@%hdaﬂpﬁéop’i, Chdyl 3®

Sj This cal cul ation can be nmade rore

be B RURN BB iR Cal curated Tength, that is: 15

bortigus FEbISaEs arefoFan Spap) bk b OBl BRI AT Pner o

the magnetic field change is detected for one or both
instalteduio the/xead segace. Figure 16B illustrates a detection system using two
inductive loops installed in the road surface. Figure 16C illusirates a detection system
using an inductive loop interposed between two piezo strips installed in the road
surface. Figure 16D illustrates a detection system using an inductive loop interposed
between two piezo strips with an additional inductive loop installed in the road
surface.

For the single inductive loop detector system illustrated in Figure 16A, the
vehicle 1602 is detected by detecting a change in magnetic field around the inductive
loop sensor 1604. The onset of the change in magnetic field (rise of the inductive
loop sensor) indicates the position of the front of the vehicle over the inductive loop
sensor. The return to the initial magnetic field from the change (fall of the inductive
loop sensor) indicates the rear of the vehicle leaving the immediate vicinity of the

f
inductive loop sensor. Where the magnetic field change (rise of the inductive loop
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sensors and does not return to normal within a set
period of tinme it can determned 20 that the vehicle
whas4aiopped over the inductive | oop sensor. FPOQDUS2006M8375
illustrates detection using an inductive | oop 1604
i nt,er,pose tween two piezo strips 1608. ere.a
sensgy ﬁ@ﬁ%@?tﬁ@ o s ebsa shugmal gt & P BSHRd OhpGHsan
two piezo strips the vehicle 1602 is detected as per
deterrhimed thag the vebisbe uststanped ovenfhe mdnetivedeep sanser-i n Fi gur e
16A, i.e., the onset of the change in magnetic field
(r Bydkrofvi2da vl clerhes stoppee, theophstndutection sgiteathes thchability
position of the front of the vehicle and the 30 WO
to ref&R 4 &Hid1b9 ihht E¥ahé Ist5b8 3 e sfo?tlﬁfefbftaﬁ ihtBRedtitnt Iese
magnetic field fromthe change (fall of the inductive

5 “fa%e&gg%%gpﬁ? tdd liglﬁ%‘&ﬁﬁvgéniﬁfbgﬁx%ﬁ%oﬁﬁ otHREwieE :ﬂ%id - beftilled

cl e passes over each piezo sensor
resen I.s detected by.. of an electric signal or

marfleff S0 nt R e osd G aftse@heie ghe through ¢ he
tires presses down on the piezo sensor strips 3608. An
ac Flgue 408 1Hestigtesasysteyfopdeteqiionpemedve 1’%‘%\@@&6 9PYi ven
by calculating the difference in time between )

instzdédén roadguefae eWhereorpairodl indystive iy sensors isheeitlerehicle
sensors and dividing this tinme by the distance

160D & dweenedd yedatesmg aahangedn ghagactidhield ervund dogpmddctivicladp
is: Vehicle Speed (mMS) = Di stance between piezo

10 sensOBNFRESNIMH0d. TRe BRIYEERe Bh%e in AMAgSQRSRIE fdrdhe At f OF
the two-inductive |oop sensor sytem by calculating

indx%cﬁg% %&lto 3 gﬁ’ﬁ%{f) \(f)%&p indﬁ&‘t:es lﬁjl ﬁﬁ{&?l ofg 'ﬁllé fr@ﬂt.o? itl{.){/‘ﬁhﬁcle over the

sensor an 'yli'ng it e speed
. .of. the vehicl i ves approxi mat e.l.engt.h of the ..
iy g s# s Eng R oo e R PR B E P Pmddipdicte
Vehicle speed (mMS) x Tine between | oofp rise .and fall
the yeay ofithe yelugledenving bis iemedists vieigy pbthe tHslindugtiveep
subtracting -the width of the inductive 20 |oop sensor
sengor.ofh¢ beset af thalchangs ih sragnétic fidkd forithe second inductive loop sensor
15 1606 indicates the position of the front of the vehicle and the return to the initial
magnetic field of the change indicates the rear of the vehicle leaving the immediate
vicinity of the second inductive loop sensor.
By calculating the difference in time between detecting the front or the vehicle
each inductive loop sensor and dividing this time by the distance between the

20  inductive loop sensors gives the speed of the vehicle across the two inductive loop

sensors, that is:

Vehicle Speed (m/S) = Distance between loops (m)/Time between loops (S)
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Vehicle Length (m _ [Vehicle speed (mMS) x Tine

between |l oop rise and fall (S)] - Loop width (m 31 WD
wQ@e@4/11if71 PCT/ US2004/ 018375 Usi ng a si ngl ePCT/US2004/018375

i nductive | oop sensor interposed between two piezo

strips _for vehicle detection also provides the ability

to SEUIMILY: e crlawlsbng dre differenceda dima/sitivednedetérting thawear of

el ectric signal or pulse is generated by the wei ght of
theeebivlodt eatteindattivelledssenacs @ad dividihg hipams beies dikfagee

pi ezo sensor. The nunber of pul ses detected between

betisieen mduttie 106p bdiRors PaREE tthe/eb®OPthe Q/Bllfﬁ@{e a@this Eﬁwr?ghliuctive
0 er

of the inductive |oop sensor is egua he nu
loopfseAspkgs the vehicle has, that is: t--loop fall Number
of Vehicle Axles = (Pul ses From Pi ezo sensor) t=loop

ris | e nunber of .ax| es. the vehic|le,
e U R, SRR N i o e ol adaBive
t he vehicle can then be classified by vehicle type
toojdaspar bbb TEna g e snesd of g vebisid svacho pampuEe
classjfication charts or tables, as car, truck, bus,
lengih ofitle wehide thathsis, by knowi ng the vehicle type then
the detection can be nmade to be vehicle type
specific. The vehicle type can be used for determ ning
whet her an authorised vehicle is using a bus |ane or

t r angpioxiayte VERRIV/ESIgH @n) ¥ FRhRA spRESAn/3§ x TIRRDelWen loop
determ ni ng whet her or not a vehicle Is Speeding

accg&g&ﬁg&ﬁ@%jts vehicle type, where trucks cars and

busses have different speed limts. 15 Figure 16D
illustrates a systemfor detection using the piezo
strip - inductive |oop systemof Figure 16C with an
addj tignal inductive |oop. Wiere the vehicle _ _

Thig &%&‘I@P% capdrsmadepre aspuaiedhyctubtractingdhe width of sgnductive
sensors, or an inductive |oop sensor interposed

loop senger fiomibe palewdated danghs thagis: addi ti onal i nductive | oop
sensor 1606 may be added after the first and second
i nductive loops in the case of a pair of inductive

Vehicle Length (m) = [Vehicle speed (m/S) x Time between loop rise and fall (S)] —

Loop width (m)

Where the magnetic field change is detected for one or both inductive loop
sensors and does not return to normal within a set period of time it can determined
that the vehicle has stopped over the inductive loop sensor.

Figure 16C illustrates detection using an inductive loop 1604 interposed
between two piezo strips 1608. Where a single inductive loop sensor is interposed
between two piezo strips the vehicle 1602 is detected as per the single loop detector
system illustrated in Figure 16A, i.e., the onset of the change in magnetic field (rise of

the inductive loop sensor) indicates the position of the front of the vehicle and the
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20 |l oops, or after the first inductive |oop 1604 in
the case of an inductive |oop interposed between two
w@r@za18vri ps 1608, for the purposes of detectPOmyusine4/018375
vehicle at a another .32 WD 2004/111971
PCT/ US2004/ 018375 | ocation or position after the
retufr] toghe iitiad nagpetiqlinla fronrihe chenget(fadlef| the Bdpetis loop sensor)
detection provides the ability determ ne the path of
inditdies the néar lofthafviehicle s the vshickbgtasset over. calinpisze yetsenitray
be to used determne if a vehicle has entered an
preseidesic Aeebic® B%l vRgIfas tleatricadoral ghpulsd geperated dsithe Vshicle’s
stopping at the stop bar. It may also be to used 5

_ . . ( Do ( g
Welgt?g%%ggﬁ :fhr?' t{rﬁsaprgégs'aé gben BRShENERS &dsRirif3l1808 e Al ééﬁuetﬁt%

e intersection.” I n one enbodi ment, t

oS SR B 3051 B BRI iR |
e S QA e i3 5 P S 6

are typically placed at or near_ a crosswal k .
timgbytheglistantebgtvden prazasensers to give thywehigletspegd, Brahiserent

of 10 the sensors depends on the |ayout of the

intersection. As shown in Figure 14, the detection of

vehicle through the intersection or nonitored | ocation
Vetidle SPEed@DSPE DAbtandHREAEH fpﬁézogagﬁgoss @ny/Tifes bt pibat

controls the extraction of a video clip fromthe

' | oop shot by the video caneras 1402. O her
Sen%%ggﬁcal detection systens can be used to provide

detection of the 15 offense. For exanple, a

| i ght - beam based trigger may be used instead of or in

conjunction with the inductive | oop/piezo stri 0
clot AL for by BYUHISE 1A SETGRIY i 07 KHICH 3¢ it pifareen
enbodi ment of the present invention, a virtual |oop
the die¢ ewt il oficitpdrdndistivel 1dop ssafor wad Budtplying Mhirthe sreed 9Ethe
for detection system 1406. In this case, the data '
vehiul® gres theappipsingate ID2thodf the geltide] thatiisic] udes a vi rt ual
| oop detection process 20 139. This process defines a
virtual loop or trigger line in the field of viewthat
is continuously recorded by the video canera. \Wen a

ArERLFE Ve PR () VBl ) e i
anditr;ﬂi(&at or or

This calculation can be made more accurate by subtracting the width of the inductive

loop sensor from the calculated length, that is:

Vehicle Length (m) = [Vehicle speed (m/S) x Time between loop rise and fall (S)] ~

Loop width (m)
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traffic light, the timer 1408 is triggered. Digital
i mage processing techni ques can be used to define the

wo 2ootaaio7l oop and detect the presence of a vehpPCl/@S1004/018375
that area of the 25 video at an inproper tinme or
I mproper speed. 33 WD 2004/111971 PCT/ US2004/ 018375
Fi dugigg 4 finigld ingiidtiat sopaseneir retbiposedieta@eanainioniezoussiisofon
virtual video | oop, according to one enbodi nent of the

vehRIE8&EHion R PrbPiBes thE SbifiAIRAnthe hin@¥E€ofkkles each vehicle
illustrates four separate franmes 1700, 1710, 1720,

has Z\%Oelec%%ggiélgﬁ;aﬁ gafséis atg-gﬂgra{éd?thg.(ﬁe%%{t BYeA o R VELfigSs

canera s area around-an | ntersecti on

cross-wal k 1704 and a 5 traffic. light 1706 ar 1702
ax1G8S e U e AR SEP R D8 QLT B s e Rt e
. Through digital signal processing techniques, a
risoalhIBHUG isoap Susargnd dia Sl Sie ARutieippEsnsitdn augl to
the intersection, such as before the cross-wal k 1704.
the ilmbergdf dxhes thisechidle hérethai st ual | oop 1708, it can be
det em ned whether the car 1702 entered the
intersection at an inproper tine, that is, when the
light 1706 was red. Total coverage of the |oop 1708 10
by the car 1702 when t#ewkight had been red for a
certain period of tine, as showmn in frane 1710 can
CapgentRP oPVERBREALISs BE dD egmifishs PdmiHE fhior) . t he
timer is triggered, as Tllustrated in steps 1506 and
1508 in Figure 15. It should be noted that dependi ng
upon the layout of the_mpnitored |location and the
capabilities of the canera and processi ng systens,
one or nore virtual |oops can be defined_ at various
| ocByiceleslaling ii® nuatber pHaxlesghe Hehieledgs -ani by cplsulgting the
crosswal k 1704). Also shown in Figure 17 is a frane
lenphadeiic detide,dhs példgle damthen bs clabsfiedby veoelt itype avtordangtio
of the frames. As illustrated in Figure IA data
staﬁ}a?&%éﬁi%vﬁﬂ%l&%ﬁi@fk cl&8ifichtidi &1hets dr fabBsiasst, taick 13,

at' is Separate fromthe direct link fromthe canera

andzl %’ S%n&ﬁ%l%t}%éﬁgﬁl@@ﬁg {E}?e' v c?&@ég g}Len éclg@%léteétfoﬁr%ﬁn 8diniak ao be

ys o0 stanp rame of the video
wi.th certai.n L{genti ar _rel ev

Vet P PRALE SR VHIERIBS RS RH” S B e Bihsrae
autl}lcc))r(i:fet(iiv%ﬂfcledilsJ El?ltnlg %rllaug flatnte f(])? trgrils%thxgve?}'/. %lg)ee&e%icqefz t}}ptc] %ar? glrsc’) be
used for determining whether or not a vehicle is speeding according to its vehicle
type, where trucks cars and busses have different speed limits.

Figure 16D illustrates a system for detection using the piezo strip — inductive
loop system of Figure 16C with an additional inductive loop. Where the vehicle
detection uses a pair of inductive inductive loop sensors, or an inductive loop sensor
interposed between two piezo strips, an additional inductive loop sensor 1606 may be
added after the first and second inductive loops in the case of a pair of inductive

loops, or after the first inductive loop 1604 in the case of an inductive loop interposed

between two piezo strips 1608, for the purposes of detecting the vehicle at a another
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direction of travel, and other simlar itens of
information. Use of the video frane information can

w@bkea/1ibw7used to determine certain facts regarBCTyS100€018375

i ncident such as the speed of the vehicle and any
possi bl e accel eration or deceleration through the 25
locdtimmat ipositiob yfiersthe frst dateeti onaiointa Mhetad ditiogali vehietaddt¢otion
For exanple, if the video clip is 34 WO 2004/111971
proViddd A0y Bd83ine tHo/ kY 6f thE GCENER aerthe Rt dehRtivh.deo

canera shoots 28 franes per second, the resulting

Bt S0, g £SERE spe

(ersection
seconds’ apa own 00 ‘Was

shot at..ti 12:59:000,. fr 710 af 12:59: 060, frane
sgainpbredtn) Sargipfy Stophing A0S stohors arialse bl veed on
Thiis tinme information can then be 5 used to determ ne
deterpisuil gryghigtechas spisredom iptsrseelin andstenped gy thedntsepertitinn
di stances for the location. By correlating the header
i nfloromgtembedisnentytbel laop andier piede striprsanses sydterhs fliustrated in
i nformati on associated with each of the still photos
Figtifes 1l BA-16Deak entbetld@hinltie wad plir€ate iv vélatbnce andhdiodtos tudhl as
and vi deo data can be conbi ned and generat ed.
a stbb §i3h BRFMBINY, T fhe EQscUTRAMERBS RN, the\RicefbreaithiabAly
vidéo canera is used with no still{ cameras for the
| nter [ ' ' I
plabddF 6 s o AR Buurplift 1 ARl ™ ThE B Mement of
provi ded that the resolution of. the video.canera i
theRrhtseBah rahp O i affutton 8ashigy igands b
ensure the integrity of the inmage data that is
detestign of sehiels thnoﬁgh ghetintsFseetiaasor nagTrtoredslegation by the sensor or
functions in frame editor 133 can be restricted to 15
seneorh yrigatsa Smanit08ghsteopirels dret extradiien ofeanyided elip Hom the
alteration of the actual raw video data. The

vide®1odp shebysis VRI¥b L4@6ras 180X t her the physical or
virtual enbodi ments can be used to trigger both the

Vi dgfhef ﬁﬁsﬁ%ﬁ A& A stebslchn B 8édadb pFRABS @tectiéh of e

system I ch both types of caneras are used. Upon

det ecti on . i .
o b Sl L30T S Mt oy R0 RGSY o
corﬁtlmrég% \v/vlit et e fr{dlugtixseel%&g/ggzo strip to detect the presence of a vehicle.

In an alternative embodiment of the present invention, a virtual loop detector
implemented in software or firmware is used for detection system 1406. In this case,
the data processing system 102 of Figure 1A includes a virtual loop detection process
139. This process defines a virtual loop or trigger line in the field of view that is
continuously recorded by the video camera. When a vehicle is imaged in that virtual
loop or on that line by the video camera at a time not allowed by the indicator or
traffic light, the timer 1408 is triggered. Digital image processing techniques can be
used to define the virtual loop and detect the presence of a vehicle in that area of the

video at an improper time or improper speed.
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process is executed for the video canera footage. Data
Processing SystemAs illustrated in Figure 1 A, the

w0 pmgasiocapt ured by the intersection canmera sSpST/@R2000@18375
are processed in data processing system 104. Data
processing system 104 25 includes central processor
132Figore Ihillystrategedetédtion ofarveRiclehdthg &¢iftuhl wasd 100p,
nodul e 35 WO 2004/ 111971 PCT/ US2004/ 018375 138,

accdbdhg foyorRSmbodnhdht Of BfdproRdbinGenkity:, R %cgitglgiguﬁnldi

notice printing nodule 142. In general, th

I
: [ I r S I git St ik
R S s P10, T 8 1o R 2B SRl “inShergg
. Vi clip data provided by videa  caneras 122 js
vie dHifi Fidb PG sB™ e Sty At LA e ek 04 and o
for. the nmonments 5 surrounding the incident to help the
traﬁﬂCéwi*F T'tior &t Rt/ 02 fis saqB caterps therpierseetiopaen mgeddight. Through
aggravating circunstances. The video canera thus
digitalcugrad progessingdedhmiduebef drtealdoap 1HBtie defiteel wfdawms i drsarea
detected. This provides the enforcenent agency with a

of th igterseation) wick as befordlthelcrdshavaly eT04S Treaei e use 6haPFtual
followng on fromthe offense, thus helping to better

looB Q1708 iV Eant Rl ctcdth&XtvhEthed thE c&f 1789 $Rterddthe %ﬁ%@?clﬁfgm at B

vi deo footage 10 nmay show that a car entere

. r ' hel rg or_poal i

imy BpSREE TR, Wil e o 27 ERAOTOR c8{ocBR e logp 1708

S i | ved in.a collisio efore, or. after entering

by ﬁ%é’a’f W@r‘%@&% H?ht beemisdApT Hrtaby Ryiodiefiing, g shoven in
the_main software programthat inplenments the traffic

frampe 47 HY pasvrapsan offonse tabridgtegsest tAtigisapintethe times iswigeersdl,
15 processor 132 is designed to nmanage the renote

as itlasteated inystape i50@and] T ¥)36n \Fegurd &5 r It shodd the mbtedahat depehding
i mage i nformation via nodem The central processor

updofit &iyost dftthe mowiorda iGHAESE afdihe caFDIIEi R Of R RhRrSMFE €M
information, but also sends information to the nmain

oot e 8L RS SRI ARos
relation to the cross-line (e.g., crosswalk 1704).

Also shown in Figure 17 is a frame header 1709 displayed across the top
portion of each of the frames. As illustrated in Figure 1A, data processing system 104
can include a frame editor 133 that is separate from the direct link from the camera
system to the central processor. This frame editor allows the system to stamp each
frame of the video with certain identifying information or relevant facts. These can
include the time and place of the location, duration of the lights, speed of the car,
direction of travel, and other similar items of information. Use of the video frame
information can also be used to determine certain facts regarding the incident such as

the speed of the vehicle and any possible acceleration or deceleration through the

location, by using frame rate and timing information. For example, if the video clip is
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20 Figure 6 is a flowhart that illustrates the steps
that are executed by the central processor 132 when

wo paudenti i nformation is received fromthe di geeBIUS2004/018375

still caneras of intersection canmera system 102,
according to one enbodi nent of the present invention.

twdlve sceiisG0Zy arddatié videvg@selashadts 2R Fragiek ipait @ cohdyiticadesulting
format (e,g. GQFF, TIFF or JPEG format) are stored on

chﬂ Rl &Iﬂtaﬂﬁ "319)0 HIRES %a&i 5@@@1@&/&5&&%@& a@artarzx%%hmh%bmg%re
25 regul arly archived and which is avallable for

175%%%%?%‘: @tuﬁ%&ﬁ bty @?Zﬂ‘?%ga?@%%% ek
R T R e L

f our |rrages typl cally consist of two scene es, a
usegtp deferning gpesdiand gecelapfiprafor theaiehiclpbiavsing kawén istqnces for
step 604, conpressed i mages in JPEG format are nade of
thetlbeatibmo scene 5 inmages. An incident record is then

stored in the main database 136 with associ at ed

r ecBi@srrelafih@iheihegddr irefoteli HIEHRIISRthS ORIRE fafRg Sthohe
the address path of the face and plate TIFF images,

infSmERiofR Q@socfﬁ&% Wlﬁ{:éa@ﬁ Q)tf tﬂees‘%ﬂ’l L}glo'to% 0?%1% SRR 2 iR giﬁ'@pled

I ncident nunb ed tolink I't to
[ e
iR R ﬁ%ﬁ@ {5%3*‘%5%3 ?{%ﬁﬂﬂl?ﬁ dh i catEnetlin
tem 104 allows . 10 trai ned operators to check_that

emBgdimgpis 3 hiog T elR g0 SRRERS BRdonith By mlf??gnffras f%@

i nci dent have been net in the captured inmages an
interggeion Tamera; the sty ipfremation sllames inflividueh femeshte bmspdl anstill

is alegitimte offense and that the driver can be
imagea,dirbyidedithat the resdlution of dreeviderthantiereisthigh erdugh po peoeide

i nvention, when a user logs onto the verification

legipRél Lﬂeﬁtlﬁfﬂf’g dHeY ToleBsiE ﬁi?eeiﬁie@ﬂ?%ﬂtﬁe finslieSRtaANatSS bRSAded to
whi ch consists of five main 15 informati on ar eas.

the a‘ug‘}éFﬁes? (t)f#é g%ﬁé é«ggﬁ% fﬂggogén%ﬁ#ﬁ : &fltgg EgBr N Bef llegt"i’ﬁ:{eﬂ%
dlnent f_the sen invention..ln densare.
oS A SiTiahe b Uit PSR Plom=BHE Pt HfPapn o LG it
so that the ol dest |nC| dent is always processed
datp ¢ gt | Many of the verification application screens

The detection system 1406, in either the physical or virtual embodiments can
be used to trigger both the video cameras 122 and still digital cameras 120 for system
in which both types of cameras are used. Upon detection of an offense, the still
camera or cameras shoot a series of still photos, and the timer/video clip recorder
process is executed for the video camera footage.

Data Processing System

As illustrated in Figure 1A, the images captured by the intersection camera
system 102 are processed in data processing system 104. Data processing system 104

includes central processor 132, primary images file server 134, verification module
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are also used in later processing applications, that
may i nclude quality assurance, a 20 hold queue, an

WO ndoansivat e queue, Police authorization, and apCDUFBOE@18375
viewer. \When the incident is first |oaded, the
di splay area 206 wll display the plate zoom shot.

138 qeality essunnee chevk medude 140 databugerid 6 2418 dodicy bentidd@odule
face zoom shot. Wen first displayed, the

142 NRQIFREAE ﬂ@dét@ﬁ%@éssin@tsgétgtﬁ 100188y WrbdesfR dggi&d Q1 frh %y

the file server using e i mages” Stored address

o P S200 VAP t
proR By S o b, T R S pvigPRE sl
ste hat. use these.inages wll |oad g conppressed
cantOsRRT37L SHgie iy PORSR e b cpaeuld Bale SRBRLET Hemomens
dat apbase. . Thi s techni que generally_ i nproves the speed
Sur%ﬂlmgwg tag wcKlentin delpdp ¥iewgh defptaiat if theregro ey migiggting or
m nimum at the cost of some small |oss of image
agggapating gireymsgtances Thevideo cdmerathusresirdgfotifo bath twfipre and
easier recognition in |ater processing steps, the
aftatleas{fafse isdatecest. Tiis plooides fHeaheoragderdt agencylvath 4 eges
can be magnified by the verification user. For this

cothplBelrb@id ofthEQRQBAE RANFG upits ald BMIokEAk o Rbm hOBEEMNe, thus
allows the image to be enl arged, panned, and allows

o
netpifl 9 Bl pBREHER b BPITARRE, Tor B b TRk ogeee
al ]l ow . masking the . identity of a assengers in.the

maf ShoVE AT £ 5 Siored, thy Tgisect toyeld O e Bk pafiee
yused for_all processing steps after the verification
vehigle pespapsing o eagrgensy; ordhat the Faravasdnyolugskia amollisien before
nmodi fied, only the conpressed JPEG i mages that are
or aftep cutdring thelintegmetadomse are mani pul ated. 15 Wen the
incident is first |oaded, the main display area 212 of
t heThetdnliiat piocesor B egesuted tBa nyith 5oftll & baygrarh ehat A"
scene shot. The user may click on a button 218 to

implbB¥hts BR rdBfic %ﬁﬁtionmg?l% l?e W%’c&rig Hstefl. Sile¥farl N

JPEG format and | oaded m't he dat abase.

prog%(g%ﬁafa%gg tdegi gnetdqlo( %ﬁnggc‘e t‘i’xte] ?er}{gtg icgrlngracsrygt%rsng Sa’mtti pe%els\’fte eir

incident data and image information via modem. The central processor contains its

own database for recording camera system information, but also sends information to
the main database 136 in the data processing system 104 for each detected incident or

test shot.

Figure 6 is a flowchart that illustrates the steps that are executed by the central
processor 132 when incident information is received from the digital still cameras of
intersection camera system 102, according to one embodiment of the present
invention. In step 602, four images in an appropriate digital format (e.g. GIFF, TIFF
or JPEG format) are stored on the primary images file server 134 in an area which is

regularly archived and which is available for read-only access by verification users.
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the B shot is taken after the vehicle enters the
intersection. As illustrated in Figure 2, 20 the "B"
waeenaishinot i s displayed. In Figure 2, displayrer/es2084018375
is the data block details area. This area displays a
representation of the incident details as captured on
Th&k iagesdohdtRute ik pembryrayideace, wlidhoig di gl Qighbé tcd%%ﬁéﬂt Sny
at the tine of insertion of the incidence into the
subd@fRRAERlefet REmMAMSIARIN MBle ErAGRESON kRS BorsiR 8 two scene
captured by the system has a data bar 212 at the top
f 'rgqg L OVI jtional |evel of
m e%%rqrfvsfg%e |§géd%nrr§ ?%%gﬁgﬁw%gg% Sta 38 WO
2004/ 111971 PCT/ US2Q04/ 018 | ock 210 nu mat ch
£ ol SRR T PP aE it AP BGO ercrhpds Wb e Setne
. images have not been incorrectly assigned. The inmage
images. FAg ifrcadent ggeopd isileen siersd i the mein Jeipbase 436 matbassqpisied
(DW) details area 216. In this area the user types
reconds thigainingeths éwp campreseti acdne ifagen anddhSaddredsgatit of the face
vehi cl e and executes a plate | ook-up fromthe DW

andis1ht@ TIBR imhgesga8e6@d. , ThdiacidEiWWed 2@ ki iz sigeba Ghiguinciient
nunber of automatic steps, including | ooking up the

nuh&G whichtd SR KRSt 0 fallto_ﬁ{l%r X&P&iﬁikeﬁ rtQrdShiudhout i‘is lifecycle.

regi stered owner(s) details, |ooking up persona
r

e S e e e e
b SR B S S i R

. a successful |ookup, the DW details area 216 of the

incident ave fe¢romet wdhe egpteed Eneges and detp) [Thafiisghegperaiess wrify
the retrieved information. Figure 7 illustrates the

thaDle imhed et [ssa lrp@andteoffersated thdetheidriveTém Hel readibeidpdtiied. In
and vehicle information is displayed in the top half

onéémSH SRR fAEPredd invEhgor) 8/Hen aNderdd ey &a6 1 verifiRation
driver, or 15 conpany, if the vehicle is conpany-owned

SRS ALTONAN 508 ey 8 g

cense I'n Lver | in
infﬁgljg%l%b% %{egg.ﬁﬁ i Oeg?e JSILL{SE%QQ/ %1% gfmﬁ{y ootg Elﬁ \‘?’etn%ﬁsatigr]; mtoa{‘:flc l?g/r"/an
exemplary incident, according to one embodiment of the present invention.

Incidents are queued to the verification station by incident number so that the
oldest incident is always processed first. Many of the verification application screens
are also used in later processing applications, that may include quality assurance, a
hold queue, an interstate queue, Police authorization, and an offense viewer.

When the incident is first loaded, the display area 206 will display the plate
zoom shot. The user may then select a command 208 to view the face zoom shot.
When first displayed, the uncompressed images in TIFF format will be loaded from

the file server using the images’ stored address paths.
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screen nmay be presented to the user. Figure 8
illustrates a DW | ookup screen, according to one
wenadiwent of the present invention. The DW PODKSI04/018375
screen 800 20 allows the user to execute each of three
| ookup steps increnentally. The user is able to enter
t he Noter thetuefter b ireideht haf twenmedifed, ldergitoassing stepethache
registration (license plate) nunber, personal details

theoé irhdpRs il 1k a Rmpré&tedIPRE rvergmhlo@ﬁ{bslﬁlaga P has Efééﬁ stored
reglstratlon nunber of the vehicle is entered and

in %taaiaﬁa{s%d Qélﬁlgé#@é%e%ﬁgy %&g !H]%e Y& o‘i‘ltlgeo%g{eﬂ %\?dtlﬁeeps

are ent ere and aye ay ar ea

oo A0 P S S R

t he .DW | ookup screen may be necessary in the event of
therf{ﬁ“ﬁic%qoélsit"eg@ords being returned for either the

reglstratlon nunber or the personal details | ookups,

. eTo ajlpweasier repegnidereindaiepronessingstsips: the arpasghintasest of
the vehl cle or if nore than one person had the sane
bothalee addcOMGt limagesran be @egnified bylthovérefication use. For this

nodi fy user-defined search criteria in the event of

furlcB bl NRBMONME0] 1s§26vided. PENS Bontfd] aMeds 1he iHaE@ 0B Wildrged
such as if a"0" nurrber was i ncl uded in a name i nstead

d allgwls Ilﬁ%{lﬁ?r and ¢ hentr &k gﬁjﬁﬁﬂle s e?QO&B c%?flilerfgr face

erred’to t evant

wer hal f he ooku 800

Shﬂgﬁ% Rh0R e i S SR RERS Rty ki ea%sws
creen of Figure 2. The user nmy execute nultip

in %saﬁlwﬁke of Eﬂtmga%asgmﬁ ekhegoppet Haagssiars wed e alt Pr@sessmg
results. Each DW lookup will be |logged against a

stepniafidr ¢l earifigeldon sippl Natedhatitheprimarnysytlendhindgse Rrgmott og
can be nade viewable. This area at the bottomright

modifiddhenly ¢lid donatised TBEGamagafthdtiagiistered is tirwitdbase ard 5
buttons 218 corresponding to the different ways the
nifilAent can be processed by the wuser, i.e. how the
status of the incident should be updated.

‘When the incident is first loaded, the main display area 212 of the verification
screen area will display the “A” scene shot. The user may click on a button 218 to
view the “B” shot. These images will be displayed in JPEG format and loaded
directly from the database. The A shot is taken as the vehicle crosses the stop line and
the B shot is taken after the vehicle enters the intersection. As illustrated in Figure 2,
the “B” scene shot is displayed.

In Figure 2, display area 210 is the data block details area. This area displays
a representation of the incident details as captured on site and the incident number
allocated to the details at the time of insertion of the incidence into the database from
the central processor. Each image captured by the system has a data bar 212 at the top

of each image to provide an additional level of security. The information in the data
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The user may click the "Hold button to put the

incident "on hold" if there is not enough information
WO eooadewpt or reject the incident. To put an iPCT/USI04/018375

"on hold", the user nust also select the hold reason

froma dlsplayed hol d reasons form The 20 nbst conmon
black 24 6 musomdtzhtths mfavoaticn rethiefdatalter 2&hi Thie edéudesthtit iRRges

an in-state registration. For this circunstance, an

hairmﬁcﬂrbeéraineoﬂrmlywmﬁﬁ@pess m ght be inplenented. If
the user decides the incident is not a valid offense,

or 9k idhye GiMgire 298 Acluf 12/ hf.’cﬁé%elg eﬁc D t(SDMV)

al | eged offender, the |n;:| ent cag_r/a rej a2
2004/ 1119 P
ol usb £k A B RO CFT‘SGB’S%E)BSégﬁ?“SH“ et n
incGiRHEiEg)e 451 PRFPLies i ate ok Tom iRV delgbusecigencsl,the

restart an incident, which would renove all zoom ng,
DMY deoky, consists af 3 Bumberof antomatiorstapes including heakingyp tev e
been returned. In the case of 5 an incident being
registigtian newbertdféhdwehicle yo whurh hegistaed dantr(syaletdlsy Bbki@gtup
this and any DW | ook-ups woul d al so have been | ogged.

persbeal deatls ofthe afivérSo r&rideE £ BEva T lideadAfMbeR For tﬁ@%égﬁ’stered
After one of the four choices has been sel ected,

i

BRGS0 ol YA NAUART O PR
S hlst ry to date and add neMIconnents to

Corﬁﬁle#e%‘% ﬁlceqse dg gnbodi ment of the present

i nv ion, the ookup form800. is also available
fr oﬁ?n@?%lélg aéﬂfﬂeg%'\%t log, e M deipilscares A6 ofghaverification
include an interstate queue application, so that when
scregionfigurs Lavid display sesn ofithe retti¢wsd informatiyins thigire Grillustrates
requests sent to it, the user can enter registration
thed2VIM dleﬁailsgpaéa’iatgr@lﬁeri detdild eftie. lickhdepl&e @ad +&hi€lk ikBamAtnTs
may al so be editable in the hold queue application

displaget inhBe topUaHRITdidp §afyral9@d 7. MR dableSfd ali@re8Xdf tﬁg briPaTEy

and address details omreturned DW regi stered
company, if the vehicle is company-owned is displayed in display area 704, and the

driver’s license information for the driver is displayed in display area 706.

If any one of the steps of the DMV lookup is unsuccessful, a DMV lookup
screen may be presented to the user. Figure 8 illustrates a DMV lookup screen,
according to one embodiment of the present invention. The DMV lookup screen 800
allows the user to execute each of three lookup steps incrementally. The user is able
to enter the various items of information, such as the vehicle registration (license
plate) number, personal details of the driver, or the driver’s license number. The
registration number of the vehicle is entered and displayed in display area 802, the
vehicle details are entered and displayed in display area 804, and the driver details are

entered and displayed in display area 806.
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owner data. It wll generally not be editable in the
hol d queue application when the incident has already

wheea/iveri fied, i.e., when the incident had berPOT/pP8L00©0MS37S

hold from the quality assurance nodule. 20 The

di splay screen illustrated in Figure 2 may includes a
subbiyd eftthevDINIV lookasb |sereBn Miag e Mgcdshery th R veht of nofitiplee
of fense. Upon requesting access and playing of the

recowgissan% kétBimell 6 ciinet BEYSligRkiBY %ufﬂB@r WA tﬁ@ﬁe@eﬁkﬂ achad by

the video clip recorder.” Typically this conprlses a

r {
toofS 8 L B b ng Bl s RSP B R ngqﬁmoaﬂ
after th ense. This_e he 25 revi ewe
thaf phGPerkl Tt e RSB LR DU S SHEeLRFLASS be el 9o
2004/ 111971 PCT/ US2004/ 018375 (Quality Assurance
mogifipuses-glefined sparch cpiesiads dhegyenlefirammedpvaier megidsdeing
al so includes a quality assurance (QA) nodule 140. In
flaverdanenine dinaneat, sudhhes 10\ “Gibguhizer wes sndlidedsaamansdnstead of an
interface as the verification nodule, illustrated in
“OHegerre 2. In the QA nodule, the user does 5 not have
any image editing facilities and may not change any of

th erweeﬂéhﬁh@d %gea bESRRr d&m@wﬁ%e Hais@irted 18 Eh&%%‘%&ﬁt%e{i‘ds

DM/ ook- up. i ncidents that have a status of
o BESGERRR P B BT R g R
ST R R TR aD, 2 8 il

have "verified', be it at the verification
if uvagabisfiedhwith ﬁh@mtwbrmﬁfbﬁéu% ;ﬁaca:HM&(rioolmewllabaqlaagctdt y
assurance session begins, the four inmages (plate,
agaimteparsicelarusty anddaeiting)stanmpedo e dockag 10PE@ Beomadet ar e
| oaded fromthe database 136. The plate and face
viewamlges di spl ayed are those that were nmani pul ated at

the verification stage 138. Initially the scene A and
zoom? aRh 3t theHAbH ?oﬁh@%ﬁﬁ@ﬁ n-E@ H@Efﬁgmé)f Khows the
details 15 area Is then popu ate e current

butfoﬂg b ij§ ccgrresiogﬁcﬂﬁg {o thg i elrear}f ways the incident can be processed by the
user, 1.e. how the status of the incident should be updated.

The user may click the ‘Hold’ button to put the incident “on hold” if there is
not enough information to accept or reject the incident. To put an incident “on hold”,
the user must also select the hold reason from a displayed hold reasons form. The
most common reason to do this would be if the vehicle did not have an in-state
registration. For this circumstance, an interstate lookup process might be
implemented.

If the user decides the incident is not a valid offense, or for any other reason

cannot be issued to an alleged offender, the incident can be rejected using the ‘Reject’
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The user w |l assess the incident as presented, and
may accept, reject or hold the incident. Acceptance
wapdatie®7t he i ncident's status to that of "Accegr/es2ooyo18375
Verifier and QA". Rejecting the incidents results in
the display of the reject reasons form The user
buttenal &cthds érse,ahs aser aitl be prkéntab with aupdas readone forfciodelett the
status to that of 20 "Killed" (rejected). The user
reasdhih oS ahRORSLsFer 118 rélo@per ator of the incident. No

further action will be taken with this incident. If
th 3 f ' :
o sy e fig BEfia & il an il EAS AL B ) pomine,
hat of " Accepte r.ifier ld b s .. The
meshify off pip® SEEPEERRY d8hlsih Ol Bty Ry o B case of
incident. As the incident _was put on hold by QA 25
an lflﬁée@&tn&fﬁwwd, theystony of theingidentorowd getlick %wdt By DMV
incident frombeing editable at the 42 WO 2004/111971
loolpapy werldGusotiegs peen logiadl. diiwiast apiion isdo iacwept an mcideotdsy
i nci dents that have been put on-hold fromthe
valideri fi cation application my be editable at the hold
gqueue application. To be editable neans to be able to

e s cHe® FIREfOLAEIRIGR haPbih Qe RBRH Sthe 8&RGHEBert wWlY¥e

| ookup or to be able to edit an alleged of fender's

dis;g?);eﬁi and tl?(g%ljggfss %&Jﬁ?p IfHQ u?e& gﬁg g?velsth% bR toea’g‘g%rre nt

the pr 1 on, a pProcessing system

. .104, .i.ncl udes, a hol ueue appl.jcatian. I ncidents that
incigy st o el % GRS LrHnk: | on ar o
queued to_this apPI ication. The application starts by
di dploagieRyodingat g tha@éf@éntﬁﬁvt‘rml%rtg@ PM¥ deokimdiaem 309 jssalso
of all incidents that are on hold that can be
avajjehde oneathéryapplications.r Eortexasple, thHferm smy inelydean kerstate
any listed itemand then click an 10 appropriate

quea® apitatidg sditlsp hdign bheth&arie SIS hfaSndiacdn Bgibiigtion
verification application. Incidents maybe put on hold

reqid%ts@eht8fit, tHtSuskeEdn! én?éi‘{rlégmraﬁgﬁi dk&iid 3%5125& ah R&idct athit Yrea

assur ance nodul e 140. en an i ssue been resol ved

o et P58k 5o RO BE ISR R3O el B
ben{gﬂ‘%}qgﬁ% t%\%:rs(‘ggcl% talﬁlglg 3{1](8 %gdag%g%ggs ﬁ%rg{ rfel‘ufrgéc{ BRN treag%’setéred
owner data. It will generally not be editable in the hold queue application when the
incident has already been verified, i.e., when the incident had been put on hold from
the quality assurance module.

The display screen illustrated in Figure 2 may includes a sub-window that
allows viewing the video clip of the offense. Upon requesting access and playing of
the video clip, the system displays the video extracted by the video clip recorder.
Typically this comprises a short video clip showing the circumstances of the offense
including a few seconds before, during, and afier the offense. This enables the

reviewer to view the circumstances surrounding the offense.
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15 effective verifier. In one enbodi nent of the
present invention, the data processing system al so
WO p@ad®s31 an i nterstate queue nodul e. Thi s nModeECBUS2004/018375
appears and operates in the same nmanner as the hold
station that deals with other incidents put on-hold.
Quilay Askirancemptdsgati on, a |list of registrations can be
printed to be faxed to another state 20 registration

aut Ré&atté( Rro%@ssh{%asérsfeﬁ‘ﬂ’m @.EQ“{AdaqeodﬁEﬁge ?Xalﬁfﬁééﬁfﬁnce
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a5 R o B4R MO GBS dorbe Ay MRl B8 user does

advanced to as normal. 43 WO 2004/111971
notpayy usPiovge GdiipgSacilies and niaynet thange voy of B vehisle or alleged
traffic violation nonitoring and reporting system 100
offafdefr-deguilssorieAealts a DMNdboldep. Al inciflants taehdve aonguoof
nore police departnents 106. The data processing

“A&ﬁpieu%@tvefﬁel O4r ‘PARép1EE By HMRA DPLiate? af SRAITFBR1I M alle

lity to sel ect one of three nodul es. These are a

forgl'glgﬁtg%ss%\‘%rkgr rheLle0n 1R llﬁerszﬂlooz{rg €a i WL Hfdh&l

I cée report no exe ary structure O

Ilce autho tio du ‘ »S re

ond YR B & B e RS by 3Rig B G20 the verification
Interface_screen 900 provides a Ilst 902 of

appl Wé@%’bﬁé@é‘f%ﬁué@? iGaHent i me, with |icense plate
nunbers for the offending vehicles. 10 Al incidents
havWhgnepaliyosaprect sessiandbagihspihe tfory ivages (piaie.iface, sasde A,
QA process will be presented on a list in

scehe B in gumiprbésed TPBGAbRBatare lobdedfeom tixcdatsbas©136. MEhe plate and
police authorization application. Incidents wll be

facla hlﬁ&éaeg diPlayB@bfhth6dcaRhti vidte ?ﬁénfﬂﬂﬁitéd dkd GeMcatifR k@

theréby the oldest will "be presented the po |ce

Im{é%lf}lﬁt?l? y&?g E’Xogt{d Ao deﬂi}h%}g glf£|§ %%%E}%ﬁ{yew Il'he Hgt\!l%l&clﬂ%etaﬂs

O viewiln

area is then populated, and the current incident status is displayed.

The user will assess the incident as presented, and may accept, reject or hold
the incident. Acceptance updates the incident’s status to that of “Accepted by Verifier
and QA”. Rejecting the incidents results in the display of the reject reasons form.

The user selects a reason and confirms to update the incident’s status to that of

“Killed” (rejected). The user will be logged as the QA operator of the incident. No

- further action will be taken with this incident.

If the user elects to hold, a hold reasons form is displayed, and the incident’s
status is updated to that of “Accepted by Verifier, On Hold by QA”. The user will be
logged as the QA operator of the incident. As the incident was put on hold by QA,

the system will flag this condition and prevent the incident from being editable at the
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appropriate conmand button, such as the "show
wa@ledwaili®71 butt on 904. They will be presented wetus2004/018375

non- edi tabl e screen, simlar to the verification

screen of Figure 2. They mmy accept or reject a single
hold guéwteapplicdtion.d. hordy Reideats. thétdiavelbéen putbadiold ftomtthe

police will not have the ability to put an incident

verfitahioh Sbplihtidromy j(savedafabfétatt%e KAAERASapp REatibRS w&reduabte
(police personnel) assess the |nC|dent and may

meSfiGh € 2R t??%%fbt ate TRI(EG! r?t(arplétg 51?%9 U Biltd %f)l\mfégoliug or to

cancel |1 ng e 1 ncCi g ‘user ecid

cept.. the i , t.he.inc S_is _updated
be ¢ ity Wipt ok prus OF s DY bRk sitanse. 136
and the user_is returned to the main [ist 902. If the
us el geembedinent pE}I@dtresetlw@vwﬁ@md@mdatatm@cqsﬁeg g¥stem 104
status is updated to "Killed" and the user is returned
includes mboldSjuens applicaion9 daciddite thahmiay batvalidbitoggd futher t he
dat abase as having been rejected by 44 WO 2004/111971
claiPGddtidh 2604 dBrthis 4pplicatidna e apglidacias starts by daptaytiech hold
for reporting and auditing purposes. No further action
quettnhail? Sorb B btk alidt SF diNabdents that breldithold Bat 88rbLes

to cancel, the incident status remains unchanged and

protc&geéjgf{hefco LAtdED mtt%mt Jﬁ% Qﬁ#]?orl 51’5} l%stécf LtéH?Xn(}P ﬁtﬁen click an

he a orrzin 0O View e
|nCLdent on e.list 5 and act on
SPIIARFAST eRIAM @dlmtw%sm Seroggs wed &Fafﬂﬁﬁattoa the
main list and decide to accept all the remai ni ng
appligetiene ineidpnts may bgyputen Beldibypither thayerteatigpmodule’138 or the
function. Wthin the police authorization application,
qudlitre assfifaposmodileidgd. NBcml an issui ps bees resotvaddnt an ingiglest, the
for incidents that have been confirned as violations.

opelitos canliBlerBdliah€s e lihci@dns By BRhG@Geuptihy opfejéctinp e Iauw
only police authorized personnel may access it. The

incHRRA! wid it oﬂ%%ldeétttﬂee{} é:‘r%?&'l %ﬁgé‘ YRS he hy188 bdrBtor becomes the

regl stration, i nci ber as a search filter.

ente ing a search par anet er and executing a search,
eff?“ﬁ‘é{e & wi 11 di spl ay

In one embodiment of the present invention, the data processing system also
includes an interstate queue module. This module appears and operates in the same
manner as the hold station that deals with other incidents put on-hold. For this
application, a list of registrations can be printed to be faxed to another state
registration authority, so that they can provide details by return of fax. This would
normally be performed afier entering a search filter to list only incidents of one
jurisdiction that have not been assessed. The user would then update an incident’s
details by finding the relevant incident. The incident may then be advanced to QA as

normal,
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the four incident inmages, data bl ock details, and DW
details. Additional searches 15 can be perfornmed from

wo b@4maiomi di spl ay in the sane manner as the i nP¢CT/@B2004/018375
search. The police reports nodule within the police
aut hori zation application allows reports to be run

Police MntpthécofimBst i ons. The police can then use these
reports to follTow up on delinquent notices, and

Si nTﬁe?tEafﬁH 1 Rﬁsmorﬂb%n?%ﬁ@? r@w l)Jst% ?ooa&eﬁg&xg%%naea

in ['1st an can evi e oug
{ .
mclﬁ&%ﬂ“%é EThRER aeﬁrglﬁo?%' e P?%‘Hn 6" e e Pl
appﬁe' POD R B Poligr eﬁ%%p%r?@@éaﬂwmggi'als%#’t&%pfme

user for the nunber of days and then the report wll
modgydesdj Hispagusd pofise aptherrationimaduie; en gffenseati¢woaranediés ande

whi ch paynment is overdue by the sel ected nunber of
polidaysportAnddideri ssal s report item can also be included in

the police authorization 25 application. This report

| i sSAS eRdrhplast sueeird Hthe Pl RERRiZERGCRALIAEY sIRGAYESen
t hey vvere 5 WD 2004/ 111971 PCT/ US2004/ 018375 not

intePOE &3 68 s ‘ﬁ’l&s{}'at@d 8 tg{&e@A ! hﬁé&a%e%re@ﬁ@@@gﬁ%vﬂfes g list 902 of

nom nat 1 on. nom nati on oOcCcurs en an

er,_nomn nat es ot her .perso t. the
incifieEe B7 o MRter Ba ARt E maftf e T’ BEo ARG yfigh
I.ssued notice needs to be ncel led fromthe court
All jng aviflg; beep éﬁ&med&aﬁa%i viddrerdicatiqn and Q4 peqsises Wil be
the court to request 5 dism ssal of cancelled
preseptedcas lisrm(oabgg@eblghbaﬁ@ws pathomainsetces af thempodiks o
i ncludes a notices nodule that allows the police
autlobejzatiénrgppiichtdon. dacidemndilbbelistedvidritatdiatréatien biyahdpineRient
which are to be issued to the violators. Figure 9C

datd dddusthé, ah&sbythe dldesewALBd\rbdcafdd tRE pblRs /Y. | nter face
that can be used 10 by police personnel to review the

Phok eé‘ﬁga?:"bﬂfe}eﬁé’?@j%lﬁ?v ffel R0 10 (o InditN R P dnt
d.f 952
e auleniiod B8k HoH0E HhapEbre capprOp bREF: SpApR e

functjons 954 and
‘show etalls button 904. They will be presented with a non-editable screen, similar

to the verification screen of Figure 2. They may accept or reject a single incident
from this screen. For data integrity, the police will not have the ability to put an
incident on hold, or to view or enter comments.

The user (police personnel) will assess the incident and may decide to accept,
reject or take no action by canceling from the incident. If the user decides to accept
the incident, the incident status is updated to “Ready for Notice Processing” in the
database 136 and the user is returned to the main list 902. If the user decides to reject
the incident, the incident status is updated to “Killed” and the user is returned to the

main list 902. The incident is logged in the database as having been rejected by
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956. Information regarding the incident is also

provided in area 958 of the display screen. The main
wale@phiany7ar ea i ncl udes four separate w ndows. RETUSW04/018375

960 and 962 15 show two still photos of the | ocation

fromdifferent vantage points or at different tines,
polzadndiirdessoflGredomipd & Sepditing aabRgktigY @irfoses. Molfafther

identification (e.g., driver's face) of the vehicle.

actlgﬁﬁ\hll Bk itdken 'vﬁﬁgﬁlﬁﬁ&daﬁ  tRO AR dBEIRN REAndd, BaGhifh @
mber of still caneras at the scene, or they can be

Sta‘hm%&?%é%@e%@%@ﬁﬁd eaRifBstor the o o
ol Y el SR O aubSuaipgticer DeTenged: RRet aride list

command, 968., The di spl ay screen of Figure 90 IS
5 andgcl eryeachypne individaally o they Wit stany stage retpimsteithy main list and
conposition of the police authorization and review
deciglerte aecephaldi theerempainitigf ineidents listed by selecting qnddstpitell’ For
exanpl e, the video wi ndow may be provided as a pop-up
funpiondow over the main screen, or it may be displayed as
a full screen to allow 25 the operator to view details

| N Whginvihd 981i6d AlthoriAf Q! T e
b e 8116 hithorizhion Bhptiatiun) cfense ?'la?N et module

disﬂép%l iALHOR AR ésttgf hﬂgite ?ha{t BRI UP%oﬁgl%ﬁ?({?a Tgus

€S a C urt ace m)

ate det ai otices .to the courts
10 molffigtill 3P BRFYHahe sy ufingler abBoues asasmas o
notice stat uses fromthe courts. In 5 one enbodi nent ,
accgijits Thedtseswill useritheiouptica numier, veliicle registajion, etingident
party scheduling program by executing database script
nunflier @2 s¢argqufiber9B i | | ustrates the court interface
screen generated by the court interface nodule 110,

acoon entegng @ sedreh parh@dier®id exetutidpen arheite sPrﬁtélﬁWt'iillQﬁ'splay
Court interface screen 950 includes a dlsp ay area

the %ﬁx@lﬁdi‘@ént 1h§ée§ &A@@m@&a& Ha&Ss, Eﬁlﬂbhb?\ﬂ@taﬁgeﬂfi?ﬁﬁgﬁvsgﬁcq:%

are ready to be sent to l'eged o ers

i ncl ude
e ‘59 égf@éﬁéf fra o PERESRRCEE: S bR ol et
r eceived. fromthe
e police reports module within the police authorization application allows

reports to be run for police functions. The police can then use these reports to follow

up on delinquent notices, and similar functions. The reports available are presented in

a list and can be previewed through a police authorization application user interface.
20 The police authorization application can also include a delinquent notices

report that lists delinquent reports in a list. An interface dialog can prompt the user

for the number of days and then the report will be displayed. The report will include

all notices for which payment is overdue by the selected number of days.

A dismissals report item can also be included in the police authorization

25  application. This report lists all notices that have been cancelled because they were
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court. These may include acknow edged notices and

di sposition of notices processed by the court. A text
walk@plian7ar ea 956 may be provided to di splay nPEHESE®4/018375

associated wth any incidents listed in display area

952. 15 A manual court interface nodule can al so be

not Pratessde vithin thelidelingit br bdtBuscfaRiihAiony A 8oMfratibSs occurs
or if unschedul ed activities are required. The nanual

whéPAM{ éll_etgédlg)ﬁgﬂcﬁ? RofRtsenathbOYEsdnl R t%%hll I ﬁl@%&fﬁ%ﬁf th®

be 1 niTI ated: generate notice recor rom ne
. ff incj dent d d Il f
o B0 LTS B A ol
[ , d [ Kk I it . The 20
o S, PR RS B S S T ol oot

_functions can either be initiated manually by
dismissallof agpcefed noticesf ace sel ection, or automatically
froma third party scheduling program by executing
dat ‘Hirgsdics enthptizaionrapglifdtion also Facludssernoticesmmbdwin that hBows
details of the function are stored in a tine-stanped

the PBE&Y dbphfimeRdtoissab and\bichied tHE NGHBes t%Q?ﬁ:ie@kahEﬁ akeko be
nunber. The nunber of records affected or any errors

nb
: t s 25 also stored. 47 WD 2004/111971
158%@%?%2‘%@%36%8375 Notice Creation In one enbodi nent
of t.he nt invention, the.notice .creatign functio
s PRt ) B upobiZRichTele S lsB e s o4f o 08
occur autormatically when the manual _court_ interface
by pRliceantspunel &t thentioios and sidsp b af &0 Kicide wﬁ‘lstrated
notice printing 5 nodule 142 for incidents that have
in soreen disnlaly @S Dzeparbgulahiacidenti cen be selgeted from grsingident list 952.
flowmchart that illustrates the steps of creating a
Inciiehiscan basartaddindgesroh@hier esihg therapptopriafe ihpna fpnetoandsS4 and
invention. In step 1002, all traffic incident records
95¢. NaforM@aN6n fegifddigihe PhcidenhRaMR6 FroVidBOd £8a B DEEHS dRGlay
or ~Ready for rning Processing' .are identified. For
(o | . . i PeF;
sr B TR i hE0BPE cpa gl gbor LSO B o2
1006

show two stljlltphlo%osdoef'ttﬁer lrgcar&?o% grct}g tdif%e?"gnt rxrfuaﬁtggé i)gi%tsho%sét S{fﬁe?esn%d

times, and window 964 displays the license plate or other identification (e.g., driver’s
face) of the vehicle. Each still image can be a photo provided by each of a number of
still cameras at the scene, or they can be images from any one of the cameras taken at
different times. Window 966 displays the video clip of the incident recorded by the
video camera. The video clip is typically accessed by selecting a view video
command 968. The display screen of Figure 9C is primarily intended to illustrate one

possible composition of the police authorization and review screen, and many

different layouts are possible. For example, the video window may be provided as a

pop-up window over the main screen, or it may be displayed as a full screen to allow

the operator to view details in the video clip.
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since the incident occurred, the incident be rejected

on the grounds that it is too old to issue, step
wae@8/11ibhi s typically occurs because, dependi NBCDOS100€018375

jurisdiction, notices nust usually be sent to an

al | eged offender within specified period of tine
Courelmgerfacd> days) of the offense date, address details

updat e date, or nom nation date. 15 For each incident

found f438E victatintoibrlitoking 28l éeﬁ&% $IRnPES] A irkfhd
O fense I\Igti%e record gs c? at ecxgt nd assi gnelélea es a court
. i [ The crea otl.ce il |
intelab 4 Ohe TTRER SR ugrly oo R f Bt RTo i cours
for.Natic Processing’., or. New Warning Letter' if
clogtigaicail 258 Yo AN G0 U RISRORGOUPT HEGSSS iRy thepggurts. In
associ ated offender and of fender address record is )
onegmhpdigent dhistspeesois napaspbryomnalicallyugings thivd pady sehsduling
of the owner that was sel ected during the incident
progmm by extiting (tabesssriphfitesr t he appropriate notices
have been created, the notices may be sent to court.
Thi Bighters® illastr36the €ourbidtérfice ek Belerdiyd By GehRditligerface
programor nanually by selecting a "Create Notices
modiilk §10 %%&&aﬁl?% ofSlebSifRHE 4 th%l%&&ﬁ ifetltisR! eYurt e ERe
950. 25 For this process, the systemfirst searches
foryzall noti ith appr.opri at.e us_ . 48 WO
sordsf0a it 8% o Bkt I S BT B aBles W e ek abfovea
excl udes all those that e .too_old. The details of
andiarpready ja-Ressent o thy pilessH @%ﬂ%fﬁﬁ%&%&mﬁgﬁwﬁw fr2also
. pre-defined nane and |ocation) in a format that is
inclydes adisplay aica Ohé thep allewsacsgssite flesnpdoewnenth taceived fopothe
old have their statuses updated to ~Sent to Police
couftorThesesmiyg frlude adheovdedged motitéscand didpokitibawEndtiees processed
statuses updated to 5 "Sent To Court'. The system may

by ik $BhRY Ade B QliEplayOire 1956 MB Ye PRIvidedIo W@pﬁ%@&_@&@é assoBiated

"Sent To Court' and “~Sent to Police for sm ssal ' .

Wiﬂl]' Hl%tl ﬁ%ﬂ%@% éifsieh?n ﬁfsﬁﬁg%aw- have the text "EDIT ONLY'

ader to icate that the file is to be

o il oy SR s b B SO SRR
autérgat?ccgyst%% f%lqs, %%li( I?nvswcheeccllgﬂeegeag%ivi(t)ifes are required. The manual court
interface module allows the following steps to be initiated: generate notice records
from newly approved offense incidents, send details of new notices, receive
acknowledgment (edit report) of sent files, and receive weekly dispositions. The
database packages that are executed for each of these functions can either be initiated
manually by clicking the interface selection, or automatically from a third party
scheduling program by executing database script stored files. For every function, the
details of the function are stored in a time-stamped record in log table with a unique

session log id number. The number of records affected or any errors encountered is

also stored.
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10 receipt. A procedure in the court systemto process
the file is to be initiated via a nodem connecti on,

wobkeoahi1vay be handl ed by a schedul er program oPCT/US2004/018375

manual |y by an operator. If the notice is to be

Issued to the violator by a third party, non judicial
Notie ¥estionPol i ce agency, the court nust acknow edge

recei pt of a notice before that party can 15 print a

hargdcoe %nﬁadﬁﬁenﬁaﬂtggp}eésgﬂptimgcﬁgag} HIG6M QLAfoR funcH is

notice printing no ata processing system

Qvi des.a.user interfa screen that |i.sts and

init A O F SenBodfE ol iy oL S Db by b Iné Bigna)
a.notice preview formis illustrated i Figure 11. In

cou RIeHARRCRSTYeB A Sebgctach eNJBP%%r@ﬁ?rdﬁ ﬁwﬁﬁtﬁ?y mt?%m»an&
notice involves several 20 main steps. First, the

modle | ¢hiordrtdentssthaidiare been auleorized by thesealiden Figwee hoisxe
record, and the notice status is updated to "Notice

floviihiartttieat'il lustratey\diensteys of eteating Pnbtites décording epmueogmbaii@ent
Two scene inages, a plate zoominage, a face zoom

of théB@Sent rvieBlidi €ln sastpt 100D} ABirafSic FAdSH: SedofRARat Iﬁ?@la%ﬁﬁls of

i ssue user's signature inmage files are copied from

rebleaBe iy I LSRRI SERIPRNAS,

PCTL US2004/ 018 : xt,, t.he, docupgent .i s previ d on
t ne TEPab ARSI e BN = PG ECPEEmea R RS T IR
. then the document i rinted to the printer. te that
incigent, R L0 rihAn SteBd BP it 5 ckisemimed thrs oo spcih ies bas slapssd
. may not display the details of the person issuing the
smq%%% weidsatensuwed, thevagidaeibeyreiectsd on the gnosnds thatft ipe oldito
illustrates a notice preview displayed in a user
issuejdtey 1@08 Hids Bpitally acouns bécagse, dependingonahie jweisdictibn, tdeices
present invention. The follow ng details appear o

n
muf AGHINH et th AnANBRA el VAR sPAFH@FsH RIS e (B! - 1r5
u

al  egéd offender, details of the incidence, the

day5f ¥ tﬁ@ﬁﬁ?ﬂs%%,s?cﬁ?%é QWaes g%%a{t%‘ﬁ%tgr:&itnl%ln 2t rﬁ,gr&a&per ator,

-

t’he Tocation © e I Nnci rrga ate of

in Cfi‘oq'%gctzh in%ﬁigntf fioﬂr?d HEYIS V&pl%hlrll eroarllglvavteh Ui p'%lriség, an Offense
Notice record is created and assigned a citation number, step 1010. The created
notices will now have a status of ‘New’ if the status was ‘Ready for Notice
Processing’, or ‘New Warning Letter” if the status was ‘Ready for Warning
Processing’. An associated offender and offender address record is created to store
the personal details and address of the owner that was selected during the incident
verification process.

After the appropriate notices have been created, the notices may be sent to

court. This function can be initiated either by a scheduler program or manually by

selecting a ‘Create Notices File’ selection on the court interface display screen 950.

For this process, the system first searches for all notices with the appropriate status
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10 included is a section where an all eged of fender nmay
conplete details of the person that they may wish to

woomdnatelr as the driver of the vehicle at the PCTES2008018375

well as information relating to what the all eged

of fender may do if he or she disagrees with the
(e.al Negptnd axchides atllahdse eharase tad ohl. i Tied detidlsaf sleadoieds are

signature of the police officer that authorized the

writtB€ todendw EQort BRYWNE aFe-aBhRId RRRENAADRNPRANMIEHat that is
signature of the 15 person that issued the notice.

sthSE%ld’ﬂh@ ot g r&ggtgﬁ FUTREY thht *Fwwegﬁ 'ﬂ%@é ﬂhgﬂ ’stamgs ﬁ}?cf&?g(ltto

previ ew uncti may al SO a e use

. ni-pul a he.not i | e, .such.

sefpRef 1 pregispal, e phpiospt P@%&b@r sthsisdideisd o

wan HIM. or text file. In one enbodi ment of the present

SephlR hOHgn, T%ﬁqsyawerrb@éﬂdlépl% AGEFNLARPO mamy nottpes Hele wndated
i nnocent and subsequent nom nat e anot her driver.

to “Prairle Gewt’tand E%l’tﬂ’ﬁ@ﬂgllc@vi%e})m}isal’per son may do this.
First, the Notice to Appear will have a section on it
t haThé émpopiefils oreatedlym DY L diccteTEDITIQNDY? & thb GefRF ty/
that issued the notice, or the person nay conplete a

mdféﬁfetthétl th“é‘lﬁ% i9 Eo bOERERICRr Stk ARk 69 i1 Mst@ﬂldanhhﬁ‘at an

police wl forward it to the ISSUI ng party.

edllzl}%géllf:t ﬁ%@%rgg%yﬁf %M,/ogl]t%? tém ta- Q@t %%cﬁ{o%&%eesysy Of;n

VI O on nonitoring and reportin
sfitut gs l.egal ev d t hat nvi ct

reciB rA prode e AL R tHTS o BRPFS (hG AR 57 B (HSERE o

enbodi ment of the present invention, the evidentiary
moger earRectiendich @abbe handlgd by sehiedulgnpiogean or mapadly by an

in addition to other docunents, which are 5 not
opematossarily produced by the system Such docunents

could include information supplied by the court, a

c haifnhofotReiigiRrieassues td thy ivitdatasby @ thifepdrtyl B6H- jdcﬁ/m&lfor non-
the i mage data, and a statenent of technol ogy. | nmage

PRS0 Y RSO PR PRl by om
print a hardcopy of it and mail it to alleged violator. The notice printing module of
the data processing system 104 provides a user interface screen that lists and displays
in preview form, notices to be printed. Such a notice preview form is illustrated in
Figure 11. |

In one embodiment of the present invention, printing a notice involves several
main steps. First, the current user is saved as the issue user in the notice record, and
the notice status is updated to “Notice Printed” or “Warning Letter Printed”, as
appropriate. Two scene images, a plate zoom image, a face zoom image, a police

authorizer signature image, and the issue user’s signature image files are copied from

the database 136 into a data processing directory as graphic files (such as .jpg files).
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10 automate conponents of the data processing system

is inplenmented. Image analysis is a process of
walk@saveri ng, identifying and understandi ng paPCEURR04/018375

that are relevant to the performance of an

i mage- based task. One such task is the ability to

autii@tthe abdument @GRbAREE O B8R Gclcbt &NERUR Al #nages ate
information in evi dentl ary inmages. Here the pattern of

T e R IR DT S

aut tlcaII cateth se obj ects rform

docfi IR HE potist RS pawteﬁle%n?ﬂnﬂﬁspel%%?%éﬁelsﬁ theipsran
operator. The advantage of an inmage analysis systemin

ISS“P}%eth@B?“ilqelbf’SNSSﬁ”tﬂsé’@ ¥ bgen is#Hed- dat a processi ng
systemwoul d be that all vehicle, owner and incident
detEigurs 13 Alustrates gmoticeiprevicor displayediin wawserfinteafar oscrean, a
first instance all conplete and thus requiring little

acc@dingrto boe ambodimetdtbdfthe prasynt ifeatieh.eMrnfdloofing detgits appear
anal ysi s can be categorized into three basic areas,

on éa@HVNoh@é’f%' APSREARS hitHe ahddRIFSEE OF eIl L3RI TTdISE G%ﬁil@ 8f the
and hi gh level processing. The categdries formthe

1nc1ﬁél‘r°b'esﬂ19]}‘01ﬁ nlf;]&@éﬁ%‘iﬂﬁges sgs%ﬁeory'tﬂé %ﬁcﬁﬁoﬁ( @#ér%? the location

I‘OCGSSGS that are erent conponents o

oft%%%r%%%‘é%%ﬁ%a”%%xﬁs&?%é%@%y%f@& ARG et At

functions that may be viewed as autonmatic reactions
inclpfiegt is psgtionevhese alhﬂléfrgeri@éﬁ%@ v aeEmbee defgils phide parsge
anal ysis system This classification would enconpass
thatitheygmay wighrie aeimimete asithe drivenidhe vancle suthh tiass, ahwell as
application of a standard set of filters for image
infopmat@slatiag t&what te ategedtiotfchésrahaypd Oif e Dir Bl diesdreeswiitih
the task of extracting and characterizing conponents

the Ql‘legraﬁ&ﬁ OTRe AdticRMndyBELintRbe h QWMnh8Y SlbnRLRCSTIBS HQlice Dificer
classification enconpasses | nmage segnentation-and

thatda%ﬁl%h&é’& thd @n&&%& f(%)rﬁsst-.{?rgg s o"%fehé’é“ and Q’ééaﬁﬁ%ﬁ El%ﬁ?tﬁfédqfthe

egori zin an 1 mage

|n|nvIv he r n||nn|nrr i on
Pern‘%(‘%ﬁﬁisséue thenomeeSt e eCOg tion and interpretatio

Depending upon the computer implementation, the report preview function
may also allow the user to manipulate the notice file, such as print to the notice to a
selected printer, or export the notice to an HTML or text file.

In one embodiment of the present invention, an alleged offender may claim
they are innocent and subsequently nominate another driver. There are two methods
whereby a person may do this. First, the Notice to Appear will have a section on it
that the person may complete and return to the party that issued the notice, or the
person may complete a Certificate of Innocence at a police station and the police will

forward it to the issuing party.

50



10

15

20

10 extracted objects. The application of intelligent
behavi or is nost apparent in this level as it entails

wob@4aapacity to | earn from exanpl e and to genPCEUS204/018375

this knowl edge so that it can be applied in new and

di fferent circumstances. |mage analysis systems

ut i THezdaROprbiaed by stk T vickaonahaioring aRd B&orsigtsysRm

accurately identify, extract, and translate areas of
con%t%/’ch%%% Ze%lgln ViR D iR c B b ARRE RS EidtR trabfe bff&ﬁ'{%i fcfr?aﬁt?arfﬁ@ d

orcenent canera system of Figure
) ner al t he t.echno regui res. the acgui.siti f
viofffBii Busgs OhebiATS! APRrbER bP S Richy e Bl bRt
structurin and .or gani zi n ow ed from one source
conglstsiof a capy %’fe’hﬁ gairs tg agg?agv‘;g,aggmoﬁﬁcégﬁefa EUPP e ViGN TS

areas central to know edge acquisition that requires,
not peressagidy produeeditry thi sysikine Segndosumentstculd; inglyde mienmpdios

expert system First, the 20 domai n nust be eval uated
suppliedisst tae woure ai dhainhef evideacofestifiymy aadg thel integhiey afdhmimmages

suitable for the i mage anal ysis expert system Second,

datd, A8d 8 QlalcmRnPbf RYRRIGdSE nust be identified and
eval uated to ensure that the specific |evel of

Y by the inage anal ysis expert

Im 9%%, paped e ? Third, the specific know edge
acqui sition. techpi,ques and participants need to b
A e e FyTgs sstert i,
objective of the inmage anal ysis expert systemis to_ .

auteipelg campeRenfsRSthe f3fa Dedeessig sysisa ltsrnélﬁi%\wdo pge palysis
data appearing in the photographic evidence captured

is alpyoceangf disqowemig, édetifdingendt unterstending patiems. thajng relgvant to
based canmera systens optically inprint textua

the ipBfformisacé ofarimdgedasél 1@l cOsesuehttaskdathie apilivy tpmapinatically
For exanpl e speed enforcenment camera systens inprint

loc2BhAd RAR McbAR PBite InThE AR 9 evia&ﬁﬁrfﬁnagga.symdhé Pa@an of
and direction'the offending vehicle was travelling,

..t } ' )
5 ERSAE AOB RN h AR RSISATBIE st of o imas
[ . t he ti 1d | dat th ff ....1h
analyis bt Sls g fire et s ogh M fES Gt
extraction of |icense
with the accuracy of a human operator.

The advantage of an image analysis system in the verification process of the
data processing system would be that all vehicle, owner and incident details can be
provided for visual verification at a first instance all complete and thus requiring little
or no manual data entry.

The elements of image analysis can be categorized into three basic areas, low
level processing, intermediate level processing, and high level processing. The
categories form the basis of a framework in describing the various processes that are

inherent components of an autonomous image analysis system.
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10 plate vehicle details that can be used to identify

the of fendi ng vehicle owner. The inmage anal ysis expert
waysamoknowl edge base can be derived from a rROTES200§/018375
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nmet hodol ogi es to capt ure i dentif and extract

k nokfcsagdiatcApyeh prashssingdpakerith theyaskiaf swiredte and 20

obt ai ned from human experts which provides the static
charaptegizong doagenbits ex reghas imagenagedbyloiwslced peodessys t Elms

can derive it's own dynam ¢ know edge by establishing

cladsifRafon efonpALED inddeawBSenthtioe SR eriptioahatiis 0¥ ikdlatton,
own experience. The system achieves this ability

ext&@ﬁ&y%{hd&gééﬁhﬂﬁg F86dbackHANg, thagki ng mechani sm

provi atda processing system 104. The
sys t he i on
y ]tg rggl]vl 2 grqcess?%,mg 1¥/F§ t%ﬁng?ﬁ?%wgﬂr%e‘? r%tlé@%tz{t{bt%gﬂ?é
|rre In's ses insta usiLn 53 e
extizgiod b1ty A PR EE0DA) BLER bSO ihEPeHPDaERS tdbisdeyel
features that may be incorporated in the extract data
as it enghilsthe gapaghip &émﬁom@mphe andiitq generadigp this keowlsdersa
systens, information derived is based on a conclusion

thanibdsn be appliad Fehewhnd difietent vir¢umstanceechani sm val i dati ng
the result, thus if 5 the same inputs are feed into

th ehﬁage%mygm Sy ReHEs LN ISEPRp SO IS B0k, bROss uddl th
ei ther expert system know edge acquisition is

acc%%/agif ?Aehﬁfﬁ%&\f %8%9%%&é’ds %gbnté}@st?ﬁgﬁﬁfed%? Soafifidhin

through di scussi ons I ng scehari os
i i S b S BESERL PL Ab
technology requires the acquisition of knowledge through a process of extracting,
structuring, and organizing knowledge from one source so it can be used in software.
There are three main areas central to knowledge acquisition that requires
consideration in the development of the image analysis expert system. First, the
domain must be evaluated to determine if the type of knowledge in the domain is
suitable for the image analysis expert system. Second, the source of expertise must be
identified and evaluated to ensure that the specific level of knowledge required by the
image analysis expert system is provided. Third, the specific knowledge acquisition

techniques and participants need to be identified.
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interviews and solving the problems wth them and
other simlar ways. In addition to 10 these nethods of

wopeMiiedge acqui sition, the image anal ysi s expRCT/US2004/018375

system can al so draw know edge frominferred
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anyl}{pee éﬁr%%ﬁ??rﬂ%}tfamg%ﬁﬁ%ﬁlgﬁts of the imge processing

systemuysed in the traffic canera office system,
erré\%lgbf ﬁ’éﬂ g%@ﬁ&ﬁ@ﬁ&%@@ﬁ??ﬁl ﬁ%lﬁfmbﬁezs@éigx?%@ag%f%ﬁe
The i mage conputer provides the systemwith all the
offegsq @ire sa¢hnphetogreplo Far exanpletspend arldreement squicracsysiems
i ssuing an infringenment notice. 20 For a speed
imprinf onto gecteimagef inforimatige syzhas asmiurgd spycetl emi dirkdtioprtby i de
two digital inages of each offense, one a

offen@iMigveEiRl dWhPanBirEl PR shEl 256 BhdldckGor e hReradival t al
version of the original imge, the other a

i ghr ' 1 i I r
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2004/ 111971 PCT/ US2004/ 01837 Figqure S5 illustrates a

Platwﬁ@e%d%g%é&ﬁteaw useg e @ﬁgag&h@a enERGYehiel OBt he
i mage processing system according to one enbodi nent
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screen 500 includes several different inmage areas. An
of someegesuch as tdx¢baoks, anamalsand sspllatyecmodelsliaithbwh the eare
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knoMddRB 6 d@iveaom Burhsn S4pRWE. THe BB 8pehts BRnR@Res #AY not
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. Do . i- : fi q
nec%ﬁ?@g@ tedHich %&Bﬁrc%‘g{u't g'frag AL thgg'?ﬁgto?{(ﬂfetfsgﬁ ol
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syt bR P b Ehbi B Pec i B or

hi gh- speed _fil m scanner

technical issues. This type of inferred knowledge obtained indirectly by these experts

does provide a useful resource for the knowledge base.

Knowledge acquisition embodies several processes and methodologies to
capture, identify, and extract knowledge. Although fundamentally, knowledge is
obtained from human experts which provides the static core or base line, the image
analysis expert system can derive it’s own dynamic knowledge by establishing trends
or common themes, in essence drawn from it’s own experience. The system achieves
this ability through a unique feedback and tracking mechanism provided by the data
processing system 104. The system has the ability to determine if the information

provided is correctly within a relatively short time (in some cases instantly — using
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under the control of a file 10 arbitrator.
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traffic camera office infringenent processing system
chek nents, according to one enbodi ment of the present
Invention. Also illustrated 15 in Figure 12 are the

co ts t are .enconpassed. t he | e,.
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digital form The file arbitrator 1202 provides
the sene Hptsade fed drle thoexped sysomothcsame cdatlasiomhare immdge
20 conputer 1214 within the inmage processing system
WithZitBerpmapbub spserh hlenqwledgeragquisitige is ypRbls behitvaalsy dselvirg
the primary interface between database 1208 and the
an &x¥tt dbigt kel probl@AE $hrdddifdisAis¥iBhd, by batliRs sedrtib®With2R5
provi des a nechani sm of visual nmanual adjudi cation of
xRt il oalPbe FRSCA RN W BERTH b PIeR! (et A b b B on
. . 1s correct .and t he offenge.conplj with all 2 e
inte e GO GaRBh MGBs G FRAR difer il ymo e afdition to
i ssued. to_the_ vehicle ower. 55 WD 2004/111971
thegsaggt Apowiestes acqpgitian Y ipnage enalyss pxRerusysten ean adsed
to validate any offense that may have been rejected
draw knpwipdeh &opeinidriesldmontedga abtaifieddiydhe vanifiqatior esd  of
the traffic canmera office business flow Database
adjudi@Bionmyodesses’ auelitattdilo nidwidghadadan odd tdsultSoldhe same set of
IngressTM Rel ati onal Database system runni ng under a

inptlll I DR K RIhA) Br St BINrbIdBHrcEd6r ikFutS a PRRBIERn the proplem
f |

platform It provides the central repository for a

donPh 3nki e&‘gﬁﬁlgar%eftﬂ&%,e i mges and data, audit trail

and archiving. [n one enbodi nent, the inmage anal ysis

expert. s sterp 1220 provi des .the imanqe ;
e 1mage analysis expert system and image coniputer are the primary

components of the image processing system used in the traffic camera office system
employing an automatic infringement processing system. The image computer
provides the system with all the offense information in electronic form required in
issuing an infringement notice.

For a speed infringement, the image processing system will provide two
digital images of each offense, one a low-resolution version representative from a
digital version of the original image, the other a high-resolution extraction of the
license plate area only. In addition, textual offense detailé appearing in captured

image is extracted using Optical Character Recognition (OCR) processes.
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the data 20 bl ock (containing the offense details),
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data bl oc rebuil ds m ssing or broken characters, and
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offendln hi.cle is searched. On th
S o ol ey PSR Sibiet B hesoBrnl il 1
are determ ned, including jurisdiction. A low

10 arbitratas) mﬁﬂ@aemm@femr@slg opgticallyatrelisd bgébmm?@et he
entire imge is then produced, and a high resol ution
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verifita@én g&torand OCR text data is transferred to the
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15 in l%:igxllﬁel ﬁgegthgg pg@ﬂtﬂ% %‘ﬁﬁg?o%ﬁ%d%gl the mage processmg

system.

Raw digital images of the offenses either obtained directly from the field
digital cameras or scanned 35mm wet film converted into a digital form. The file
arbitrator 1202 provides serialized access to the raw offense data. The image

20  computer 1214 within the image processing system 1210 performs the primary image
analysis tasks and is the primary interface between database 1208 and the raw digital
images 1216. A verification station 1206 provides a mechanism of visual manual
adjudication of actual offense and information provided by the image processing
system 1210. If the information provided is cotrect and the offense complies with all

25  appropriate business rules then the infringement is issued to the vehicle owner.
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10 effec¥elyi on to hel p establish constants or trends (that
is a site/canmera profile). 57 WO 2004/111971
PCTR¢gapd) ess/0f e8R7@EmMedhtype aH énfringementtimages ase tatemied it be
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traffiaBare@esicd for prodadsingihelndmaall therinditn goargptidietailsinamt S
processing a new inage file. Since the first task of

eledtfiBid foRHSs GRIRY LRAmes delup BAENRNbRh&t IEE vARSIANHE |o?§ﬂﬁ%or is

area, the image analysis expert system can supp

reqﬁi%%s&%‘ei@ Ce\(’c;i' n%&ﬁgarsﬁ%ﬁf%fd (Qg gf\rl\xfé %%n{aﬁ%a&sla
SRV M Y e

knowledge that can aid the image analysis process.

A file arbitrator 1202 detects the new image file, and initiates the image
computer 1214 to start the image analysis process. The image computer then
* validates the image file, extracts from the file the area of the image bounding the data

20  block (containing the offense details), segments and represents the characters within

the data block, rebuilds missing or broken characters, and translates the character

objects in the text by the process of OCR. Next, the license plate of the offending

vehicle is searched. Once it is found, the area is extracted for OCR, the license plate

details are determined, including jurisdiction. A low resolution JPEG compressed

25  image representing the entire image is then produced, and a high resolution JPEG

56



10

15

20

In the event that the processing scenario provided was
unsuccessful, the imge analysis expert system can
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the eppsatesis to sintply copfinbthe offenssrdstadls qutomatispldy edragtedry the
automati c successful/failure nmechani smexists (as

imagé cdmpiter. dane thésecktadhbave ey confiraeddyuthe)vehicld dvinoa glhtails
the license plate |location can be confirmed with the

are §dafthedl ahd pred@nbdioresitentl 86 s{itax valRkREdn O DnedaRSkehichd ovdbier
| east the first few recorded of fenses. Here the canera

detaflQ aRPRINBERAE, 1R bagd id t t]?egc?i i
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3 | 1 wever i the offense is viewed at

md§%§%§§fiag%8§?|l\gﬁyngae{l{%%o“tcﬁ'e actual 1inmage analysis
perfornmed by the image ut er cagnnot be validated
ipgpE e @ﬁ@roqeﬁ%@re\g%rhéo%%@ﬁe%%ﬁcw effice sntRpgement
acquire the know edge unless a verification 25

progessing pysjent evishls seera ppereurtijigssor thevimigagiedysisf expatisysiew
filmor deploynent. 58 WO 2004/111971

to agiiveld8d 00t kBB édge. THremah¢ begdinning bf the@hioacenpend pesessiran
al so influence the know edge acquiring process of the

cycle@@a batsib Y SintreReek tHesifEtate ofidY, tRGnohGedge
verification operator wth sinple questions each tine

@siih iEesduhd S made to any part of the provided
acqo?lgense at%gl.gl Al ternative knowl edge can be inferred by
an Zin corrections, and usi ness rule .
oot heihob. Jfe SRl FihER ARy Pna Sed RERE0s Piiitedns fpaee
t hat particul ar .
analysis expert system useful dynamic or temporary knowledge about the deployment

configuration and environment that can be useful in the license plate extraction and
OCR process. Information describing the weather condition, traffic direction and
condition, the number of lanes monitored, and the lane the first few offending
vehicles were traveling in, all provide useful information for the image processing
system. Even though the acquired knowledge is stored temporarily (until the
complete deployment has been successfully processed) archival information can also
be created/updated about the camera and deployment location to help establish

constants or trends (that is a site/camera profile).

57



10

15

20

25

i nfringement was unsuccessful. Figure 13 illustrates

the functional conponents of the inmage anal ysis expert
waeysamoir20, according to one enbodi nent of tPET/US2004/018375

present invention. The acquiring nodule 1302 provides
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arameters to 15 performthe required i mage
bloclslesatien imifeimages . Aqueapepyiag thinkugyslsdee wowldadso hedhg best
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extratianiasd OCR psicesstto asal(ihdndjng therhestapeafoamthgawmdmefensht i on

paraneters for the inage conputers. The | ocal

datpbresed that th€proRSssa ssémriageofided wasaducesifohthe image
training set and tenplate characters. 20 The know edge

B FLr A01) RSt ke e ok

procgigﬁ%%\.'{ g@xﬁ%ﬁﬂ%& g:?& S{R@gsges;ja% ?eco%rcilggr?ygﬂ@ %n%%%rﬁg&& e%e?f)

I g CONfT gura ar a

character tenpl ates used t he QCR process and

systfa FArOHBg thqlgfom??fgze D aRGrAgICe M&%ﬁﬁ%ﬁ PE{raRse
provides the image conputer with a 25 predefined |

and sffisirncy o Here thelsneasss and fatlure kpewledge fsdmoni 1h geah dimesyidh the
successful inmage 59 WO 2004/111971 PCT/ US2004/ 018375

aid afitht yiseck digit featnee ofihkidita bdddker Expert Systens, the
combi nation of processing scenarios is relatively few

Si NNt iRERRgh Sophtér Begiisthé Bebnde plags seafchvwnyl exadiiaha
bl ock of an offense inage can be extracted. However,

o4 AR ALY S RABSE 0 6 e s nbye
peﬂ%%l[l HE %)ﬁ)rcgssu\nsf’f%ﬁj th%%est performing algorithms and parameter scenatio so
far. Here the feedback of success or failure of the process is delayed as no automatic
successful/failure mechanism exists (as with the data block check digit feature).
Although the license plate location can be confirmed with the aid of the deployment
log (for speed offenses) for at least the first few recorded offenses. Here the camera
operator is required to record against each frame number which lane the offending
vehicle was travelling.

However, until the offense is viewed at the verification station the actual
image analysis performed by the image computer cannot be validated and hence the

image analysis expert system cannot acquire the knowledge unless a verification

priority is placed on the first few images of each new film or deployment.
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tracked 15 through the traffic camera office
business iuiryeirsten pr drt@gunnyhy (hetselected preneanior Hiet particalar
success or failure is analyzed, allowing for real tine
infringemehtwasugnsocesdfel. syst em Al t hough t he know edge -
obt ai ned may only be used on a tenporary basis (that

I s mghy 13filiistiadi® the!fnRbndd abePonents MBS inGae dBBlysis expert
recorded and if need be the static know edge can be
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| evel of sophistication enployed by the imge
the yeofestion statiop ot amalyzd fism thocystamedit tri/sysigmooudiors375
Performance nonitoring is a nethod of fine-tuning or
knoddtdztdcqairgbbomithagaffia ramysi offictinfdmgemenThrecemtigataiabase.
used is sinply the correlation and anal ysis of

st athSkAFedR prydidef 17018 BRlprimMP i@ ead tRVWiage E@puters,
the fine-tuning that may be required due to small

an .r?giﬁ%sg{}&@ grgi? %Jr %ogﬁﬂﬁémithqﬁ@ hQ%EBR in?Qahibh 9GRS p¥hehirs to

perform the required image processing tasks.

The local database 1306 serves as the central repository for all knowledge,
performance statistics, short and long term data and configuration parameters for the
image computers. The local database also serves as storage for neural network
training set and template characters.

The knowledge graphical user interface (GUI) provides the user with the
ability to display, modify, and delete the knowledge and database data. The
knowledge GUI also allows the updating configuration parameters, character
templates used by the OCR process and neural net training.

The image analysis expert system provides the image computer with a

predefined scenario or collection of rules to follow to achieve a successful image
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systégcess to main traffic camera office infringement
processing database can provi de indirect know edge to

th {
bt %ﬁ%&ﬁ@ %‘fﬁf?@f R the SERRER GLR BRI PPy
r ocess. . 0 nt,, i nf.ormatj on and
ai R AL RS '% Hsﬁf‘g?fﬁ FURE o SRS E FERIERS0 ! de
useabl e knomﬂed?e for the inmage _anal ysis expert
emplgy¥adehyt thp emagreagalyeis eppere F@temmefg@ﬂ@elmwtfﬁ@l toFtsdy
anal ysis expert systemcontains all the imge
deliperateds spiphgng Rifferéns dyegeprdcéssimgescananpsibeparameter adjustments
configurational/operational paraneters. The | ocal 25
to ifipfbalsepefoe@amRsSSes both static and dynamic data. The
structure of the database 61 WO 2004/111971
PCTHh 47 RO ikitAY ths@ﬁ%&f&bxraﬁ% fa&ne@aﬁth@bégﬁﬁhgfofa

t he know edge and data aracter tenpl ates and

new IOt bR wf BRBbRfy ST TR PLSE PR SR8k E T acied
throlugl\{ %’?et tlra? 1c an\{eera%%e ce 1ng‘?r?gre}n%re1td pr%gessmg system. Information on the

success or failure is analyzed, allowing for real time fine-tuning of the system.
Although the knowledge obtained may only be used on a temporary basis (that is only
for the current batch), trends can be recorded and if need be the static knoWledge can
be upgraded.

In reference to the image processing system, a ‘scenario’ is a collection of
image processing rules by which the image computer follows to produce a successful
image analysis outcome. The mechanism by which these rules are stored and the
knowledge endowed to the image computer depends on the level of sophistication

employed by the image processing system.
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deployed in traffic environnents involving red |ight

or stop sign offenses at 5 intersections, it is to be
woeaedidhat alternative enbodi nents can be depbPOyes200#018375

other traffic environnments. For exanple, the traffic

violation nonitoring and reporting system can be

de Heapatarmn thdsiefing isan@etod bof Ghelbudhg s10ddedcting Ppobdeintgae

if vehicles are speeding. Mreover, enbodi ments may

anally§i§ bHEBned CTﬁé &b&fanfsﬁ{ udeasyglﬁ@m'e tobRbRtiOK &&zﬁﬁﬁ@s@&
or a single incident. For exanple, a red |ght camera

statl\éﬁég]de?le &¢ ﬁoﬁlrl%glkﬁlﬂg d%@ 'ﬂllgﬁ{n%cﬁm th%r}ﬂw ex %%@ﬂred

running a re
form se te notic r the r
due i gl é&%@%@s% mﬁﬁsﬁomnwggﬁm fﬁie%%fa RSt fern
notice recording all offenses.  |Inmage Security 15
5  for aspssionfiveo fuadenentaldngidedegt Seenseinstasisticside & seroad dype of
various nethods to ensure the security and integrity
statisficAl detadhajictiabe corejaed bivedupenl datct sbamatia ogtspmes and
intersection. In one enbodi nent of the present

scerlafy&/atihms witudifferentqRyaratyipi Dgdsaphy et hods are
utilized in the functionality of the digital canera

|90 biAthay Shinerit (Y kithBhge ARIREARRIIROGade®

at ‘the point of capture 1n the dlglta

ana%%?%g‘%rf Bt o ek %’%&% B s knRiefBE frobl (€ Verification
10 station, Knowi tgg‘g{e&ﬁ%ﬁgnw P B BT, (et e R i

this process at this early stage elimnates the need
aregprly g)seurdly 15eogménsd), pre‘fahgﬂtstpase Rl iseleefiongincppect dynamic
storage, transfer, and handling of data. In one
extrectibmathresinholdf andmhqzrrsasle intfoinmientis weed iv dedvainigmss refult of
known public-key 25 and secret-key encryption systemns
smngﬁﬁ gused to inplenent digital envel ope 62 WO
004/ 111971 PCT/ US2004/ 018375 cryptography for the

0 4t A A, FARCBARAS B g
15 e%%a%gst ?sdth\éwgoer?g Y ec[en’ﬁﬁgz{tl%nl ot tRY ana%e t1t%51?t Aoc%mtn?on tlﬁ%me or
key must be employed by the verification module, audit system, database, image
computer and image analysis expert sub-systems.
Access to main traffic camera office infringement processing database can
provide indirect knowledge to the image analysis expert system that cannot be
20  obtained directly from the images or verification process. For‘exa;mple, deployment
log information and other additional film and location information provide useable
knowledge for the image analysis expert system and image computers.
The core of the image analysis expert system contains all the image processing

knowledge and image computer configurational/operational parameters. The local

25  database encompasses both static and dynamic data. The structure of the database
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system The certificate nom nates rel evant system
details including the canera's serial nunber and
wao@phi®si an i dentifiable public key for the pPeT/US208018375
canmera system 5 Later, this public key is used to
identify the specific source for each set of evidence
may vayclispenylingen thetfarnppHihe ksowlpdgy suddata. A€haracthr wifpdgiescand
occurs, the canera system collects rel evant evi dence
NeurahiNetwoirls tra@ifietsSagly sifo be stordden this databa®nt s or
“properties', including the various inmage files, the

S PRAHoEIM dnbddGerts Hﬁh@%réééﬁt%ﬂ%ti@ﬁ HaPOb R deddiDeg agrer a
systemthen uses all the 10 details of its current,

[ i gt al k£ . huj . i on by
depl Sl BB I B i bt o BRSO, Mg
.. algorithns., Th S unction,is. a one- uat |
interfopfiShe, i e wed @i bleriEfien SHbbliiel? G temeo BIvE nhars

it occurs with its _own, unique digital signature, The
traffig gpwirenmens. chertepampls Biedwiiigvnlagipon mniterigy agd reporting
properties for an offense 15 into an of fense dat abase
systeanchnheadapboyetliand nsedtahengsysitetah of read toatetaminoif véhisies gre
for exanple, the McrosoftTM Message Queue server
speediipbox) . The out box server then breaks all the
information in the offense database into snaller, nore

eaRidr¥ovet, lRBORRAIALISY BRAIRS0ilifEs foPlsHihing MNP Bfensedf
information. It then applies another unique digital ,

for afé%r%@fn%fﬁntt. %oy %g%n&g%lf&hehfgg? {: i rh W?th%'ﬂ@éd t?%égﬁ}é can detect

nr ques above re are‘reno

co ni cat.i ons .such as tel n | S fiber onpti.c,
and GG IR BONE FUERAE & SRR o The RS BRURG gpa be 5 the

processi ng syste t he signed packets can be
formeqfseparatgingtir¢sy one @n Sreaped Hahimftanse ard onefer thetspesiing

processing using a Virtual Private Network. |In one
offeresepardineemtice tdoerdiey @l pifosessi ng syst em server secures

the transm ssion process by using IP SEC, a standard
ImaddBeRARL protocol that is widely used 25 to protect

el ectronic transni ssions over unprotected public

PﬁEﬁﬁBhﬁnent@g’f MO0 ikt ARG iR o%?%ét‘u@ L83 s 1Y\6R%use

ere I's no renote communication to canera site,
the stecl:,]uerit§ b1 ?n(iiegrity of the digital images obtained at the target intersection. In

one embodiment of the present invention, public key cryptography methods are
utilized in the functionality of the digital camera imaging system. The original
violation evidence is encrypted at the point of capture in the digital camera system
102 of Figure 1A. As each pixel within the CCD is discharged outside the module,
they are converted into a digital stream and encrypted in real time preserving its
original raw form. Applying this process at this early stage eliminates the need for
special purpose peripheral devices for the storage, transfer, and handling of data.

In one embodiment of the present invention, variations of known public-key

and secret-key encryption systems are used to implement digital envelope
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packets may be either downl oaded to renovabl e nedi a
(e.g., disks), for physical transport to the data

w@er@aaserng system or downl oaded to a canera PCT/US2004/018375

operator's nobile conputer for transfer to the

system 5 Each signed packet is received at the data
crygipgyeriysion thesdigita ivalffic cameeralsystem. pEathesmiangsyshesi snssigned a

out box server, which decrypts the mni-envel ope
unipeakgitad catificata tian idetieatel wheheek thekdiis aayibiieratibeid the Of

their signatures. The original offense database is

o P ( ! ; :  os 1
systtie IThe @afFRAR rﬁ%nﬁ&t@sl’@ele‘gfﬁ?t\(e‘sgg%ﬁ#ﬁta?.sg%gdﬂﬁ%ﬁ{éet{aﬂe?ass 0

recreate the original uni que

i gi i : s i.s_ then
soridl ApivZt Sl SORNHL S e B MBRERED Yor e bP%PHr amgparysem.
t.hus fining t ane that. originally captured the
Lot IR D KO Rchsbt FEinans FeSiGRspYeBfonsisk Spebpeegee
c%by ﬁogfi rmng . that its original digital signature is
reachifigdhe dafa ArassEiinesste. The original properties with
their intact, authenticated digital signatures are
t he¥s sach panseoctins, the cgheralsystehabBsms (dlevant eviddnommhich is
15 evidence) for the offense. The data processing

compyisddenti d menbes of elehrentshe ‘slapatian dint REHR thé ¢iouseRUES B,
for <citation processing, copies these, and works on

the pe6d B8R the BhRDF ofRBs<nd3hb 8! Thi lcee sS/E'tte%trtggi fiseks A3 -

aut henti cated, digital signatures are”s

dotaft$ pﬁ@&&keﬁ@ﬁk{@n@?E&%h@&e 1 PhTRY M%sflyéé%g{agg)y;agg@gge

ense. every access o
e of the

is. 20 | ed to ,an audjt chain so the_]i he .
recog iz RS ey s BaPy Bt LA R b unciionss 2 one-
scrambl ed signatures alerting corruption or alteration
waysuatiop thatis BSegte ‘sisn’ agelproperty pf beedfnsapas iPpoueswith s

can only proceed on evidence that has been confirnmed
ownaunigue digitel sgnaBreh an encrypti on and aut hori zati on
systemis useful for deploynent in jurisdictions that

al Mhechmera systemcttien places@hcitlbtht 8lgn8Y pAPBERs f6i4n\8ense
2004/ 111971 PCT/ US2004/ 018375 The application of

into dh BtfeAde kK MdETadeRthid [thE S FstdrAW sERELEGBIE MsirdeOFort NE
example, the Microsoft™ Message Queue server outbox). The outbox server then
breaks all the information in the offense database into smaller, more easily
transportable packets, or ‘mini-envelopes’, of information. It then applies another
unique digital signature to each packet (using the public key techhiques above).
Where there are remote communications such as telephone, ISDN, fiber optic,
and so on, between the camera site and the data processing system, the signed packets
can be electronically transferred over the Internet for processing using a Virtual
Private Network, In one embodiment, the data processing system server secures the
transmission process by using IP SEC, a standard Internet protocol that is widely used

to protect electronic transmissions over unprotected public networks.
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pur poses of offense authentication provides for a

nmet hod of securing data integrity that is independent
w@bootheonedi a that it is stored and/ or transni PCEUSING/018375

The process provides for nmechanismof identifying the

capture source (that is the canera system) 5 and

| egVheradlesye isaw tieoteseanarmenicationtth ehef Gameresitep fhet signed

present application and described herein, aspects of
pacltdiempy bs eitlier idowaltadedto@mobeblé fietirnelat, @ikke)) férishysical

nore conputers executing software instructions.

tranégorOodhd\@ath PrR BRI BRI lowhlohdia ttQ Leaflta 01%6?%&% 8Bite

server and client conmputer systens transmt

[ 0 t t Kk t andar d
coﬂj?gﬁg&\%grﬁgggepto%gﬁs@eﬁ conput er network or standar

I ne. e Steps of accessing, downl oadi ng,
and mani pul ati ng the data, as well as other aspects of
t hétaph eigeed packuias réoeived atthe idatal peo@RsiAg syerk BY tlicAdata
processing units (CPU) in the server and client
prodeSsiityRtetn’s 8uB6X kbier, %%h%%@%tsghe hﬁﬁit—érﬁ%go?g gﬁclge'{soa[n%d

in a nmenory. The nmenory may be random SS nenory

-anl - ! rsi stent .store
oy GBS L BRI Yor ey FhEDABBBIR on
f thgse devices, .Executi.on af the sequences of .
dataBise it {IBF oI GO Hhcv ot Enada PR Hr SOdREoRe e e
to enbodi nents of the present invention. The
offepseilfuct i ons may be | oaded into the menory of the
server or client conputers froma storage device or
f r dhe onigue digite} & guatimsroncaoippoperty jsshemsuthergicaiad t@entify
net wor k connection. For exanple, a client conputer nay
the soneseifilie Eropatu@neadefiningthé tambdrh Gids ofiSinhNe cHRHNB khe
conmputer in response to a nessage transmtted to the

evidéhde§bhnd veMBY thd iMtBE 9 of (Y pioprty p{%%g{lﬁn@lg{(tﬂa iBIneAal

recei ves the instructions over

digitggér] gxga‘rfﬁfﬁgé;inﬁcg ?.IZ& %aqt%retdg.teTﬁp S %ﬁéltﬂr&ge?ﬁ%sgwgﬁ Hpeglyihtagtt] €

e Instructl

execution, .or it nma xecute the instructions as they

authEaticalsl digiial SleREFeS A RN 58T il eRel daebats-.c.o REmATY

..the downl oaded instructions may be directly supported
evidgiee) g theroifensg/ 111971 PCT/ US2004/ 018375

The data processing system then selects the data and image items required for
citation processing, copies these, and works on the duplicates. The original files with
their intact, authenticated, digital signatures are stored separately as the protected
primary evidence for the offense. From then, every access or attempted access is
logged to an audit chain so the life of the offense is completely accountable.

Any files with scrambled signatures alerting corruption or alteration of
evidence are not sent for processing. Processing can only proceed on evidence that
has been confirmed as authentic. Such an encryption and authorization system is

useful for deployment in jurisdictions that allow the introduction of digital evidence.
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the CPU. In other cases, the instructions may not be
directly executable by the CPU, and may instead be

wez@aaiwdi by an interpreter that interprets theCT/US2004/018375

instructions. In other enbodinents, hardw red
circuitry may be used in place of, or in conbination

W tTthe appRéati6RE dightal sipisdtines for iR ffidRives o cehb® foF gisent
i nvention. Thus, the present invention 5 is not

purpdst b8H1dn00 Ao REGHT oy RRERIAGhAREY Of scBRIANEAE integrity

circuitry a ware, nor any partic
f.or .the . nstr.uctien ecuted by, the se [ client
tat i ok ok U RBA T AGE MR i Rl ol onoBs

descri bed for auto ically nonitori and reportin
ProYiics fohEIEEaH pLPRANEIS FARGHE SPse (AL SESYSHN

still photo and video data. Al though the present
andlegiémesson has been described with reference to 10

speci fic exenplary enbodi nents, it will be evident

t has Nlastratedsinrthel figea bf thepresant apphcgies amd yetneibed Heretry

t hese enbodi nents w thout departing fromthe broader

aspédd &1l the prReBht §6RAR0VMaY B imPletithicddndhe D8 ndr®Edhiputtrst he
claims. Accordingly, the specification and draw ngs

exe@ifglsBiRare iRIRIHEHS. ﬁc&?di%ltdé%%er ﬁlﬁl@y%ﬂt&%e prBat 2

restrictive sense. 15 66 4
.. PCT/ US2004/ 375 Al V6 What is.clained is: 5 1. A
inv Ry ey P AP FomBnet Bty e apfreteng Badiethc  a
conbbh i P b IR 54 B e kg

one or nore digital video caneras nounted at the fixed
and mpapifyldingsbaditerns veelbast alleriagpects afitberprsenitt inygnten a1

detect when a vehicle has inproperly crossed 10 a
implenfieteiigeceptrhinroadssinpg @nfts (ERU} inahd setvdrandclient;computers

buffer nmenory for storing video data recorded by the
exeOitgQequBRES dligdthrtions/dieled i ARARSy. The memory may be a

P

random access memory (RAM), read-only memory (ROM), a persistent store, such as
a mass storage device, or any combination of these devices. Execution of the
sequences of instructions causes the CPU to perform steps according to embodiments
of the present invention.

The instructions may be loaded into the memory of the server or client
computers from a storage device or from one or more other computer systems over a
network connection. For example, a client computer may transmit a sequence of
instructions to the server computer in response to a message transmitted to the client
over a network by the server. As the server receives the instructions over the network
connection, it stores the instructions in memory. The server may store the instructions
for later execution, or it may execute the instructions as they arrive over the network

connection. In some cases, the downloaded instructions may be directly supported by
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a data processing systemcoupled to the enforcenent
canera system the data processing system conprising
wa@nromegel processor for conpiling vehicle and BCENS2004/618375
i mages produced by the one or nore digital stil
canmeras, an integration systemfor conbining the
the VR Th 6thaNchsss; EREnstrRE6Ss vy Rotbendifectlp Bx&@futdblecb wingd P,
data recorded by the one or nore digital video

and HRYEEAS bR exatifRe VPPt @brefd: M inkerhbtid IRhintROBEASS ITHGiifer
tiher coupled to t'he detection 20 system and wherein

t he enf orcer . ' ond i.our QL .
cmbbifneilt e e i CART e hETH FRdlh b Pl Rush Bl
a potential traffic vjolation by the_yehicle.
sofrgBresiisHom G BIenY {1 Breseapr gy THE g essey

. recorder configured to  extract fromthe buffer a
5  isnofilisiteddp ppy secilisecopiingiiopof handyrrg eirauitsy and witwaps ngyto
WD 2004/ 111971 PCT/ US2004/ 018375 4. The system of
any phrgicuiaBsduuee foethevhstruetions dxecwiedi by thel sepret onpltang egmputers.
first portion corresponding to a first predeterm ned
NUMR e fofegbRGON Shstadh hal bded dbdtgibed Catrauessaically tdvgitoring
potential traffic violation and a second portion
HERAA h@ of RaflicSAGIRMGhs tRAGAKHESrHieR BOthUIRRLLind
andg%%on S 5%%n1€heaogcurrénge of therpgtentiaPH?#affic
.+ 5 violatio 0 t ' i
videB bl ot S e B eflont i R Bl I ebired o
C rises one Qr nore inductjve |oops enbedded in the
10 spec G Er s e BR ek SdeBG e GER RS od g tions
i nducti ve | oops operable to sense the presence of the |
changsh imalyetmadeie these embedjments wittpuhgepseinecrem dhebrogder ppigit
systemof claim6 further conprising one or nore
and ptape@f dhesinvertionss sétforth pl the ethimelj Acentingly, thesspecificaion
nore inductive | oops, the piezo-electric strips

and GREVIAR fre td Be £RASIEA i PRSEATCSatdEr thiea Y&idive stideough
pressure exerted by the weight of the 15 vehicle.

. The
5wenhon

4
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7. The systemof claim1l wherein the detection system
conprises a virtual loop digital signal processing
worradiiel97iwherein a virtual |loop is defined in petreukioed/ais37s
of view recorded by the one or nore video caneras,
and the nodule is operable to sense the 20 presence of
the vehicle when it is at |east partially present in
an area defined by the virtual |oop at an inproper
cLAI®. 8. The systemof claim2 wherein the data
T processing systemfurther conprises a frame editor
erable to separate the franmes of the portion
vaﬂ 9?@%&$fgeo data 25 recorded by the one or nore
dlgltal vi deo caneras into one or nore individua
frames, 68 WD 2004/111971 PCT/ US2004/018375 and to
stanp each of the individual frames with data
L. egnpamerg sysiemSon apmifosingiangd penosting 2 pptgniial r‘ifaffy’ viglation,
nmet hod of producing primary evidence of a traffic
comprisingt i on at a traffic 5 location, conprising the
steps of: generating a plurality of digital stil
i magesr aforé Higithlr #iflIf dametis @hdinkedvit a fixed italfie lobsticst i | |
images in a primry image database; generating a video
clige ®f nfdd@ dfottal Vilio Rl thQihtSPRRAS SkaBAFHL N6t on;
period of time prior to the traffic violation and a

SEG o&?ec%%ﬁ 52{3 C oﬁﬁﬁe&jﬁﬂ.rd fLL¢ gfﬂgn FULRLIHIS irh ?éﬂlf crl»gsed

vi ol ation, I'p in a seconda
at abase,; d .as t|n the video clip wth the
aregelreqcp pPH’é@e@‘ fﬁng%ﬁff% IPB\H ew by |aw enf or cement
personnel . 15 10. The nethod of claim9 furt
c ordrufsr mpmask feprstgypgafideodistagenprdgd Ay éhﬁﬂnemy émfge digiab
Ioop of the traffic location fromthe video; storing
viddohmaneoast i nuous video | oop in buffer menory; detecting
the occurrence of the potential traffic violation;

a data processing system coupled to the enforcement camera system, the data
processing system comprising an image processor for compiling vehicle and scene
images produced by the one or more digital still cameras, an integration system for
combining the vehicle and scene images with a portion of the video data recorded by

the one or more digital video cameras.
2. The system of claim 1 further comprising a timer coupled to the detection
systerﬂ, and wherein the enforcement camera system is configured to start the timer

upon a detection by the detection system of a potential traffic violation by the vehicle.

3. The system of claim 2 further comprising a video clip recorder configured to

extract from the buffer a video clip of the potential traffic violation.
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starting a tinmer upon the detection of the occurrence
of the potential traffic 20 violation; stopping the
wWo 2overn119pon conpl eti on of the timer period; anBCT/US2004/018375
extracting a video clip of the potential traffic
violation corresponding to a predetermned tine
4. perhedysusm oF clain ddiititdr vdiRredh tHeh@deoeli doaeReod fitdiportion
traffic violation to the conpletion of the tiner

corré_légfnilcﬁﬂ 12 RY pyéi@et%gﬁﬂm/e& AdBidr J7GEéddad 8RSt kBS dscurikdee of

e method of claim9 wherein the detection step

o I ] he_sten 0 I h
the pfi%?l@# BT Ao P OGO cor R p ARRE G hnd 17

ocatiQn through a chan in a ic field i
prede SRR RUET LS R g oo trdes P ot e o
~ The nethod of claim1l wherein the detection step
violasismyp itheeend; dfdhes timpr Retioddet ecti ng t he presence of the

vehicle at an unlawful speed in the fixed traffic

|l ocation through the use of piezo-electric sensors
sensing the weight of the vehicle as its tires pass

5. throgghsttmefrtiakad whaéihitlge doetionepsteth@oiprisdsunerae hivvel
of claim9 wherein the detection step conprises the

indu} i%’ﬁ)ogé emb8Edclth AR rbal dbEicl pRxEnAE thd BXEd 186ATREMe DY

e one or nore video caneras, a virtual |oop; and

o BRI R0 RIS GLL S g YA

presence of the vehicle when it is at |least partially
nm%ﬁﬁéégﬂ@'in an area defined by the virtual |oop at an

i mproper tinme. 14. The nmethod of claim10 further

conprising the step of incorporating the vi.deo

6. The system of claim 6 further comprising one or more piezo-electric strips
placed adjacent to the one or more inductive loops, the piezo-eleciric strips operable
to sense the presence of the vehicle through pressure exerted by the weight of the

vehicle.

7. The system of claim 1 wherein the detection system comprises a virtuall loop
digital signal processing module, wherein a virtual loop is defined in the field of view
recorded by the one or more video cameras, and the module is operable to sense the
presence of the vehicle when it is at least partially present in an area defined by the

virtual loop at an improper time.

8. The system of claim 2 wherein the data processing system further comprises a
frame editor process operable to separate the frames of the portion of the video data

recorded by the one or more digital video cameras into one or more individual frames,
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clipwth the plurality of images for review by |aw
enforcenent personnel. 20 15. The nethod of claim?9
wo moosher7conpri sing the steps of: separati ng peEUS200€018375
clip into one or nore separate franes; and editing
each frame of the one or nore separate franes to
and ite) sthmgeackad Bthe eghvidual granies with &md reghrdingatht ipotential traffic
violation. 25 70 WD 2004/111971 PCT/ US2004/ 018375
violdfen. The nmet hod of claim9 wherein the plurality of
i mages are obtained by a digital still canmera system
| ocated at a fixed traffic |ocation, and wherein the
video loop is obtained by a digital video canera
system. ocated.at the fixed traffic l.ocation. .
9. Theh FBYHEL RO itine A AERensr Gt e S st e Yl
iymages and video clip are provided to a user through a
5 locajjen. aaaising tpsteps pht er f ace, and wherein the video
clip is displayed in a sub-w ndow provided in the
i ntgsnérating a pBirality ofidigital ¥ilsimages ofrtherbmafficoritlaiornd
reporting a potential traffic violation, 10
C orgisrirsy the stild tRages imd pAmeiydiniagt duiabese; canmer as nount ed
at the fixed traffic location; a detection system

Corfehedfifs a tvtled &1if GF the Rt @vibeiHof lcBmp@Sink AHrARRELY of time

i
crossed a reference point at the fixed Fraffic

pricy 9§ &%g%@ﬁ%gio toh Gha TRORLY fgﬁ%ﬂl gf %F Hﬂﬁé S0, AR trafric

recor € one of no vi deo caner as;
10 . a.video clip recorder configured to extract fromthe
Violgli¢er a video clip of the potential traffic
violation; and a data processing system coupled to the
enférEeHhe videa sHp &1 & fecpBdary teeedlatabasgi@Bdessi ng syst em
conprising an i mage processor for conpiling vehicle
anchssadatimg the video clip with the still images for on-line review by law

enforcement personnel.

15 10.  The method of claim 9 further comprising the steps of:
obtaining a continuous video loop of the traffic location from the video;
storing the continuous video loop in buffer memory;
detecting the occurrence of the potential traffic violation;
starting a timer upon the detection of the occurrence of the potential traffic
20  violation;
stopping the timer upon completion of the timer period; and
extracting a video clip of the potential traffic violation corresponding to a
predetermined time period prior to detection of the occurrence of the traffic violation
to the completion of the timer period.
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20 i mages produced by the one or nore digital caneras,
and a frame editor process for extracting still photo
wa@ada/1ivom t he vi deo data. 19. The system of cP@i/ns2064/018375
further conprising a tinmer coupled to the detection
system and wherein the enforcenent canera systemis
11. corifieguethdd bhelsinap whetein thiedietecti@bstep oompriste tlecsttémpel by
the detection systemof a potential traffic violation

detdeding R predehed 6f the kehi€le 200l1ad 8 boRGEdh USRI FACA LB ETD
20. The systemof claim19 further wherein the video

{
oo e L BRI e IR ROEPRAR Dbl P rafic
bc@ﬁgurrence of the potential traffic violation and a
eCond portion corresponding to a second 5

predet ermi ned nunber of seconds fromthe occurrence of

the potential traffic violation to the end of the

timer period. 21. The system of claim 18 wherein the
12. detHLetm@thOé Eelem Ebireicibthic datection sien eomprises diq sjep of

| oops enbedded in the road surface proximte the fixed
detdcting theqpresenbeoflie veltcletat aeuhlowfid speeerialbheefital texffis bochtien

presence of the vehicle through a change in magnetic
thrdulgk kit usé Df pidR6-cttaiceth&rs SdngintRd whight 6fthe G eHiPleias itd Gires

one or nore piezo-electric strips placed adjacent to

pas§ {T{fo echgﬁxggfrgfﬂcrjg&%hve | oops, the piezo-electric

strips oper 15 to sense the presence of the

vehicle through pressure exerted by the wei ght of the

vehicle. 23. The syst em of claim18 wherein the

detectlon tem rls vi.rtual | oo dj gital

3.1 oA meeg B ey 5 e E the dsisetipm siap spmptisas thogpps of

defined in the f|eId of view 20 recorded by the one

or drbinéngindeofieldvé viesy reaerded hi theouhelos niage yislep spmeras.c

sense the presence of the vehicle when it is at |east
virtpalriboglahgt present in an area defined by the virtual

| oop at an inproper tine. 72

detecting the presence of the vehicle in an unlawful position in the fixed traffic

location through the presence of the vehicle when it is at least partially present in an

area defined by the virtual loop at an improper time.

14.  The method of claim 10 further comprising the step of incorporating the video

clip with the plurality of images for review by law enforcement personnel.

15.  The method of claim 9 further comprising the steps of:
separating the video clip into one or more separate frames; and
editing each frame of the one or more separate frames to include data

regarding the potential traffic violation.
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16.  The method of claim 9 wherein the plurality of images are obtained by a
digital still camera system located at a fixed traffic location, and wherein the video

loop is obtained by a digital video camera system located at the fixed traffic location.

17.  The method of claim 10 wherein the plurality of still images and video clip are
provided to a user through a web-based display interface, and wherein the video clip

is displayed in a sub-window provided in the interface.

18. A camera system for monitoring and reporting a potential traffic violation,
comprising:

one or more digital video cameras mounted at the fixed traffic location;

a detection system configured to detect when a vehicle has improperly crossed
a reference point at the fixed traffic location;

a buffer memory for storing video data recorded by the one or more digital
video cameras;

a video clip recorder configured to extract from the buffer a video clip of the
potential traffic violation; and

a data processing system coupled to the enforcement camera system, the data
processing system comprising an image processor for compiling vehicle and scene
images produced by the one or more digital cameras, and a frame editor process for

extracting still photo data from the video data.

19.  The system of claim 16 further comprising a timer coupled to the detection
system, and wherein the enforcement camera system is configured to start the timer

upon a detection by the detection system of a potential traffic violation by the vehicle.
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20.  The system of claim 19 further wherein the video clip comprises a first portion
corresponding to a first predetermined number of seconds prior to the occurrence of
the potential traffic violation and a second portion corresponding to a second
predetermined number of seconds from the occurrence of the potential traffic

violation to the end of the timer period.

21.  The system of claim 18 wherein the detection system comprises one or more
inductive loops embedded in the road surface proximate the fixed location, the
inductive loops operable to sense the presence of the vehicle through a change in

magnetic field.

22,  The system of claim 21 further comprising one or more piezo-electric strips
placed adjacent to the one or more inductive loops, the piezo-electric strips operable
to sense the presence of the vehicle through pressure exerted by the weight of the

vehicle.

23.  The system of claim 18 wherein the detection system comprises a virtual loop
digital signal processing module, wherein a virtual loop is defined in the field of view
recorded by the one or more video cameras, and the module is operable to sense the
presence of the vehicle when it is at least partially present in an area defined by the

virtual loop at an improper time.
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