;e3e~<Rf6*T~ ; _, Ma.= Mdtion Information Extraction System Field of the

I nvention The present invention relates to the field of video processing
and, inp i systens for extracting notion information from an
encoded vﬂmmﬂ mm&@ including traffic nonitoring applications.

Backgr ound th‘aon Jntormation can be of great inportance in % MayB@02 of
appl i cati ons, PR udi ng traffic nonitoriing, tracking people, security and
surveillance. For exanple, with the increasing nunber of vehicles on the
road, many cities now f MetionglnforaaatioprBxtraetion Systemffi c congesti on.
Tackling the probl em has beconme a high priority task for many countries.
This is an exanple of an application for notion information extraction. The
appl i cati o4 o”mgﬁvgﬁ@&pssi ng and video sensing in notion informtion
extraction bas evol ved rapidly in recent years, fr omq&)he st age of

feasi bi | i t yNSPIFEFTE dnteqtipm slatgs toghe fisld ofryideo pyacessing agg,dR PatficRIBRO

TN O i NG SATRS AP AR Yn A RSERIAYPR BRGA AL ARAC iAol LABANBNSink O

enabl e rel evant authoritlFes an e general publics to obBtain notio

i nf or mat i otrafficonénitdmmgfapplications.raffic. In this regard, accurate and
up-to-date notion information is a key requirenent anong all these users.
Wth the |arge anount of data, sone kind of intelligent systemis required
to sift thgqeedrouadPr esent the user with concise, useful information. On
the ~y . . ..w other hand, broadband communication and video transm ssion
has been gMationgnfprmaiich caarbe ofigreak imponance cemtumberda.applicatians, titdudifipr e be

Ehr ough. v TS BTN PR S STPULY S LTA HeRoen FORGX G, WHRer ool s
that are abjeResbMigouhinarbi vehidied od 6Bk h?cftfﬁ@ﬂbﬁftﬂi& ﬁggﬁeﬁ{t tpywlémmve a

potential large Al k'e‘tpl_ ace. Conpared with” other notion detection
appr oaches withdtaffig corgsstiond Teckling the pypbtam hashegaineladogh pmeriiydask fonmamn

detection from.vi degs. offers flexibl.e alternative_.and.is ther.efare
becor ng wPUESR RS i sh el SbpliteeR RSt Beffianof shPgioaalf |
added at aﬂp‘plﬁhﬁ@@oﬂiﬂﬂhfé!’}wo&mﬁ%ﬁd ﬁd@@ﬁ?@fn@bﬁ mdti@lﬂ/ix@t@ﬁhaﬁoﬂ@(t@éﬁ@{ Bs can
be used to *166166* 1 May 2002 -2 provide data of | ong view ng

stretches. cyalvrd/apidly in serens yearss from threstegs ofdpasiniliey stedies tortbasiodis
encount ered, an g, [.¢ hl&%eﬁ 4@ tﬁ)(hs‘??rgf \ﬁ?c}n?t@g%n%%%r%&ta% gg(ggelérl c?a%r?e?gsst?a'vggeénom s and

to the cons%quen h™conputati drna I Me processi ng of

vi deo sequeneesalbapradenystoenhbledaldeait ahthosifiteariicht GatersigupltStoiobtin | y
efficient notion extraction applications, such as traffic nonitoring and

sur vei | | angwtiey dnfarmaticnabest thadlomnefgraife Invhis gegard, ae@atgiand Mp-terdai@i r ed by
cameras ang. di gi.fd . af. : i&ated boards, is usually
characteri g’eoglogf/ﬁﬂﬁﬁg%mg} lﬁé%g%%iuﬁ@%n{%%% grthg%glst% gsfrpor al conplexity, as

wel | as noise sensitivity. Currently, commonly used approaches to video

noti on detection include optjcal flow and object tracking, The gptical flow
met hod at t Ship Giederae pRayndeta some 26’{4 Wtﬁﬁlj&mﬁﬁﬁmdﬁr%‘f@lﬂ ?lgn of the

optical fl %ﬁ'}@ io14k1Br L Qsdr SR ALisk, TRER it ' fgdi ent's,
whi ch ar e"“"gig? lf{l? ‘at g:ii@g?ﬁ{edvﬁgﬁ%fr%?lgglhb g? t he io?riage’r{ggbj eﬂg‘%ﬁl?%iogggg‘t%r m of
gl obal snoothenkasl, boragbaml cotrenunibaioafand evidephimnepissivalhas bean gaihg grousd

conputational ly.intensive, which kes. on-line and real -tine traffic
o tor | ng VPP ISHRBL SEER Ytk Oafl BEEURDe SRt OSBRI e aus os
I naccur at e ;HBEPRiIESE 4 RE} Efpcent P RAGHHE RBiBR HTE@AdtRR cal B8 Obj ect

tracking nmethod attenpts to trace the novenent of the objects fromfrane
disseminated. As such, any tools that are able to extract useful information ftom such

channel will have a potential large marketplace.

Compared with other motion detection approaches such as the inductive loop or virtual
loop methods, motion detection from videos offers a flexible alternative and is
therefore becoming widely used. Video cameras for motion detection can be easily

added at any place and any time at a comparably low cost. The cameras can be used to

*166166*




to frane in a video sequence. Although single or few objects can be tracked
adequately using existing i mage processing techniques, nultiple objects
trracki ng in conpl ex environment remai ns an unsol ved i ssue. For exanple,
there may be many vehicles on the roads under high-density traffic
situations. Thus, for a vehicle in a frame, finding its corr€sM¥andPBy one
in the reference frame can be difficult.2-and the conputational cost can be
extrenely high., In addition, the segnentation of nultiple overl apping

novi ng obj Brovide data eflong kisming BretehesgHewereraimydemmiofipn getsetipmpthsshaim A
nunber of SIB | I j t - ¢ | cul ation
have been B%/%E)os e%{cB{%@xlﬁg% ge n%?%éc@%&ﬁ%%%g@éﬁt E‘g%bgﬁ ﬂég%g%/lgg E‘%ﬁ %{gj C

i npl ement i thg dohsgjkentdti gihcompftationabtomyplexisy. | Rexdlitmme procsssigafividege

processi ng. The apparatus [egeives pixel data of an 21 Nay 2002 -3

ori gi nal iﬁ%@n%?ﬁé&lesgﬁﬁapéig eldssyp sa thab rerapwationalycthsisitimatignect ed from
a nunber o LESidaBYE j i Mas:Te i 0g.

sel ected i%@%@ﬁ%@@‘s&ar e ’glgé#poé;siﬁidéﬂ?gfogg?%lﬁ%ﬁﬁed a nga\}fe&r%gﬁﬁé@’ec obre. he
appar at us hms uge. Viitual irforagetion] spalirekbly tameranahdigitized aekidvat frime katebes f our

stages. The first tational stage.pr.Qduces correspondi ng pairs of

di fference g}ﬂ QE"HC%FFI‘% 8&8‘5% ‘%‘ést“&ﬁy ﬁﬁ@'é‘g%%d&y#ﬁglé g’é‘i“??ﬁloélf’]é@esﬂf’%alt a%d process

pi peline i pglRas q:é;pgg I £S9eIPRs AYi Lihafkyreceives all the difference data
and sign dat a, mfgﬂ’ ar1 added tog%t Ielr1 toypr oduce conpressed summati on

data and conpressed sign data. The third summation stage in the pipeline
receives c E%etised summtlegn andgliésgn dat a and FO uces adlmean sol ute

error for Y> GOMEIONLY, BSed FRBEAAERFS AN 1150 HboR dsrecipr mehide opficalitioi 2 at i on

stage receqyeshjbbitarliRAR. e BhHiA MW AEthb@att&AFN tO5tull) bRt by Mage
bl ocks and detérm nes a m ni hrum nean absol ute error Trom anong tthem The

conpr essi opraviding an psination oftheaopticablow dikld in|termsmd shatid-teapdealsmage anged i n

a mufti-level configuration in i none of .the.adder operand inputs and
Checar ry- FHeTsiaritE pufth 8 clhBlRa e 2o sng pirL Bt B upe R i oBipar ac us
of bl ock medrivDeF ﬁ%dl@ﬁbb%e@%nﬁ%&sﬂmerﬁ%fef elop@bM fIBHW Rthodné or mation. US
Patent 5,872,604 describes a nethod of detecting notion vectors that

det ect s notemputbtiersdlyupiensivaivduchamakes afling anduedl-titae trafffc monitsrimgdrome bl ock
and upon picture da i search.bl ock. Th rch block is located within
a search ar leéggﬁﬁﬂlep%%ndlﬁﬁ lt's irg?@iu%x}, o F%JI%/O r § S;}nascg’tlr.a?eArﬁloi%rb%S&g{aﬁgnf or

det ecti ng apthk @Bclvsi6h Bowndaried. udes a notion detection circuit for detection
noti on based upon cal cul ation of picture data of a reference bl ock and upon
picture data in a search block, |located within a search area, and a circuit
for variab i Y, . ar at us
for bl ock ?éte ?gfr?uvtg%tk %r%%g%tﬁ%ﬁtg I tﬁ%atrrémggéég{or%rg%?t oﬁhﬁgﬁgggﬂlﬁ%?ﬂééxt ract
any noti ontd frhme irmb vieo stdftieRed. eAlthdugh3thglBar fdebjdckemndertrickatladetjuately

bl ock- based notion estimation used in videQ, conpressi on. The conpression
process deMfi{8SXisHamPRARACFYRE EChRANFS mdinle obig¢ts UAGKIRR I} BUPRIEX to a

ref erence 2 e [MVARCef el arkiles (or
Gat o bl ocke) rmaLromdiy ar kbl el T (AR, LHEL Mg pE Mty BRI R CG o a
| ocal i zed therdads Wrelbohightdessity traffis sewgpoas.ethyms fortai vaehjclé m & freme, direlirgnce
frame to search for a best tit, and fhereb ravi de nption data faqr the

b 1 cul ar 16 FrEesPoias e mybe Fefpiipcs ane S REG oS ah tsdamadans cos

not i on- CO”E&P@@E;&FE&EI}T/ B%'h.e@ﬁﬁddiﬁéﬁl, théséé%‘ﬁfaﬁbﬂ%@nﬁ‘x!&%léB{?ér@dﬂ)pmgtrﬂoxtiﬂg? not i on
data for each tile to conplete the process. To achieve conputation

ef fi ci ency objeatshn taw-ecsahution imagdsyremnging gn pi-péssdpbdblemonvert ed to singl e-bit
val ue data and searching and conpari sons are perfornmed based on such
transforned single-bit data. The singlebit data is conputed by convol vi ng
the origi nal ndABEfIpt@myvor Blotk rRovidRaSEmhtibl 81d metiebyedidr cldulbtidahal e _
matrix. The original” inmage data is then conpared with the threshold matrix
and conver beeh propesedgl e-bit val ues in dependence on whet her the val ues of
the data exceed counterparts in the threshold matrix. Conparison is
performed using an exclusive-or function and bit-sunmation of results.
However, ths pat@sisdai7e desibek B Sparue &t ifplcnntivg bldek niei@iorng met hod
on lowbit inages, and not a nethod of notion information extraction. US
Pat ent 5, 74mtipREsdmaien ieddep iglage pravassing. nkRerppa@tsiresei st drtagf At i on
vectors. The nethod perfornms bl ock matchi ng on successively higher
resolution imges by refining notion vectors determned in a | ower
resolution inage. At respective higher resolution inages, search areas of
limted search range are defined via a notion vector associated with
corresponding image areas in the inmediately | ower resolution search. For
at | east one level of inmage resolution, the search bl ocks are overl apped to

o o e o




-5 Summary 21 May 2002 In accordance with a first aspect of the invention,
there is disclosed a nethod of extracting notion information from an
encoded video stream containing interframe notion vectors under fixed
canera settings and a well| defined environnment. The nethod includes the
steps of separating notion vectors obtained fromthe encodedVMardoe2 r eam
filtering the notion vectors based on ppedeterm ned know edge of said

envi ronnment; and determ ning predeterm ned paraneters based on the filtered
not i on vecPoagisal imgge block epd pixehdale epa compuge imageeblaglesslestedcfadm @ ramibey t he

vect ors. | PPLYMiR HEleRRIGERS {8 GeS A hnt B Bol mh Soppted B ORk °"

el i mi nat i ngreayhpaEdito detéffinerasméVenient deciorot THeGipparatls haé b fatisstage di rection,
intersect with other nption vectors, cross a road_ border, or do not have
appr opr i at BIPgHRRd tresqaclyfectyre that mejudes four steges. Theefingt eaenusatiangbyagsar anet er s

i ncl ude sp j Vi I j

it erval o PERar SRS eipon el G UeRter R A RO IRE B LY oBhopteelBy
canmer a. Thetage mhethe pracesspipding incdtidesra coagiressionraeag iz téc@ives hill clonpr essed

vi deo. More, preferably, the conpressed video has a format selected fromthe
group of f 8ifiersnse dasind signglats s Added togsthertn produce gempisssedde one or

nore of th i apRd i .at i on of
the filter gudnﬁn%{?@g%ﬁ%ggf%@gf?ﬂe e?gfcé[%ﬁ%é&?denspft?gSaasegp%%lrag%@u%gh@ylﬁé
conput at i oreceivesrtanpisbsed lssmwiatibn and zigh datacind rodnees omsan alvsd ies errorefor ng | ow

based on a_conbinati on of speed d density detection. The speed is
detect ed bHEANERR AR a%mrﬁﬁaga&%qeﬁh BiRFlsn AJRSOHBIR PR oty eeerresits iect or s

and the deﬂ&hﬁxbéo%mg@ﬁspfo?q?éwoﬁﬂee&ﬁ B ¥ade UKL 3hi APteRhindd £ HERLRGKS Wi th

nonzero notion vectors. Preferably, the interframe notion vectors are
gener at ed usangbselwe trronframemomgithem hdhel vampressioR drrdypinc RidePof Sninisdfref abl v,

the filteri step.includes at. | east. one of .t he.sub-st.eps of:.elimnating
any ot i on FEEKGRAL! ST ATERRG inoR R BN AT AES Lt B i AEo WRF 84T on:
elimnati Nepérand BhisARd IRCELHSintiRRts ISR LASTheted NHBWBSS:, T juSthnvect or s;
elimnating any notion vectors that cross a predeterm ned border; and

el i mi nat i ngpramtusiof blogk metion esfindin ad dees ndtagwracinngpwtiopnnfatmatiaml i t ude or
size. More preferably, the nethod involves nonitoring traffic, where the
encoded video streamis an encoded traffic video stream obtained froma sky

camera in gswedentdes2rend debcHblel & nRiNdd SIURRRLing fiofign ReQORURLMeReR traffic
know edge and i nvol vi ng the determ nation of predeterm ned traffic

par amet er s matignpesagrupan selcwiatipn af istisndata ope eafersnce eck adevnangictutehere i s

d! scl osed g%a%) Iﬁ)%éaarlgﬁjglo]::gr ’tl'ﬁe):( %era‘rac%tglg i@ééa?e% »{/ftﬁlg 5@%‘09@*&%%9@"&%% tﬁenCOded
video stre cotalmng IntéertTrane noti on vectors under | Xe canera

settings as¢hréh aveh Is vieihblyadt. eav bsanarasior déletimppatiod usctéthdhasa a devi ce
for separating notion vectors obtained fromthe encoded video strean a

devi ce for Matiopaletertion HECWDPT BeeqvarBRtionRasediuRAn HladpioaafiibedaBatadge of
sai d envir ﬁ%}‘g%?+é blﬂagar?d ﬁﬁ)\éﬂr{ﬁ&ulfeoc{atgﬁtaesreg}cﬂ'bﬁ'&kf)fo%gt%& GhiSE gea?&{ ﬁg@,t ers

based on t tered no vect ors.
and a circuit for variably setting the search area. However, only a method and

apparatus for block motion vector calculation are described, and it does not extract any

motion information.

US Patent 5,793,985 describes a method of block-based motion estimation used in
video compression. The compression process derives change data for a new frame of
data (with respect to a reference frame) by first dividing the frame structure into data
tiles (or data blocks) of identical size. Each tile in the new frame is compared to a
localized window (about the tile's expected position) in the reference frame to search

for a best fit, and thereby provide motion data for the particular tile. Once the best fit is



In accordance with a third aspect of the invention, there is disclosed a
conput er program product having a conputer readabl e nmedi um having a
conput er programrecorded therein for extracting notion information from an
encoded video stream containing interframe notion vectors under fixed
canera settings and a well defined environnment. The conput er2bMay2662
product includes: a nodule for separatigg notion vectors obtained fromthe
encoded video stream a nodule for filtering the notion vectors based on

pr edet er ni detdmiinedvineatipn-eimpeasaeddificramedata is detetmunerbahd storfedwithether mi ni ng

det er i ters based on the filtered noti tors. .Brief
Decor | pt 1 ooGP R ToF S A CACEIRTT AL of BB TRAVTGH B SFM T ent | on

are descri bad theupddrahii9sis W frbfet M PEARCRed B dilBe BitWMRAfata Al hicalhy 21
May 2002 Fig. 1 is a diagramdepicting a hierarchy of notion information

ext r act i onanhceapasisgahare pekfermadriasedomeliohdransfooned giagierhibdata.obhe Fi gs. 2A

and 2B are _stjll | es of | | -defi.ned envi.ronnments . for tion ipformation
ext r act | ons BBl g CampusBy poRRb R e o BPEet g P g s B [ e
traffic scengthif;a thiegiold st dTREoERAIGIage wath R thel coapired withwhé h and

wi thout the still inage of Fig. 2A depicted; Figs. 4A and 4B degi ct

filtered nbweshaldmairigrand capyasted tel singlehutivaluesdn dependengeegewbstherithe 2A
depicted; Fj L Lustrat ecti .t he i mage
coor di nat eeélg?s %thé%ﬁﬁ%&eﬁ%g%g?@?xﬁ%@ eeh%%rg%%@%g{@é? %%ﬁgﬂé i1l imge of
Fig. 2A; performed using an exclusive-or function and bit-summation of results. However, the

patent only describes a block motion vector generating method on low-bit images, and

not a method of motion information extraction.

US Patent 5,742,710 describes a block-matching method for generating motion vectors.
The method performs block matching on successively higher resolution images by
refining motion vectors determined in a lower resolution image. At respective higher
resolution images, search areas of limited search range are defined via a motion vector
associated with corresponding image areas in the immediately lower resolution search.
For at least one level of image resolution, the search blocks are overlapped to provide a
plurality of search areas of limited search range for performing block matching
searches for each block in the next higher resolution level. Again, this method presents
a way of block motion vector calculation, and does not perform any motion information

detection.

All of the foregoing systems have placed a heavy emphasis on the approaches of
obtaining block motion vectors, but have not exploited the advantages of using motion
vectors directly from encoded video sequences for motion information extraction.
Thus, a need clearly exists for such a system with reduced complexity and

computational cost for applications such as traffic monitoring.



Fig. 6 is a flow diagramof a nethod of extracting notion information

“including speed, density and flow in accordance with a first enbodi nent of

-

-the invention; Figure 7 is a block diagramillustrating the interfrane

structure of a video sequence; Fig. 8 is a detailed flow di abtqr@m
i-l lustrating the nmethod of notion vect%r filtering based on qy 2Q02

know edge of Fig. 6; and Fig. 9 is a bl“ock di agram of a general purpose
conput er Wyt ch enbodi nents of the invention can be practiced. Detail ed
Description A nethod, an apparatus, and a conputer program product for
extracti ng notion information froma video sequence containing interfrane

*not i bed t larly., t hod, tus,
and & confuter Gty aiaaerc P beaHIIGH Rgrais dRelEeds M | ng. ot | on
- informati Q:Etrzfcﬁﬁﬁfhﬁft‘loﬁriﬁﬁ%gtlér[ Rbini £ &flcd8&R videolsthan &ﬁ@zﬁnm@m@fﬁsﬁ&m

containing interframe notion vectors are described. In the follow ng
descri pti mtlonwnﬁorsumddreﬁmd @mresemngﬁmdtarwclh@ﬁxmmvmmpcmél“dad vi deo

f t dth k f t t
Lo Tea | frefRaiBdiBes B0 gohe St strtfainadhofSL ot ablainell stomm iy BESMnc | deq
W thout t Q' sﬁ‘&?f?' lfeﬁ ﬂfe%é)tﬁm VeBro biREd biprleddte@tinedBlowléipe\WPsdigat ures are

not descr| in detail-so as not to obscure the present invention. , In
the foll omvng)mkmt; lanqbﬂetmmlnmgmpeﬂemmedﬂ)atan@teﬁ/wm%% ftb@rqdrrmt@ne nted as

nodul es nd.in p uI ar,its f ti,onal can | ement ed
O her Ve iR R AR 1y S@p pf iRl b ol fiBn
process, {ifghdiion YectBPitals bh@ledered Mationbetddsy perforns a particul ar
function or related functions. In the hardware sense, a nodule is a’

functional hardware unit designed for use with other corrponents or nodul es.
For exa I d i tron C
corrponeﬁl‘%’fm‘qbl tﬂgzgﬁteﬁﬁg rs#g 1%%?4%23%@% sz‘atg‘? }I&fél%élﬁ%&r?y %‘m c X?CII%UI'[ such

as an Appihiat afoinonc&peide iwith d road dirattésh, ﬁiitéx@edttmﬂﬁﬁh@moﬂi&mwms RdRer
possibilities exist. Those skilled in the art appr.eci ate that the

syst em cafagdp §Eflebé)fldﬁ}ﬂ°éhé‘fﬁ appropyiate appbitudeer 8?1‘“' ﬁtlmﬁ%%rtbe and software
dul t
extract | o eneBRRed R irolife BYAP bR BRE oW Par IRY bOB'FEL 0T

and fl ow tighb.ctmmnnteﬂhls is preferably done using a fixed camera setting
and a wel | -defined environnment, such as a hi ghway under w de vi ew ng
coverage (up to several hundred neters long) froma sky canmera or the |ike.
A vel | depiongshio ik ERUIRAYIded sBRafNY bb@HEE Hom b B¥PLAthdE. FhE IR 3w&dma fi xed
or predefined |ocation, where noving objects can nove I n predefined areas
and di r ecisiagnetion wcp;mpmscmaapn of pemprebsedi idant Mprearefgeably, tag ¢ampressed or

pr ocessi ne. t hat not i on .vect or extr.act G vi deo
b e oo TSRS A fonas) 8 SHa oD gosp AL iR seratige et BPEG RELEEGS. based
on environnmental know edge; and notion information detection based on
motion vector analysis. Further, to sinplify the problem solution, the

| abel i ng 'Hﬁ%‘m‘@ﬁoémlnehdapeaormm olithe steps elidatentivg spersd Hasedomani ng area in
whi ch t he n_i.nf.or mat i be extract be, i mpl enented to
educe t HPRUHIERSHAT oL BE A il e oy At s hE B sSR o 1 o

act ual OF&Vcaf»éxﬁ c@fnpﬁ&fub%fhﬂmbmks ithehe @6 nddnStediors and Bitfmatae! i ng

need 21 May 2
flow based on a combination of speed and density detection. The speed is detected

based on an amplitude calculation of the filtered motion vectors and the density is

detected by an occupancy computation of microblocks with nonzero motion vectors.

Preferably, the interframe motion vectors are generated using electronic encoding

hardware.



-9 only be perfornmed once for each canera setting. Wile the enbodi nents
are described with reference to the MPEG and H. 26x video formats, those
skilled in the art will readily appreciate in view of this disclosure that
"other video formats having interfrane notion vectors can be practiced. In
exi sting MPEG and H. 26x video formats, bl ock-nmatching techniZjlday 2M2ai n
imtion vectors representing the novenegt of objects at the m crobl ock | evel
(16x16 pixels). A mcrqoblock of the current franmge is noved within a search
wi ndow i nPrefEatlrtbe BHerdng steprinchiulgs ableps oae of hegnb-sisps of isliminatingabyocks of

t he wi ndow. I i LG i Ssim:lat. The difference in
-position PgP &ﬁ]géc?%%n%dg r‘??g%&ﬁq&%% g@?’g g&@@éﬁlﬁ%&s’%kﬁé orﬁb{lﬁlﬂht\lf&ap r.

Usual Iy, wslbugor dedidie tha irgersedt vHEY othér thotdEsectdts;celivhifl SthSAHURMIESH vdchgs cost  of
-notion vector conputatign can be fairly high, up to tens of gigaoperations
per secon@ai ey predaternined bpyder; and pliminating aay modpryestarsghaitdogot bivteo
(352x288 pj - o VU St .real -tinme cal culation of notion vectors

di fficul tﬁ%i)%h%grp@t%%}jéh@ggg?%e\?\me. However, real-tinme processing can be
achi eved using a hardware inplenmentation of a video encoding card.

According to the nature of the MPEG and H. 26x__st andards, only .interframes
(i.e., Pridoreesteray.she method igyelves memitrmng e, whergther Vid&®e notion
vect ors. i . refore
onl y ot s 8 EnfiBol gafRIREed rdaiFolARE bl o AR e aE R

det ect i ontraffic ghivieonmeérs using ipkéddetdrmatedarafiié khdveledgd aidf ihesteingttheict ure of the
MPEG or H, 26x .vi deo stapdard. In P/PEG there are three types of frames: |-,
P- and B-dsterminatenef predeferpined qadtic pirametttied and has no notion vectors. As
depicted, a P-frame is coded fromeither a preceding |- or P-frame. A
B-frame is coded by bi-directional interpolation between one of an |- or
P-frane tatccondencedeith & kecoBd faspeetobihd irmrotibig thdre indisdtodedammppiratus ffad | ows
the B-frame. Ln the H. 261 and H 263 st ng\%rggs, there are no B_.frames;

al t er nat | Faung RRUAR, pamagion W&Pﬂ?@"(’g’@ R sfregn cputaining BIqritpmg s ar e

consi der egofigh pg:tdig LderIRRANGNRE £Ririgh ind QRRIIIEHYA B vitdihohi. IPRe encoder

used, the nunber of I, P and rames in a conpressed video nmay be
di f f er entappatas ingludeshe davieb &or sopariting mntien bettowsohtained foan dlecencpdes | 21
May 2002 -10 franes, as |l as the nunber of B-franes,K between consecutive
b, “pe b yteqtican adedce Hegilrase e MR deqies btetion R TIGR  ane

structur e&ow%%e%?f%a effAkdnBiEnt 864 8 aSvisemr bbtefnihindiptddefepiined padmetets €s. Due
to the conplexity of notion vector calculation in the encodli ng process, the

raw not i dppseder dediltored metien vedtelh an MPEG or H. 26x vi deo stream may contain
incorrect notion vectors and noise. The incorrect notion vectors and noi se
result in fal se detection of notion information. Therefore, the enbodi nents
of the i ninedetordandetwith 2 ehirddspedt of €ed iaverftion] thetenig disologéd atorapetet he i ncorrect
notion vectors and nqQise. Preferably, the tion vector filtering is based
on speci fPIOSRAVPIOGHFHYHIE aGPaMER JeAdabiomedidmhiaging; a LOMPWRIERSTAR)

extracti i : kG ik i : j al

R R e e e L T
road di r econiziming tifterfranid mnotioree¢otors udderrfoted icamerassettingaiand a eeptldeineder ; t he
motion vectors do nﬁ]t? cross road bord rc?; g d the ngtion vectors are of

i nappr opr {PYFANRARE | JQ"Wt§'ip£%gra‘B§rﬁ‘§’ elydes:iagpadpleder ssRargiing weton
(prefer ab&aetor%tsﬁfnepglwmr Otdtieol dilchi@t & thotfifd BF 5iltBihYBRMdtBRIC

coordi nates and wor coordi nates), notion paraneters including speed,
density, weuehrs bavad onpradetertrined kmovledgSpd sald endfamment; and henadulsrfage vel ocity

of a stream of, .nmoving, objects in a predeterm.ned . or fixed direction and can
be cal cul SRTINEE FreRiaTBned PAEATRISH DasSI 97 e SUGRd RIS or S [ n ¢ hat
direction. "Density" refers to a percentage of nobving objects passing over
a certain area during an observation tinme interval and can be conputed as
an occupaBudgf Déscriptiondfdb& Prajvitgsnonzer o noti on vectors on the area over
that time,interval. "Flow' . .refers to a novenent conditi.on.of noving objects
and can' b ST aiier abedbodifrEniat s ndrbob gee tesodi haeRERgy ) |\ Phe

met hod ofref@gﬂc@qoit}[g(gg%isqﬂmgﬁzacti on according to the enbodi nents of the
i nvention, the process of 1ocating, segmenting and tracking individual
targets is advant ageously bypassed al together. The method enbodi es the idea
of starting at a higher level in the hierarchy of notion information
processing. Fig. 1 depicts this information processing hierarchy 100 for
notion information extraction. The hierarchy has three levels: a bottom

| evel 130 of original video information, a mddle |evel 120 of raw notion
information, and a top |evel 110 of specified notion information.



21 May 2002 -11 Traditional nmethods start fromthe bottom | evel to detect
raw notion information 120 fromthe original video 130. In contrast, the
enbodi ments of the invention start fromthe mddle | evel 120 by applying
the notion vectors obtained directly fromthe MPEG or H. 26x technique to
derive the specified notion information 110. The middl e | eved! Map20@t ai ns
notion vectors as a kind of raw notion iknformation belonging to this |evel.
The top level is the specified notion information 110, such as the traffic
or peopl e Higuds b dfagramdegiotingexhicaedschfahsttn infemanah ¥at&tieh id he raw noti on
information. This represents_ a significant savings in conputational costs

i n conpari ererdagce Wadithe gmapdimispis o4 dhedaventisne preferably, the enbodi ments
of the invention can inplenment a systemof highway traffic information
extracti on based on MPEG video. The highway traffic nonitoring nethod

i nvol ves efitgsd2Agnd RB-arastit emageadf elldefiead edvigpamients doMRE TS infaaimsion
separating and filtering MPEG nptjon vectors when decqding the MPEG
streans, aﬁ’ﬂtr%?é‘f’ﬁ’rlﬁflﬁflwg %P@*ﬁ%‘g}g Vay ;rpf&fc&a?m@pg,peﬂ%m%ﬁrﬁgcspeed,
density andcdphQyy at regular time intervals. Further aspects of the

enbodi nents are described hereinafter. Fllow D agram of First Enbodi nent
Fig. 6 is aflowdiagramillustrating the nethod of extracting notion
information,fr a.yLdeo. sequence 600 containing. interframe notjon vectors
and i n par FigSupAmnd 3P GeBist FOY MOGOR ERPRCED o8d ROV g S tTess 94Tieraht i on
froman engesledqiraffic video stream An encoded MPEG or H 26x stream of
traffic video 600 is provided as input. In step 610, MPEG or H. 26x decodi ng
is applied to the traffic video stream 600, and notion vectors are

d h d . 620, .th [ :
il ered. Fiorhdnt ‘PG Serd s s ooat gr d ool I U Bae S8R 620 1 o

descri bed har®pnadd;er in greater detail with reference to Fig. 8. In step
630, a projective transformis applied to the filtered notion vectors. In
step 640, a scaling factor 642 and the filtered notion vectors are received

or edot or m A A pEb P ORRET st REGTRR PP o PR Bl b ey o,

anal yzi ng Wb@ld%@fdi@wtﬁ(,tﬂ}j@p\ﬁabttﬁth@fstin@fh@g'é(ﬁl’iFi%j i4ered notion vectors.
Using off Iine |abeling to obtain the predefined area 21 May 2002 -12

mask, the scaling factor 642 between a pixel distance in an inmage (e.g. a
still imag | S j . I ) r
exanpl e, i ? l% ﬁggflg‘ﬁgﬁﬂ!‘ a&nfad(r)}gj&}eﬂ():@of %&ﬁ\l@%gﬁoﬁggb@?ﬁ%}%@&ﬁ%&gg S%&pi xel s
in the i madenpsityhad $loal inngcdrdaicerwith a Srst ambodiateatofthe invehlion; | f t he nean
anplitude value of the filtered notion vectors has df pixels, the frane
rate of the video is nr franes/second, and the nunber of interfranes

bet ween | - BigyPs P10 pBek dfabPiP s Eatl mt HRG a0r Y aligst is: fordf
v= nB +1 Inl%‘%e éx% sticng'el G 1stsaarll ra, a nﬁ%?ll%os?l%\%ct orafle?fééégtﬁgly%ehe
novenent of a mcroblock. Preferably, step 650 is performed in parall el
with step 640, .however, it will bhe appregiate those skilled in the art
" Vi ow of Hieds aneeet ape dem by daRus fettthetdt netonier oy eriag b,
steps 640 gpdafROfANBR IfTRg. @8RG ed sequentially instead. In step 650, a
pre-set threshold 652 and thé filtered notion vectors are input to carry
out density classification or determnation in respect of noving objects
passi hg over a.certajin.area during an observatjon.ti interyal . The

onst ty d Ei o8 btk iAkER o0t esfuiinsers oXPhlst RifiEe ik ShES Beiisd number
of m crobl ggkgvédtiohRen debaktitey area and N, u~ is the number of the filtered
notion vectors. From steps 640 and 650, processing preferably continues at
step 660. In step 660, the flow of noving objects is estimated using the
"speed" ang "d ity". determined in steps 640 and 650, respectively. By
combi ni ng ?’f?é“@@i‘é‘%f\égﬁﬁ%ensi ty conputation results, the flow can be
inferred toq mefhb@Cin dpparafisy eneNtorputétsio gl MYdeRIfoeskBctimPmoganpl e, in
highway traffic, 1f the speed is fast and the density is low, the flow
shoul d be dfpratinadenrh a Vot Seeuasch epntHaHE, infef framemoger seqtersarodesanled: he

density 1's \l@farfclfarly! QMBI hilaRGra sl 4581 Elnp it SR8 A Brokli ot &7 M nat es.

monitoring traffic by extracting motion information from an encoded traffic video



21 May 2002 -13 In the process of Fig. 6, notion information including
speed, density and flow information are detected based on filtered notion
vectors. However, it will be apparent that other notion information my be
determned in an anal ogous manner. Fig. 8 is a flow diagramdepicting in
detail step 620 of Fig. 6 involving notion vector filtering %bBBMZQQZSonE
speci fic environmental know edge (prefegably, traffic know edge). In step
800, the next notion vector remaining to be processed is obtained. In

deci si on béteakn &hthiniag ditexframesmoticievéotors ateatesiritedi fin theefolfowingn vect or
coincides with a predetermi ned directian, preferably the road direction.
The di r ect $SAMBHQI NHMSEAUS datalls areset @aﬁh IB@u‘E‘ESFﬂ'@er&%edf‘G %f%gmafa, = arctan yz

y' Xz - X~néﬁ4§?<§rﬁqs,(§0&p tthé ik, BP&dnide. ﬁ@ill%re%Bgi}@ntQQ?&gglErigggg} @f althe starting

and endi ng polnts e notlon vector, respectively. ore, suppose
t he road dhdvester,ahatitse pfesent inveRtiGixmay ba RrdctifedSvitbow thesn spemifig detsitserina i s

regarded as_ cojncidin ith the road directi.on and this notion vector is to
Feta ned. et intancesote b Rk eh s nobfeieHEeY bt iecy Tohtp TGRSt ng
continues glsdeeivah@h bl ock 820. Otherwi se, if decision block 810 returns

false (NO, processing continues 'at step 860, and the notion vector is
regarded as an incorrect one and is elimnated. That is, the notion vector

is deleted in step .86Q. |In.decisi | 82 k i to determi
£ ot oft DedbRng descBubE ohioRey b e dFdem FS e fpleieBRidis: L on vect or
i's conmpar egioiifel AHEIulEiht ¢ pMECHIRF Bs ﬁﬁ@iiéﬂa&i_t}]{, dgn beiEeRkhiRd iTBitticen

vectors of the current notion vector) to see if they have points of
i nt er sect i bardwhfe atesoftwiarm Ibitlxiofignne sanseramgodule s g (HBES)SS, PPBRES SF peftion

continues at s 860 .and the curren ti.on vegt.or .and th e

i ntersecti ﬁ’ﬁr ’ﬁﬁati‘isu%}fyepeéhr%s ﬁ%&uﬁafﬁjgnﬁtlﬁflgF geg%tf‘? gﬁwgf’n%elf‘iqg% vectors

i ndi cat es galilvafd RAsQh nidlNE aGtih@ns] irdwaBiualt@issighdd @k WhSwithiothefleci si on
bl ock 820 returns false (NO, processing continues at decision block 830.

I n deci si opompensktsggmodilesh diok examplggempdulg aray e implamentedousing diggetenot i on

t d onrT. | - | |.Si.: ith
'he road bapdiite pOAERRE 8f fogn R 4 fonibSBe TP riBE NECAL clrpuPRIRAE
i ntersecti appli¢dtiod SpesifioMntebracdd Gdhit @KSICNSNtume®ué YHES} pogsitiliiessdxivy

continues at step 860 and this notion vector is deleted, since a vehicle
usual |y canhete skledun dhepst wHbannsedaty tha thesypiem fagelso; e igwisnasnésd #%ck 830

returns fak&ﬁb&g@n oﬂ(a?&@ééiaﬂg s&%&ljsmléﬁ deci si on bl ock 840.

The embodiments of the invention provide a motion information extraction technique
that automatically obtains real-time speed, density and flow detection. This is
preferably done using a fixed camera setting and a well-defined environment, such as a
highway under wide viewing coverage (up to several hundred meters long) from a sky
camera or the like. A well defined environment is an environment, involving a camera
at a fixed or predefined location, where moving objects can move in predefined areas
and directions. In particular, the embodiments provide a motion vector processing
scheme that involves: motion vector extraction from MPEG video or H.26x
(H.261/H.263/H.263+) video stream; motion vector filtering based on environmental
knowledge; and motion information detection based on motion vector analysis.
Further, to simplify the problem solution, the labeling of a predefined area mask, which
indicates the interesting area in which the motion information is to be extracted from,
may be implemented to reduce the computational cost of motion vector processing.

Before the actual operation of motion information extraction starts, this labeling need



I n decision block 840, a check is made to determne if the notion vector is
of appropriate size or anplitude. That is, the nean anplitude val ue of the
notion vectors on the road is cal cul ated. The nean anplitude val ue M can be
calculated as follows: 1 N2 | 2 M ~x~z-xn~ "i"\yi2-Y~i N, , where Nis
the nunber of notion vectors on the road, and (x,,,y,,) and £kMayg002are
the coordinates of the starting and endigng points of the ith notion vector,
respectively. For a particular notion vector, if its anplitude is m and

ImM <T whelydeperfarmaedoncgdoreash sagerarsetigo | While the embodomeniearedesdridbedeened

as appropriate..|f Ch Sl I 0 .returns. fal se ( rocessi ng

conti nues zvavtfi‘t g?%alrc)eng%@ @E%@ﬁggﬁoﬁ"oﬁldg‘%g‘%w% @103? §1§+I}l%i(net§§: a’%"ﬂ rwi se, if
deci si on bloghy 8gesigledn Riew! 6UBis(dfERsurdtheCRR& VideRRhAR BESindlintsiMmS50. 10
step 850, the current notion vector is retained. Fromeach of steps 850 and

860, pr oceswiing veesarsicands peactigessi si on bl ock 870. In decision block 870, a
check is nmade to determne if there are any nore notion vectors on the road
to be processed. If decision block 870 returns true (YES), processing

continues af exaiteiy MPBGARM H D6x RRXD f6MHdtBINRGHAEHInG tQRhRIuBEIbthB motion

processing. O herwi se, if decision block 870 returns false (NO, processing
conti nues atcters egpré®Ating thesheyen&R0of ghjeate ststhe qicreblock $evieb(116lkd6 pidelspdAof

Fig. 6. The processing of Figs. 6 and .8 are described hereinafter with

r espect to"ﬁ&@gl.°°1?9}ét.h%|§flﬂ”§m Ig%@%ﬁdn%dé’}” ig gjsparel CEHECPYD obt ai ned
froma videg s : : 5 W \: not i on
i nformation ex%ggﬁngﬁretgg@@gbﬁ%gﬂé \I}Imltl ‘%}ﬁbl'\tyﬁlg %ﬁgg i mer‘;qt’a {sb %écp?ﬁg&?w&%ti on.
Fig. 2A defpiatissnest simildr. Thraddf@@@eof pbsigomafthe ted fnatchingimicrdilodsy 2002 - 15

this still i e 200, the canera,setting i,s fixed, a t he. vehi cl es can
only nove Pﬁ'ﬁ%‘géﬁ? wgfign Y?C)E%rdr@ﬁ”g]a\ ’(‘i”ﬁé%lﬁ’ea{ﬁr@einﬁ eb?@%@{l%sr‘ﬁian‘@@%i rection
(upstream gdqueRu e B mbtidh veéBr d6RbEfaBoR ci bd fairly I 98, ¥pofd tehs %frgi%aﬁe

envi ronnment | n'vvl’*li ch people are queuing. In this sti I mage 250,
camer a set ppergtions par sezohd Ke@PShenenttheS poop [npusFermat (SIF) ecsotusionpideobet ween

be. | nput + & PrOS PRk s MR o hree Papulegh g0 Y it CGRIEH deBtuence

600. Figs. o{%@i frdiared b LveR XMk RS gr;oggss A a@ﬁie(zéﬁ"hs’ﬂr?r%%ﬁ&dwfafé ors of

hi ghway tr af extracted froma dec G video streanm (according to
step 610 ofmplegen®@lion Bf gvideaenddding ¢and.edcemdingrio theataturs of theeviPEfosdd or
over |l appi n ith thejr correspondin rame 300, .Fig. 3B shows the tion
vect or ot héhil SuidiElsoorif iR R b e s RS il Badkg oI B n B g
3B, there & : StEfabd 8k B 84htkeS & thivy 4 [ lictiRg the
road bor de?lrsaﬁlg%)h{ahgrﬂdﬁ @?Jggtgﬁisg%yﬁjgﬁgm ?Itrl? ﬁﬂg @A.ﬁldg'jélgéts&ftaggg’adgg 3B,
t he not i ontheseforanlpmotips tveadammof Pefdankisraze tisedrhefd fof tjotmnenformhationght ed by

bl ack |ine and the notion vectors of downstreamroad direction (right)

are highli aﬁtf"‘ét&?rby white lines. Fromthe exanple, a nunber of incorrect
notion vectors can be seen in both the upstream and downstream directions.

Figure 7 is an illustration of the interframe structure of the MPEG or H.26x video
standard. In MPEG, there are three types of frames: I-, P- and B-frames 700. An I-
frame is intra-coded and has no motion vectors. As depicted, a P-frame is coded from
either a preceding I- or P-frame. A B-frame is coded by bi-directional interpolation
between one of an I- or P-frame that precedes the B-frame and another I- or P-frame

that follows the B-frame.

In the H.261 and H.263 standards, there are no B frames; alternatively, the number of B
frames between [-P, P-P or P-I frames are considered to be zero. Depending on the
complexity of the video encoder used, the number of I, P and B frames in a compressed

video may be different. That is, the number of P-frames between two consecutive I-



Figs. 4A and 4B are still inmages 400 and 450 of the filtered notion vectors
of highway traffic. Fig. 4Aillustrates filtered notion vectors
superinposed on or overlapping with their corresponding frame. Fig. 4B
shows the filtered notion vectors thensel ves produced by step 620 and the
process of Fig. 8. Simlar to Figs. 3A and 3B, the notion vetlMay2002
upstreamroad direction (left) are highij.ghted by black lines, and the
notion vectors of downstream road di rectl on (right) are highlighted by

whi t e | i nefambglak owllirag thdmupb&n@éﬁsfralge@tbetwbﬁpccﬁ@ecutlheI-ﬂ’nPd? ok fintick,0n
vectors in both th mand ownstream directi ons of Figs. 3A and 3B
are el i m nBE¥0t be %‘e@g‘s eé?ﬂi intprirage Strugtures, L]é‘?ficeéf’tnégl"&obl"ﬁ‘ftg’@trls%t for

t ransf or m pgt-Vee fraineaaes. coor di nates 500 and worl d coordinates 550. This
applies to all flat-surface noving situations. Because of the perspective
view of the camera as well as the non-perpendicularity between t he canera
axis and t r oad sur ace, notion ve tors §5e noti hom)% us |n t he

i mge coor “ﬁé‘t ° CREP eé‘ktﬁr?ﬁlné“of’ﬁgc%?"rf) VI SPe engoding DTy Yof the
canmera appgRtion véckor¥R¥%irdQ0E frodtarVPBE or F128x (RS %tr@émﬁ'ﬂhg' Joﬁfan?ﬂféoﬂéctt he
canera. To solve this problem a‘projective transfor n be enployed to
convert t hmotioh vestorsend mosef?lmmccbmg"e notion dectatsend moise hesultan fadsec oor di nat es.
Since the road, surfaces .afe flat,, vehicle notion is afél uned t.o be parallel

to the roalSpigRer rtﬁmdn fign.| Thrzeiope the qabndigents gf the inypntiog piligh ne s can

be speci fle@ueﬁ)we&emm&hggqoQﬁm@tﬁehﬁcdﬁeegeoﬁ@@de&&@aﬁd abRe.! PRIy d road
pl ane. If the inmage coordinates are (x,y) and the world coordi nates are (X,

Y), a trantionotiamateciox fifering chdtaecdwmsm:ctf;c etnharonmemai lmm“dc@eeEomxamw caner a

tt d th t hi
f?an!ngr?nn Itgh%#ﬁ‘te?%ﬁxgg‘g?%&gg & 8 8%5 E’Heg’t%elleﬁar‘ttﬁ% I? oor:j;snate

In parti Cukﬁdwleaﬁ@ca?ﬁhélhde thaf! tlb&n@ﬁéﬁivaﬁ&rs 8 nbh&oih@lié R¥vh ke F5Rl '&ﬂéetldﬁt rstly,
the matrix H is determined to transformthe acquired i mage. The inmage is

usual | y t akemettonavectorpie netrlytesﬁ@gt with eank ather; ﬂl@amotwnhecmsqdn neidrostage i s
transforned_ t at of Vi an_ axis
per pendi cufoﬁfl%ot) et“h@ng @%? éors %e ‘tqﬁ’éapgﬁ r1eaE @& Qeq? hé“&- coor di nat e

axis of the acquired |nage and the transforned image is a and the angle

bet ween the y-coordinate axis of the acquired i mage and the transforned
i mage is ~Usingdhe fikkered srationareetoss (referablypafterdranplomming thofilterrd veetos ~ 0 -

sin /. =1 0pQtlecfode QQoEAIRCLNATIY srofiBS), Fon pRlaebe e ORIMA kbBE

camera vi ew oes n cover € road surtace er ransrorm

ori gi n maydésity adsfiet esh lb@dététﬁedﬂ ‘@pecd!i feete toythabestagd vedodigad asuiehiawg. For
simplicity but not |ose eneral ?fg i catjon, the carrera i s assuned to be

pl aced appPOYHIERGS 1 Q&ﬁfé dgtergnip fxgdrdiregtiamandcap beicalculatrd as afeqr cover s
the road syf ﬁﬂ&:@n QxfnéﬁfudE '&?rﬁo‘tl%ﬂ%@c&&%gﬁhgﬁﬁfe&fo% “Bisiy® FAR3 ft@E' on is not

included int Secondl'y, a’transformfunction is
determ nedpd:xeemegqoftmevmg) Dbﬁctsq»assmgmteea cartain tatea chmageﬁobsmdatlamstgne

coor di nat es obt ai sin | f the cane focus.is and t

e pend cu APV iladn SRR % i OCIRERY S TBIernocks SRR aToon, ¢ he

transfor m {4ngkioanhdRreh dval HANIRS int\ 410 B low Zreferdtofa tibPhdnt cohdifoBt i X H

is determned as nerely the concatenation of the two transforns H and H2:
moving objects and can be inferred as a combination of “speed” and “density”.

In the method of motion information extraction according to the embodiments of the
invention, the process of locating, segmenting and tracking individual targets is
advantageously bypassed altogether. The method embodies the idea of starting at a
higher level in the hierarchy of motion information processing. Fig. 1 depicts this
information processing hierarchy 100 for motion information extraction. The hierarchy
has three levels: a bottom level 130 of original video information, a middle level 120 of

raw motion information, and a top level 110 of specified motion information.



H=H H2 The enbodi ments of the invention are preferably inplenented using a
conputer, such as the general - purpose conputer shown in Fig. 9. In
particular, the processes of Figs. 6 and 8 can be inplenented as software,
or a computer program executing on the conputer. The nethod or process
steps for extracting notion information froma video sequenc Men2@0ai ng
interframe notion vectors are effected_py instructions in the software that
are carried out by the conputer. The software may be inplenented as one or
nmor e nodul dsaditdenaj mlh@rde ﬁltartrfgmtl the bhottonelsgeldo dpisct rawnmatidneinfmatipmi 20 of a

conput er PIS m t.hat erfor icul ar. .functi.on el at ed
functi ons. Rﬁ%@'e °8§“‘&la¥ E%% Iﬁ&?‘&f%gz?%‘?’ﬁ&‘ﬁ t&r?lfg‘eclﬁhenallogéaﬁeé%[npac kaged
functi onal tanibaeas levalnizh bfy%pryﬁﬁg the tridbtioh ReétofsumRARGTdifectlly [FIREtHePEGN
particular, the software may be stored in a conputer readable medium

i ncl udi ng ohH. xaecigequedoidenye the spedietimbeommforfiation dfl O vBreemidsllqleréler abl y
| oaded |nt(f @he (oX0) uter fromth uter read bl e rregr um.and then carried
out by t he 1BRFIEEF TOHOR SREIATES AFBHS LAY HPOIRTERI T aR RelORE B8 o it
readabl e m?éi'el”’f‘h@@fﬁd rageﬁyata sPediFiU@AtiBA irffokRITIA180, RICAYS B8 FAROLHAEd on it
that can be carried out by a conputer. The use of the conmput er program
product i npeopde qmmunbmpmmemmtqd @Tefrehft&labﬁlsmf\tmaageougn aqﬁpxmaamns for
extracting tion 1# r} ga& qﬂentce cont ai ni n(g ‘5;‘}'? 1rarre
moti on vect Ss‘ePrﬁseé‘é %?‘83 e \ﬁna‘t"HgtW 08}%‘ TORBOSS OF ComRatisepéatrpdnonal - 1g-
21 May 2003pgiagcHe®nput er system 900 consists of the conputer 902, a video
di spl ay 916 and i nput devices 918, 920. In addition, the conputer system
900 can have any of a nunmber of other output devices including line

printers, re i

connect ed ltl\@g ? R é}%ﬁa 4] héreng)(?a rﬁeeﬂ% %‘gﬁg‘ ;%ét?grg gnr?r?eéﬁﬁﬁéahgg éﬁ’?‘ﬁs?e\'@?' ed to
one or nor graffidi@forfAtibnl bakfetivh Bas%d@ﬂﬂWIBBGQaaécDﬂrheﬂﬁgﬂv‘/a%C@afﬁ@&%mt%hﬁg an
appropriate conmuni cati on _channel 930 such as a npodem conmuni cati ons path,

a conput er mrélth}drlko vey encpaingisky-canypra trabiig video clrlrr@urtterPEé?ystreﬁ@rstJde a | ocal
area netvvo r the

| nt er net . %mfi %821\@{ %ﬁﬁ’%ﬁsf%%"%@d‘h %g%‘(()}c%%gfn%g lﬁlnr ts)
(sinply refdereﬁﬁmrtglgbway ﬁaﬁmqmmretére,rlﬁtlnathgepéedQ@shsuaaﬂ@ﬁowyaﬁ@@ulmhl ch may

i ncl ude random access r r.ead-only mepor , , 1 nput/out put
(10 inter fiRe8t e@‘(ﬁ‘%&@%ﬁ“@é&@%@%ﬁ@ Orlmeet%aaeéesg@ ed eé/teﬁé‘ﬁ%% or nore
storage devices generally represented by a block 912 in Fig. 9. The storage
devi ces) 912 can consist of one or nore of the following: a floppy disc, a
hard di sc d agrammef FaspEmpodioght di sc drive, CD-ROM magnetic tape or any
ot her of a of non vo atile storage vices well. kno tot ose

oki || ed |nFtr‘1$tgb‘§F‘tﬂ°WE§E$FaH’fl s omenod oG gHTEEnE Botiol Mg

connect ed §,18REqRNcIBOEcHtaihidg 119%%6‘1%8!1&?%0‘(6@@ Busar@ddartBat in turn
can consi st of data address, and control buses. The video interface 910 is
connect ed menitheng irdffs b @@naavngametxatnmfm@mpdémnvmde@owbhaﬂf@ viideom t he

Cher comput sretiy A Eat BEHE R B Sramt Fae Videp s tntyPRidee s0glt oy ©
exanpl e, @nglgg 8% Ve brtB o6k H@colﬁtﬁ-%qgﬁ%ﬁile%]tg tl?é}gzttg% ﬁﬁreg@h&i&l 860,98 é' ce such

as the nouse provi de 1 nput comput er he syst€m 900 is
sinply promaifmt vfeOu’ors drk ystraca¢d ﬁr@nplwqtmeeal are@lnptthetepcéam‘uhgmmtun@re&oman be
enpl oyed w t hout departrng fromthe scope and spirit of the_jnventi_on.
Conput er s \Rf@tfl% GRRT- dAcarFRst er%trdr%sarrtw%oaths@rwaﬁw%eq nSER 20 IiaspEbeaTs or
conpati bl e I f n
(TM, a vvo ge%?ﬁeg%l%gﬁe{r@&+lptlﬂﬁ?ﬁ N%ore |8/ngmasrté3cz€r&é)r g?ﬁb ‘é%gig%rrgﬁ%g%hgf t he
types of casqppiied so thietftiterdd mbtidrihrescerbodi rrents of the invention may be
practiced. Typically, the -19- 21 May 2002 processes of the enbodi nents,
described hereinafter, are resident as software or a programrecorded on a
hard disk dp 'sféﬁ}éﬁ@e‘f's%ﬁh%ifacﬁﬁBh@faﬁdjtlﬁ%lﬁt%o@&?véctbr%& re@e)rvé%ﬁasttﬂﬁtt(f@npm er
readabl e nediu read and controlled using the processor

| nt er medi atdetest the dgeedt of higrqanugfimoving dbjettd éna gredateamibed ri;rectmnaThet ched

fromthe network nmay be .acco hed us the sem con y 906,
possi bly i P vt W?Wettﬁésmm r@?}?z\yég @‘E?eat}\ﬁm g‘gﬁ% in Fig.
9, a video Pyart Kittered 3B %%r?@sﬁ%@f-ﬁﬁe 1D elifEtCsHIRR RS p r@@&iﬂe@ aRfaovi de
vi deo data. Video capture cards I /O boards, and the i ke are
wel | -known to those skilled in the art. In sonme instances, the program may
be supplied to the user encoded on a CD-ROM or a fl oppy di sk (both
general ly depicted by block 912), or alternatively could be read by the

user fromthe network via a nodem device connected to the conputer, for
exarrple Sti II further the software can aI so be Ioaded |nto the corrputer

~NNN T o o M




estimates density based on notion vector occupancy. The fl ow detection
nodul e detects notion fl ow based on the speed and density conbi nation. The
enbodi ments of the invention extract notion information using MPEG or H. 26x
notion vectors to provide faster and nore cost-effective techniques. In
particul ar, the enbodinents start at a higher level in the h2tMay@d§2 of
motion information processing produci ngsavings in conputational cost.
Further, the enbodi ments enpl oy notion vector filtering under fixed canera
settings amdsk,thesscaktg fadtoiricA2 betveen apimmed distdonewl adigeage de.gl 4 stilhmagehoi ses,

and appl noiion, vector, sfati stical anal ysi 0 obtain tion information.
e anboui ftha EaLfSERe intherent siape Sarfed Hob carale e nith of iy,
real -time pgeGesEiand tieAdhjRe obsRiQNERKES i ihagd, Mk RanyBicRriP! ement ati on

of encoding’card for nmotion vector cal cul ation. Further,- the” enbodi nents
utilise a chlgilated as fril/asifrthe near ampimde aakie ldf texfiltared mption seatondihgs dal
formats for. video .transm ssion.and storage. Still further, the enbodi ments
brovi de. br BRGISVPB e B s ReBLf ot EokRERecant and seg hlfriof GRS,

resol uti oNbiHREEEP, MPlordnP ks RUMARERER averaghatlotifgy eybodi ments are cost
effect since video encoding cards are relatively inexpensive and w dely
used by consuners. In the foregoing manner, a nethod, an apparatus, and a
conmput er program product for extracting notion information froma video

sequence cont ai nj gqn;%x erframe notion vectors have been described. Mre

particularly, a ‘FrEt,hBom an apparatus, and a conputer program product for

o4 or ! Ny LA NSRS LARIARG HBHLPDedk SRR A AmAR: EREAISL T 4111 ©

vi deo stream cont ai fame noti on vec S have en descri bed.
While only a small nunber of enbodi nents are described, it will be apparent
to those skilled in the art in view of_ this disclosure that . nunmerous
changes anBreerabiyasten 34 isgeiorned @@aﬁ%@ivﬂhﬁitsﬁ@ﬁod]é‘b%‘?‘teﬁdbwﬂpB‘T’n t he scope

and spirit aﬂ%eéiﬁ't%d 52;{}%},@5&@1% in fh%laaiﬁlxie%@a!ft%% V?cgEés(‘g}}é\ﬁat this feedRENQALOT

extracting notion Inhformation froman encode st ream cont al ni ng
i nt er f r amecaset Fonexeagil@rsteps 6d@ and 6@ chrcznepdersatied seguertailyansiedd Idefepned

envi ronnment., said net hod i udi he steps of separ.ating notion vectors
obt ai ned fP%%%F-aétéh@%@e%% ge H’gtfh@é?ﬁsmfb 11 BI9HeT agedPHutr?gf’F@‘lo\}‘facft ors
based on pgg%ﬁg%[dﬁ&iﬁ%idﬁrtg"&e%ﬁla%n wegpﬁ%wfﬁwﬁg%jecemsgﬁg 8VFiani ng

pr edet er m araneters based on said filtered notion vectors. 2. The

met hod accoerthimgred dughgpmobservation dinre interdhl f Thet dansityyd saepe esiiphaietbss t he
sub-step of Fl i mnating any notion vectors that: do not coincide with a
road follows:

d = NIWV
NRD
where Ngp is the number of microblocks in the detecting area and Nyy 1s the number of

the filtered motion vectors.

From steps 640 and 650, processing preferably continues at step 660. In step 660, the
flow of moving objects is estimated using the “speed” and “density” determined in
steps 640 and 650, respectively. By combining the speed and density computation
results, the flow can be inferred to reflect the movement of the moving objects. For
example, in highway traffic, if the speed is fast and the density is low, the flow should
be quite smooth. On the other hand, if the speed is slow and the density is high, the

flow should be congested. Processing then terminates.



direction, intersect with other notion vectors, cross a road border, or do
not have appropriate anplitude or size. 3. The nethod according to claim1,
wherein said predeterm ned paraneters include speed, density and flow 4.
The net hod according to claim1l, wherein said predeternm ned paraneters are
provided at regular tinme intervals. 5. The nmethod accordi ng 21oMay 2002 1,
wherein said encoded video streamis obfyined froma sky canera. 6. The

met hod according to claim1l, wherein said determ ning step includes the
step of calmwtheatdcess cfdiig Gymyotom infoimatiat inoluding spgedyaengity anddiosy anal ysi s on

said filtered tion ctors. (. The t hod according to claim1, wherein
S5 d vi deonSeERAE dFtersed Bisedae Ered el fEioan BVt N Bal bR S0pEs.
-22- 21 Meyha?ORér diBBodRirbdthidA Gyt EbtdrRhintddah Th AnaldbSisGhhmal d conpressed

video has a format selected from’the group of formars consisting of MPEG
and H. 26x. 9. The method according to claim1, further including the step

of detecti E% 8 is a flow diagram depicting in detail step 620 of Fig. 6 involving motion vector
filtering based on some specific environmental knowledge (preferably, traffic
knowledge). In step 800, the nex; motion vector remaining to be processed is obtained.
In decision block 810, a check is made to determine if the motion vector coincides with
a predetermined direction, preferably the road direction. The direction « of a motion
vector can be defined as follows:

o = arctan 2221

X, =X,

where (x;,y;) and (x;,y,) are the coordinates of the starting and ending points of the
motion vector, respectively. Therefore, suppose the road direction is ag. If az-
C<a<ap+C (Cis a constant), then « is regarded as coinciding with the road direction
and this motion vector is to retained. That is, decision block 810 returns true (YES)
and processing continues at decision block 820. Otherwise, if decision block 810
returns false (NO), processing continues at step 860, and the motion vector is regarded

as an incorrect one and is eliminated. That is, the motion vector is deleted in step 860.

In decision block 820, a check is made to determine if a motion vector intersects with
any others. That is, each motion vector is compared with other motion vectors (mainly
the neighboring motion vectors of the current motion vector) to see if they have points
of intersection. If decision block 820 returns true (YES), processing continues at step
860 and the current motion vector and the one intersecting with it are eliminated. The
intersection of motion vectors indicates collision of moving objects or vehicles.
Otherwise, if decision block 820 returns false (NO), processing continues at decision
block 830.

In decision block 830, a check is made to determine if the current motion vector cross

any road borders. That is, the motion vector is compared with the road borders to see if



speed based on an anplitude calculation of said filtered notion vectors.
10. The nethod according to claim1, further including the step of
detecting density based on occupancy conputation of m croblocks with
nonzero notion vectors. 11. The nmethod according to claim1, further
including the step of estimating fl ow based on a conbi nati on2bMag26e2 and
density detection, said speed detected-ldased on an anplitude cal cul ati on of

said filtered notion vectors and sai.d density detected n occu ancy
conput at | oeBHA RS PEELES SRR 1 oRbition i e TeuBroris (PBs R Hognoy
accordi ng {dhinhéd Nstkp S40RNEHALs ﬁthl@n'v@ét@f {sTRERedTRink 8 v¥ReicAUstalf) &nfl&ner at ed
usi ng el ectroni ¢ encodi ng hardware. 13. The nethod according to claim1,

wher ei n sagaottside gre nogd steep Otharivissed dacision ddackdid® refurnsfelss (NO3t eps of :
elimnati n a noti on ve aor.s tEIat g? not coincide with a predeterm ned

di rection; nﬁa?PPW(}}leéﬁg HOEPHRGEE#Yr s that intersect with other notion
vectors; el i m nating any notion vectors that cross a predeterm ned border;
and elimnating any notion vectors that do not have an appropriate

anpl i t ude brdesisim black 844 a@ppdcrlamasleft@detemmadthnglqmmvoﬂor isfadr mat i on from

an encoded vi deo st.ream c n erfram&*1 él 0 tfgl(grs under, fi xed
canera set %Hpﬁ%“aé‘?ﬂz%%?e"f‘l’ g?lt@% l%ﬁ'%ﬁ EHHERp I %T’%}“%Bg PO VEECRYi ng:
rrf'ans for searraid BGalRlatdd) MRGh&Sangtadd Rdud ¥ RicHl AREAIB FoNbWEO
stream

1 & 2 2
:—]—-V—Z'\/(xlz—x,l) +(y12_ytl)
1=1

where N is the number of motion vectors on the road, and (x,;,y,;) and (x,,,yi;) are the
coordinates of the starting and ending points of the itA motion vector, respectively. For

a particular motion vector, if its amplitude is m and

|m—M[<T

where T is a predetermined threshold, the motion vector is deemed as appropriate. If
decision block 840 returns false (NO), processing continues at step 860 where the
motion vector is eliminated. Otherwise, if decision block 840 returns true (YES),
processing continues at step 850. In step 850, the current motion vector is retained.
From each of steps 850 and 860, processing continues at decision block §70. In
decision block 870, a check is made to determine if there are any more motion vectors
on the road to be processed. If decision block 870 returns true (YES), processing
continues at step 800 and the next motion vector is obtained for processing. Otherwise,
if decision block 870 returns false (NO), processing continues at step 880. In step 880,
processing returns to the method of Fig. 6. The processing of Figs. 6 and 8 are

described hereinafter with respect to Figs. 2-5.

Figs. 2A and 2B are still images 200 and 250 obtained from a video stream as examples
of the well-defined environment for motion information extraction to be used with the

embodiments of the invention. Fig. 2A depicts a still image 200 of highway traffic. In



-23- 21 May 2002 neans for filtering said notion vectors based on

predet erm ned know edge of said environnment; and neans for determ ning
predet erm ned paraneters based on said filtered notion vectors. 15. The
apparatus according to claim 14, wherein said filtering neans includes
means for elimnating,any notion vectors that: do not coi nci2ikMay2d02a road
direction, intersect with other rmtion_l\,gectors, cross a road border, or do
not have appropriate anplitude or size. 16. The apparatus according to
claim 14, tfiestd] imagai200phe dahenarstitiag ipixayeidths viehiclasden splgenovediivmighy and
flow. 17. The rat us accqor.ding to claim 14, erein said predeterm ned
par anet er s SYRe ggﬁ&ﬁ%r £ Ba‘gt a’ﬁé{j mpﬁqde{einﬁglep ﬁiﬂré?t\‘%m@PSti@m HAOVSHEREE us

accor di ng gy obajeficléh sti’ll"ﬁ{a%ie%é%?% ERARARKNY IR b 'e_%wgmg.idmgisf roma
sky canmera. 19. The apparatus according to claim 14, erein sa

det er mi ni nefilgnags 250cthedemermatimgfipalse dked)land thegpesplecirerctguied tavhoverat i on
using noti Bitweer Eh%rtw% %.lrsy shown1 the image 250 in the queue direction. Such images can

be input to the process of Fig. 6 as part of the video stream or sequence 600.

Figs. 3A and 3B depict examples 300 and 350 of raw motion vectors of highway traffic
extracted from a decoded MPEG video stream (according to step 610 of Fig. 6). Fig.
3A illustrates motion vectors superimposed or overlapping with their corresponding
frame 300. Fig. 3B shows the motion vectors themselves 350, without the still image
in the background. In Fig. 3B, there are three long, substantially vertical white lines
depicting the road borders of the divided highway shown in Fig. 3A. In Figs. 3A and
3B, the motion vectors of upstream road direction (left) are highlighted by black lines,
and the motion vectors of downstream road direction (right) are highlighted by white
lines. From the example, a number of incorrect motion vectors can be seen in both the

upstream and downstream directions.

Figs. 4A and 4B are still images 400 and 450 of the filtered motion vectors of highway
traffic. Fig. 4A illustrates filtered motion vectors superimposed on or overlapping with
their corresponding frame. Fig. 4B shows the filtered motion vectors themselves
produced by step 620 and the process of Fig. 8. Similar to Figs. 3A and 3B, the motion
vectors of upstream road direction (left) are highlighted by black lines, and the motion
vectors of downstream road direction (right) are highlighted by white lines. Following
the processing of step 62, the incorrect motion vectors in both the upstream and

downstream directions of Figs. 3A and 3B are eliminated in Figs. 4A and 4B.

Fig. 5 illustrates a projective transform between image coordinates 500 and world
coordinates 550. This applies to all flat-surface moving situations. Because of the
perspective view of the camera as well as the non-perpendicularity between the camera
axis and the road surface, the motion vectors are not homogeneous in the image

coordinate. For example, the motion vectors at the near end of the camera appear



said filtered notion vectors. 20. The apparatus according to claim 14,
wherein said video streamis a notion vector presentation of conpressed
vi.-deo. 21. The apparatus according to claim 20, wherein said conpressed
video has a format selected fromthe group of formats consisting of MPEG
and H. 26x. 22. The apparatus according to claim 14, further 2ndayd002) neans
for detecting speed based on an anplitudge calculation of said filtered
notion vectors. -24- 21 May 2002 23. The apparatus according to claim 14,
further i nbiggelithgh esna thefardad o€ thergmean To tsylve alsie BrablerD CLpHORREYe

conput ati on of m craqbl ocks with nonzero nption vectors. 24. The apparatus
accor di ng enséers) ¢anthe emplpyedde CPH@%@P mptiop yestoFoiromdMmpgaeqdingles o thesed on
a conbi nat | ; ' i @n, | based on
" anpl { tudandSpodRaRd, SARERh KuiliieE el Ml v AR ORRERT AELRE bty
det ect ed byparalbel de thiegpaat plananPeing tah @fif-lxie sters fal| op alcre Winedonmime tan ot | on

vectors. 25. The apparatus accordjng to claim 14, erein said interfrane
mot i on vecHRSFHIE F@“@%@ﬂ%é’&“ﬁ%ﬁ“ﬁ@e @P@&%ﬁ@%ﬂ%ﬁ%@?ﬁ@rlﬁap lage. Bghe The

appar at Us. AeATelb ik dik B, ohd ne WBHE b AlrdRafks okd EY), BkaIRBA niih g 2t

| east one
determined by the rotation angles of the camera setting and is used to compute the

transform:
X x
Y |<H|y
1 |

By this transform, the motion vectors are made homogeneous in the world coordinate.

In particular, the matrix can be obtained in the following manner. Firstly, the matrix
H1 is determined to transform the acquired image. The image is usually taken at an
arbitrary angle from the road. The acquired image is transformed to that of an image
taken by a camera having an axis perpendicular to the road surface. If the angle
between the x-coordinate axis of the acquired image and the transformed image is «
and the angle between the y-coordinate axis of the acquired image and the transformed

image is £, the transform matrix H/ can be defined as follows:

cosff 0 -sinf) (! 0 0
Hi=| 0 1 0 |e/0 cosa sina
sinf 0 cospf 0 -sina cosa

If the camera view does not cover the road surface after the transform, the camera
origin may be translated to the place directly above the road surface. For simplicity but
not lose general application, the camera is assumed to be placed appropriately above
the road surface so that the camera view covers the road surface after the transform.

Therefore, this translation is not included in this step.



means for elimnating any notion vectors that do not coincide wth a
predeterm ned direction; neans for elimnating any notion vectors that

i ntersect with other notion vectors; neans for elimnating any notion
vectors that cross a predeterm ned border; and neans for elimnating any
notion vectors that do not have an appropﬁ'_ate anplitude or XiMay 202 A
conput er program product having a conputer readabl e nmedi um having a
conput er programrecorded therein for extracting notion information from an

encoded vi deg_st ga | 1 | F ' r fi
canera setti Scs‘,)%g dg‘ggﬁ\/\/{e}f) 1% %&%ﬁgg’i {e&érﬁﬁ%@%lﬁ%ﬁ{v éé?lsnt 3?3’%@#%8@‘9%%%‘8@%
product i ncl yahsfgtmeddmage teordmans bbtairtd uSiigiZon Vet eaBeafbaisiefadd me sai d

encoded video stream neans for filtering said notion vectors based on
pr edet er mi neBeRersigWeglistancesigtyeaythe paneraand thetgad surfacgps/Z 2be fransfgrmareans

for determ nh&gtigﬁ%% g{vg}lqggolgwsarreters based on said filtered notion

H2=%
f

Finally, the matrix H is determined as merely the concatenation of the two transforms
HI and H2:

H=HIloeH?2

The embodiments of the invention are preferably implemented using a computer, such
as the general-purpose computer shown in Fig. 9. In particular, the processes of Figs. 6
and 8 can be implemented as software, or a computer program, executing on the
computer. The method or process steps for extracting motion information from a video
sequence containing interframe motion vectors are effected by instructions in the
software that are carried out by the computer. The software may be implemented as
one or more modules for implementing the process steps. A module is a part of a
computer program that usually performs a particular function or related functions.
Also, as described hereinbefore, a module can also be a packaged functional hardware

unit for use with other components or modules.

In particular, the software may be stored in a computer readable medium, including the
storage devices described below. The software is preferably loaded into the computer
from the computer readable medium and then carried out by the computer. A computer
program product includes a computer readable medium having such software or a
computer program recorded on it that can be carried out by a computer. The use of the
computer program product in the computer preferably effects an advantageous
apparatus for extracting motion information from a video sequence containing

interframe motion vectors in accordance with the embodiments of the invention.



vectors. 28. The conputer program product according to claim27, wherein
said filtering neans includes neans for elimnating any notion vectors

that: do not coincide with a road direction, intersect with other notion
vectors, cross a road border, or do not have appropriate anplitude or'size.
29. The conputer program product accordi ng%to claim 27, wher2i Kag2002

predet ermi ned paraneters include speed, density and flow. 30. The conputer
program product according to claim 27, wherein said predeterm ned
parameters are provided at regular tinme intervals. 31. The conputer program
product accoilté ngmpetersystem 200 cansistsedfithe edrdpwencied videdalvspday Bhprandsinput

bt df T t duct di
ol arm 7. wnipBes 28 PR aciionn e combtr R dh 80 ALY ot Atbst og ©
sai d notion bePEiphi dé"\‘fldé§ iR dIRY (iR Olas @ Pinvetd, Dl&tiers ahd oftet t er ed

notion vectors. 33. The conputer program product according to claim 27,
wher ei n sai dreprothotien deviessi conneatest fodhe vaoputer Qﬁ%sﬂmmmtcrcsystcm@pﬂembd

vi deo. 34. The co ter roduc according to c erein said
compr essed vFaUEoREL 8 G Rt ThP S8R s BB Prer EOShReRst | ng
of MPEG and bh#6Xriate communication channel 930 such as a modem communications path, a

computer network, or the like. The computer network may include a local area network

(LAN), a wide area network (WAN), an Intranet, and/or the Internet.

The computer 902 itself consists of a central processing unit(s) (simply referred to as a
processor hereinafter) 904, a memory 906 which may include random access memory
(RAM) and read-only memory (ROM), input/output (I0) interfaces 908 A and 908B, a
video interface 910, and one or more storage devices generally represented by a block
912 in Fig. 9. The storage device(s) 912 can consist of one or more of the following: a
floppy disc, a hard disc drive, a magneto-optical disc drive, CD-ROM, magnetic tape or
any other of a number of non-volatile storage devices well known to those skilled in the
art. Each of the components 904 to 912 is typically connected to one or more of the

other devices via a bus 914 that in turn can consist of data, address, and control buses.

The video interface 910 is connected to the video display 916 and provides video
signals from the computer 902 for display on the video display 916. User input to
operate the computer 902 can be provided by one or more input devices 908B. For
example, an operator can use the keyboard 918 and/or a pointing device such as the

mouse 920 to provide input to the computer 902.

The system 900 is simply provided for illustrative purposes and other configurations
can be employed without departing from the scope and spirit of the invention.
Computers with which the embodiment can be practiced include IBM-PC/ATs or
compatibles, one of the Macintosh (TM) family of PCs, Sun Sparcstation (TM), a
workstation or the like. The foregoing are merely exemplary of the types of computers

with which the embodiments of the invention may be practiced. Typically, the



35. The conputer program product according to claim 27, further including
nmeans for detecting speed based on an anplitude cal cul ation of said
fi.ltered notion vectors. 21 May 2002 -26 36. The computer program product
according to claim?27, further including neans for detecting density based
on occupancy conputation of m crobl ocks v_vilé_h nonzer o notion Meapreo2 37.
The conputer program product according to claim 27, further including neans

for estimati pghckdserohihseehbodinterty) dbschidbd Aereiafien ardesidehtdessiiredetect i on,
sai d speed detected based on an anplitude cal culation of said filtered

moti on vect oPEEEHE recardpdaaasharg diskidsivedgensyalyifepictadamiseketapntia. o as be
m crobl ocks \%lfigut@f)%ﬁz{lﬁ RGO a\ﬁﬁgéa%r d cﬁﬁtroﬁéa%sﬁ&'mé‘@ﬁorc £6Pg64m product
accordi ng to C Im , V\ﬁer el n sal Interfrane notion eCFOI’S are gener at ed

usi ng el ect r ditegnediute storageddtiohprogranBshd viler davarmd @1y dacofpiched proaoihe t
according to claim 27, wherein said filtering neans includes at |east one
of : means foReoFRMNbeRsCAmRlishsd neRS thecserliconduetor MemaBt duPasslE i t h a
predet er mi nedoglfaabl AL naRPAIE afigk 9P, Wiia b hodMin FRE 008 HRELP oy Nt
i ntersect wi ot her notion vectors;

camera can be coupled to the computer 900 to provide video data. Video capture cards,

video I/O boards, and the like are well-known to those skilled in the art.

In some instances, the program may be supplied to the user encoded on a CD-ROM or
a floppy disk (both generally depicted by block 912), or alternatively could be read by
the user from the network via a modem device connected to the computer, for example.
Still further, the software can also be loaded into the computer system 900 from other
computer readable medium including magnetic tape, a ROM or integrated circuit, a
magneto-optical disk, a radio or infra-red transmission channel between the computer
and another device, a computer readable card such as a PCMCIA card, and the Internet
and Intranets including email transmissions and information recorded on web-sites and
the like. The foregoing are merely exemplary of relevant computer readable mediums.
Other computer readable mediums may be practiced without departing from the scope

and spirit of the invention.

Thus, the embodiments of the invention perform motion information extraction using
compressed video containing interframe motion vectors. The motion information is
extracted under fixed camera settings and in a well-defined environment. The system
includes a motion-vector extraction module, a motion vector-filtering module, and a
motion information determining module. The motion-vector extraction module
separates motion vectors from MPEG or H.26x streams when decoding. The motion
vector filtering module eliminates incorrect and noisy motion vectors based on the
well-defined environmental knowledge. The motion information determining module
may include one or more of the following: a speed calculation module, a density
estimation module and a flow detection module. The speed-calculation module

computes speed based on motion vector statistics. The density-estimation module



means for elimnating any notion vectors that cross a predeterm ned border;
and neans for elimnating any notion vectors that do not have an
appropriate anplitude or size. .AL.Al.Ar.A .ANE . Aa. AL. AY. Al . AY9. A  AY,
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for motion vector calculation. Further, the embodiments utilise a digital infrastructure.
MPEG and H.26x are standard digital formats for video transmission and storage. Still
further, the embodiments provide broad viewing coverage, since MPEG and H.26x can
support low resolution images. Yet another advantage is that the embodiments are cost
effect since video encoding cards are relatively inexpensive and widely used by

consumers.

In the foregoing manner, a method, an apparatus, and a computer program product for
extracting motion information from a video sequence containing interframe motion
vectors have been described. More particularly, a method, an apparatus, and a
computer program product for monitoring traffic by extracting motion information
from an encoded traffic video stream containing interframe motion vectors have been
described. While only a small number of embodiments are described, it will be
apparent to those skilled in the art in view of this disclosure that numerous changes
and/or modifications can be made without departing from the scope and spirit of the

invention.
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2. The method according to claim 1, wherein said filtering step includes

the sub-step of eliminating any motion vectors that: do not coincide with a road
direction, intersect with other motion vectors, cross a road border, or do not have

appropriate amplitude or size.

3. The method according to claim 1, wherein said predetermined

parameters include speed, density and flow.

4. The method according to claim 1, wherein said predetermined

parameters are provided at regular time intervals.

5. The method according to claim 1, wherein said encoded video stream is

obtained from a sky camera.

6. The method according to claim 1, wherein said determining step
includes the step of calculating said motion information using motion vector analysis

on said filtered motion vectors.

7. The method according to claim 1, wherein said video stream is a motion

vector presentation of compressed video.
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9. The method according to claim 1, further including the step of detecting

speed based on an amplitude calculation of said filtered motion vectors.

10. The method acéording to claim 1, further including the step of detecting

density based on occupancy computation of microblocks with nonzero motion vectors.

11.  The method according to claim 1, further including the step of
estimating flow based on a combination of speed and density detection, said speed
detected based on an amplitude calculation of said filtered motion vectors and said
density detected by an occupancy computation of microblocks with nonzero motion

vectors.

12, The method according to claim 1, wherein said interframe motion

vectors are generated using electronic encoding hardware.

13. The method according to claim 1, wherein said filtering step includes at
least one of the sub-steps of:

eliminating any motion vectors that do not coincide with a predetermined
direction;

eliminating any motion vectors that intersect with other motion vectors;

eliminating any motion vectors that cross a predetermined border; and

eliminating any motion vectors that do not have an appropriate amplitude or

size.

14.  An apparatus for extracting motion information from an encoded video
stream containing interframe motion vectors under fixed camera settings and a well
defined environment, said apparatus including:

means for separating motion vectors obtained from said encoded video stream;
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15.  The apparatus according to claim 14, wherein said filtering means
includes means for eliminating any motion vectors that: do not coincide with a road
direction, intersect with other motion vectors, cross a road border, or do not have

appropriate amplitude or size.

16.  The apparatus according to claim 14, wherein said predetermined

parameters include speed, density and flow.

17.  The apparatus according to claim 14, wherein said predetermined

parameters are provided at regular time intervals.

18.  The apparatus according to claim 14, wherein said encoded video stream

is obtained from a sky camera.

19.  The apparatus according to claim 14, wherein said determining means
includes means for calculating said motion information using motion vector analysis on

said filtered motion vectors.

20.  The apparatus according to claim 14, wherein said video stream is a

motion vector presentation of compressed video.

21.  The apparatus according to claim 20, wherein said compressed video has

a format selected from the group of formats consisting of MPEG and H.26x.

22. The apparatus according to claim 14, further including means for

detecting speed based on an amplitude calculation of said filtered motion vectors.
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estimating flow based on a combination of speed and density detection, said speed
detected based on an amplitude calculation of said filtered motion vectors and said
density detected by an occupancy computation of microblocks with nonzero motion

vectors.

25.  The apparatus according to claim 14, wherein said interframe motion

vectors are generated using electronic encoding hardware.

26.  The apparatus according to claim 14, wherein said filtering means
includes at least one of:

means for eliminating any motion vectors that do not coincide with a
predetermined direction;

means for eliminating any motion vectors that intersect with other motion
vectors;

means for eliminating any motion vectors that cross a predetermined border;
and

means for eliminating any motion vectors that do not have an appropriate

amplitude or size.

27. A computer program product having a computer readable medium
having a computer program recorded therein for extracting motion information from an
encoded video stream containing interframe motion vectors under fixed camera settings
and a well defined environment, said computer program product including:

means for separating motion vectors obtained from said encoded video stream;

means for filtering said motion vectors based on predetermined knowledge of

said environment; and
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have appropriate amplitude or size.

29.  The computer program product according to claim 27, wherein said

predetermined parameters include speed, density and flow.

30. The computer program product according to elaim 27, wherein said

predetermined parameters are provided at regular time intervals.

31. Thé computer program product according to claim 27, wherein said

encoded video stream is obtained from a sky camera.

32.  The computer program product according to claim 27, wherein said
determining means includes means for calculating said motion information using

motion vector analysis on said filtered motion vectors.

33. The computer program product according to claim 27, wherein said

video stream is a motion vector presentation of compressed video.

34.  The computer program product according to claim 33, wherein said

compressed video has a format selected from the group of formats consisting of MPEG

and H.26x.

35.  The computer program product according to claim 27, further including
means for detecting speed based on an amplitude calculation of said filtered motion

vectors.
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38.  The computer program product according to claim 27, wherein said

interframe motion vectors are generated using electronic encoding hardware.

39. The computer program product according to claim 27, wherein said
filtering means includes at least one of:

means for eliminating any motion vectors that do not coincide with a
predetermined direction;

means for eliminating any motion vectors that intersect with other motion
vectors;

means for eliminating any motion vectors that cross a predetermined border;
and

means for eliminating any motion vectors that do not have an appropriate

amplitude or size.



