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FRAMES OF CLEAR FACES THROUGH A SEQUENCE OF I MACGES Field O the Invention
5 The pr ewer/oessventi on generally relates to digital videecTrsgingssystens.
More particularly, the present invention relates to a nmethod and apparat us
which uses real-tine imge processingl video processing, video inmage

anal ysis, video indexing and pattern recognition techniques to interpret
and use video information. 10 Background of the Invention Wth the growth
and popul arity OAPMRAWSIANMEWH@H@RME@TM KE¥ FRAMES @Bl e to
store greater anounts of fornatlon and retrleve data nor e qui ckly than
ever before. AdvarfeleEAR ARQUGH; A SEQUENLE OF IV & ecommuni cat i ons
have enabl ed video to becone an i nport ant dat a type for the 15 future.
However, it is not enough to sinply store and play back conpl ete video
data as ihieldd@ftheInventiofeo- on- demand services. G ven so nuch video

col | ectd ons Y, r on from
t hese 3sources [ s&%ﬁ%b ftﬁ}en‘t"sawegseg{]e?ﬁwnv%z?]tte:égh dlg\f ?ggglﬁ% Hq\log\élarg?fs W th
t he develMumegpdrtiodlary dihe ;sresela!tranemimnratqﬂeeso a:meltmtganp ap@@rafcud%ncth i ps
stored on a vidFO server i s as .si doc*nents on

word pr odses P UPedaIads BACBRSINGCURER IIRCaR I WiEe e ST eS « h
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accur ately rettieved by key words, the tinme-dependent nature of video makes
It verylmfofmatmﬂlt to manage NUch of the vast quantity of video containing
val uabwa : Akio: uni ndexed. This is because whereas the

t ext ua aimeins i pe—teadi |y parsed into discrete words, that can
each be COWparWﬁ!hvmbh rthﬁdQﬁd neshUigrty Vo dsultimediaC learnpitiay - te;:hnbbgaesi; er
basi s; video |nformat|on Is far too rich and conplex to be simlarl

parsed. SBEES @xe able do \stereograatrixamguntsy of Eﬁ%mﬁﬂﬂﬂ ?deﬁgfea’ﬁoﬁj%atﬁ‘%%ew t he

entire VighaP R0 EeR Hefofe 3 AGMAAEC  S0atiPABindrbEXibn, | B, Cany ©! C€)

manual | y I'tS scenes Vi ousl vy, approac feasi bl e
consi der itelgcohmnaticatinscleavel enabled gided tmtxéeommml impertant data type for the

15 future. However, it is not enough to simply store and play back complete video

data as in commercial video-on-demand services. Given so much video
collections, how we effectively organise, retrieve and use information from these
sources is what this present invention is addressing.
Nowadays, with the development of video server technologies, calling up
20 video clips stored on a video server is as simple as calling up word documents on
a word processor, or doing a term search on an Internet search engine with a
browser. However, unlike a word document, which may be indexed and
accurately retrieved by key words, the time-dependent nature of video makes it
very difficult to manage. Much of the vast quantity of video containing valuable
25 information remains unindexed. This is because whereas the textual information
may be readily parsed into discrete words, that can each be compared with
predefined key words on a character-by-character basis; video information is far
too rich and complex to be similarly parsed. Some existing video indexing
systems require operators to view the entire video packages and to assign index
30 means (text, image, or voice) manually to each of its scenes. Obviously, this
approach is not feasible considering the abundance of unindexed videos and the

lack of sufficient manpower and time. As a result, many automatic and semi-



| ack of sufficient manpower and tinme. As a result, many autonmatic and sem
WO 03/028377 PCT/ SG01/00188 2 autonatic nethods were devel oped to extract
i nf or mat i wo oBh2t37tdescri bes contents of the recorded vi deeCrsGot/h@Bs These
met hods can be divided into three categories. The first category extracts
text information from audi o-video cont@nts and 5 uses them as indexes.
This technique will | ook at the textual representation derived from

annot at i qmomaﬁe%ahsds weaémempedeté@xt?aaﬂwmmhemapaeédrm@stdmembos ed
captioni ng that mg 4 be avail abl e on broadcast material. Exanple i ncl ude
ecde

the proj et theorecrrded widepumaterial i TheseDmetiodsosamahe dividask lntpat:hieatory
of Languaﬁ%‘%@;} |\/de a Processing at the University of Maryland. In 10 their
pr oj ect varyl ng text information is extracted and tracked in digital
video for indihe figst vategay rextrasts tekhinfomeationt froi dedioGadesvephteties ahdped by

Pictron_is aI so able to extract closed c ns from dij |taI vi deo as text
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extracts q %?ﬁﬂédffg e wrstrﬁo\;\g’eﬂﬁé@&% %Fné@%cBhpﬁ@kt gct e anz’fr&}ﬁelhésed in

two ways. , Scene rea are | static
frames arclossrl eaptidniag thaprmightt be i available ansbroadcadix angibrsl. i rictanples US
Patent nunber, 5635982 S Paten er. 6137544 S Pat.ent nunbe 767922
" Aut omat i BCRIFBeBS RiQiec chorg.ﬁ!&?qg{”t;y VPRiggsLh i ¢ ?V'eb ngmﬂBBeg Ses

(A Nagasgkgrafory-o fT@d@@gePémeeo@mbrm%my;am UnfrstysspMaPaba& 23R
Syst ens, Budapest . 119-133), 20 and "Video Handl i ng ased on

St r uct 10 dtheir rpfr@;remattlmrvamngrm infeumnationyistexiracted and Tiasked imdigitet videol nt * |

the secorti i n FrtiaVBh b SRENENViRSoARRET, a5 Sipenly RIS Y (o

SONMe predgiso ablé t@reit@rct aloséb@aptnomgfrbm digitali vidéoids textanddx@sed reference
dat abase, key feature priori nodels. One exanple is the work 25

perforned by d-ﬁﬁgséﬁo%d category;&sgs&nagp/wm analysts t&&hgmgsoandr oxieaetser
P : am@QHQ :
1:5?92?25 lﬁ?yfi@gg)@%éﬁ@?ﬁa@g%&o@%ﬁgbyses Qp ec es in video alt anngp

uses the theefirsywaysdsearee bhesksagre ridentéied B8d PstatiatfrarnebeareS8aleskd as
descri besre(f:‘nesentatives of a scene. Examples include: US Patent number 5635982, US
Patent number 6137544, US Patent number 5767922, "Automatic Video Indexing
and Full-Video Search for Object Appearances" (A. Nagasaka & Y. Tanaka, Proc.
2nd Working Conf. on Visual Database Systems, Budapest, 1991, pp. 119-133),

20 and "Video Handling Based on Structured Information for Hypermedia Systems"

(Y. Tonomura , Proc. Intl Conf. on Multimedia Information Systems, Singapore,

1991, pp. 333-344). In the second way, specific images are identified as key

frames according to some predefined criteria. The criteria may include pre-stored

reference database, key features, or priori models. One example is the work

25 performed by Gong et al. (Y. Gong et al. Automatic Parsing of TV Soccer

Programs, The 2nd ACM International Conference on Multimedia Computing, pp.
167-174, May 1995).

- The last category analyses speeches in video data and uses the

recognized speeches as indexes. US Patent number 5828809 describes a

30 method and apparatus to automatically index the locations of specified events on

a video tape. In this patent, a speech detection algorithm locates specific words in



30 nethod and apparatus to automatically index the | ocations of specified
events on a video tape. In this patent, a speech detection algorithm

| ocat es swemBfegs7mwords in WO 03/ 028377 PCT/ SG01/ 00188 3 troa/ssudh@sporti on
data of the video tape. Locations where the specific words are found are
passed to the video analysis algorithm3or further processing. The present
invention falls into the second category of video indexing techniques.

Mor e specthkiatadid portidn @abmﬁetwué&@p%ecmt@%we tRé sb@@ufé%&rﬂg aré
category. That is, the present invention is related to identifying specific

i mages asfonay are aa’é%e@tsbtbledné@o apalysiselgerébet fon furtharinreeessin®y  obser vi ng

the prior art b.
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i nf or mat i leaverendert  theth S ko ukticanline bprodugtient grobyssesy aewmateArarbméuder
I nvestigation 'process t?égl fies the problem A security officer
request ednaBagemesh enablee HiBEd PMYNEERe. sand ef¢CXAERSS \BXHRING: dn?’ieﬁ'@ who is
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For many non-media video information, which normally consists of real-life

events, existing video indexing techniques (including key frame extraction) seem

20 inefficient or unsuitable. Unfortunately, such kind of non-media video data
occupies a considerable portion of the video information market and should not

be neglected by any‘ means. An intruder investigation process typifies the
problem. A security officer is requested to screen the recorded digital surveillance
video to find who is the intruder. The officer then spends hours sitting before his

25 desktop, selecting one-by-one the recorded digital video files, reviewing all the
selected files (although most of them are nonsense), and playing the relevant
video file forward and backward to locate and select the specific frames which
contain clear pictures of the intruder. Such a process is time-consuming,
inefficient and expensive. The implication is clear. With video information
30 becoming more valuable and the market becoming broader, users’ expectations
rise. They want means to intuitively search the video, find the precise segrﬁents

or frames they need, re-express, compile, and publish them with unprecedented



i nefficient and expensive. The inplication is clear. Wth video information
30 becom ng nore val uable and the narket becom ng broader, users
expect at i wo93/028332. They want means to intuitively searchPChsGor/dess find
the precise segnents or franes they need, re-express, conpile, and publish
them wi th unprecedented WO 03/028377 P£T/ SG1/00188 4 speed and facility.
Exi sting key frame extraction and video indexing nethods nay provide the
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o ohor " dioousd, B ERRleRlonR TG b Sl BRtk et g At PlhradnirasTe R B s

cont ent ith® Yohtss (whb) Whah oy thd caifrRa W ubed durmgueiRy Fecordingr Htd enpts
at face detection include US Patent nunber 5835616 which discloses a two

st ep procestentdasadt\idee iivdexing syRiengan beravefoped tonfugiherianalyse the
e Pt N . eyl X £ 1h
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face i s ofigeeatnisesbethe msersages that include enhancing the digital inage
with a blurrin filter and edge enhancer .in order to hetter forth the
uni que faci al gf aftepts W@C%%Pﬁcé'ﬁﬂén‘af’d?l’ﬁjes atea nvag@f@?’é%ﬁéwm by
finding Ik Hagla! b B+ BiAt hai [;Egﬁ, is f the
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ly | , i thi ' f f | . That i '
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various faebipliEked i efagernthae ifdtede eARaNéh§ 3R Uiitdliifigeswith @ bRirfieg and

apparatus_for identifying, or verifying, the identity of objects such as
faces. THitespndeedgelenhancarisingardes e beligresat Soithtthenunigee ifasigk feateiesas t he

verity AR hediiniin el 1 BEni R Gy ol aGRTRMAeatlrsl 2T, 0

requi r 3l Within tthe digitdleimage. beRatiss ofittad distances bHiwkeanthesé faand nfagial
showing the full facjial features. US Patent I\{o 6, 138, 777 di scl gses a
syst em t deatyRs1¢an tthapk bg pgp'@@(eciju@n previously stored reference ratios for

recognition. However, this patent merely locates a face within a single frame of
an image. That is, given a frame, the system is able to determine the presence of
a face provided the various facial features can be seen.

20 WO 9803966 discloses a method and apparatus for identifying, or
verifying, the identity of objects such as faces. The system identifies various |
objects within the image such as the eyes and ears. The attributes of these
objects may be compared in order to verify the authenticity of an identity of a
person. However, again, it is required for the system to be presented with a

25 frame of an image showing the full facial features.

US Patent No. 6,188,777 discloses a system to robustly track a target such
as a person. Three primary modules are used to track a user’s head, including
depth estimation, colour segmentation and patent classification. However, this
patent is more concerned with tracking a person and detecting the face of the

30 person.

US Patent No. 6,184,926 provides for the detection of human heads, faces
and eyes in an uncontrolled environment. This system did consider different head



as a person. Three primary nodules are used to track a user's head,

I ncluding depth estinmation, colour segnentation and patent classification.
However, whios/2gsatent is nmore concerned with tracking a p@CIGGOHNESS
detecting the face of the 30 person. US Patent No. 6, 184,926 provides for
the detection of human heads, faces and eyes in an uncontrolled
environnment. This system did consider different head WD 03/ 028377
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exi sti ngqutedePthestesenes bes ftesams thepeidaniifisafthedacee. |f a content - based
vi deo i ndexi ng system can be devel oped to further a a@/’ze t he vi deo

content and sMasyt meteodeepndr apRayalls Rare fran PER nYERP JReXINgs i | |
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varying _ _ lon o ce of a person within a frane
of ? mlmt@ajecﬂmioapd,lrlm lso?mieeo?pgﬁcattdms suchest vilee suiveillasicet wheré thee, i n
nost instances a single fra of i e is consjdered .and .analvysed. These
echn quEomiembWa?. Waal HE(EIda o Qe gtesEste SRR vidke BRSxBE TestFiduesio not
addr ess §FEn§Mbﬁ§bﬁ\)€?‘”R? EOEREDSsed Pt %AdeNtifg syé@hecan RC@sVEIBSedfo a
person's tace is desired during the making of a transaction, such as at an
ATM syst dumthért anadyaed thee videofeondgntearich selet they key fiameswithphigheocartestt t he

cl earest i mage of .the .face of. the rson froma video sequence. Such a
system WOAP aB‘Eﬁ/i"o‘ﬁ@I e%ﬂaﬁﬁs%@ﬁgp%g?e%'nunber of frames, as opposed to

a singlse frangnist the above systems provide, in varying aspect, for the detection of
the face of a person within a frame of a video image and, in some cases, the
identification of that face, in most instances a single frame of image is considered
and analysed. These techniques, whilst possibly addressing some surveillance
concerns, do not address all surveillance concerns. For example, where a record

20 of a person’s face is desired during the making of a transaction, such as at an
ATM system, it would be preferable for the system to be able to select the
clearest image of the face of the person from a video sequence. Such a system
would obviously need to consider a number of frames, as opposed to a single
frame.

25 Object of the Invention

It is therefore an objective of the present invention to provide a content-

based video indexing system which can automatically detect the presence of
human faces in each image frame of a video sequence, analyze the detected
human faces and identify the frames with the clear faces as the key frames for the

30 video sequence.
It is another objective of the present invention to provide a content-based

video indexing system which has reliable operation in real life applications and is



25 bject of the Invention It is therefore an objective of the present

I nvention to provide a content- based video i ndexing system which can

aut omat i calolog/odsstect the presence of human faces in eachpPormgwifoidse of a
vi deo sequence, analyze the detected human faces and identify the franes
with the clear faces as the key franmesgfor the 30 video sequence. It is
anot her objective of the present invention to provide a content-based

video in ' e i | [ | §
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f unct i on gnvirpaments)ahdrfagaposes. | i ghting condi ti ons, background

envi ronnments, and, face.poses. further. objective of the present invention
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t he | nventidem seguéncase regardiessbicethes skin ¢olog, haih eolor ex enther golontietated

provi des in. »nge aspect a systemfor determining a key frame of an inage
sequence A S said 10 key franme includes a clearest inage of the face
of a per Bimhis sFthe lhv@stonsequence, said systemincluding: an inmage

i nput nmeans for receiving the i mage sequence of the person; and  a
processi ng nedY§hithe abpve objacky in Haindadbe Aresert pwestion ipfovides inrane of

t he i mag t A i f. ' i mage
of - 15 ¢ eSheg SaySIER for BT A1l Haniof n 17U sehublifc SrEALRRAig 100
frame 1y keyafrasieninciudes dicledrest magkenf ithg face afsa Ipleesare frioom shigk irhage
persons face, scanning .the region to find the nmost likely position of the

face, ancFCI¥ENGR;SAd SReeMPElNGet ernine a cl earest val ue The processing
means may the PR t I ne

t he cl earest ﬁrgme. Tiﬁgh?@ge?bﬁq%ﬂ@%ﬁ:ﬁtﬂ esqﬁ]ﬁglg%ggﬁghg%gfg%eﬁéggﬁéﬁ%n
enabl e the keya pranessingtroe@ns farddentifyingithefaee phthet pelsonds easpdrareaefvi deo.

| deal I'y Ctﬂgplﬁ"%%%esdeq\ﬁ'eﬂgg and then determining which frame is the clearest image of

15 the person’s face.

Ideally the processing means will compare each frame by analysing the
pixels to identify a possible region for the persons face, scanning the region to
find the most likely position of the face, and analysing the face fo determine a
clearest value The processing means may then compare the clearest value of

20 each frame to determine the clearest frame.

The system may further include a storage means to enable the key frames
to be stored with or without the accompanying video. Ideally compressed video
would be included together with other data such as the date and time.

The system may advantageously by employed in an ATM surveillance

25 system so as to record details of each transaction, together with the key frame
and any other relevant data. The ATM surveillance system may be triggered by
detection of motion approximate the ATM machine, or alternatively by a user
commencing a transaction.

Brief Description of the Drawings

30 Further advantages of the invention will become apparent by reference to
the detailed description of preferred embodiments when considered in conjunction
with the following drawings wherein:



woul d be included together with other data such as the date and tine. The
system nmay advant ageously by enployed in an ATM surveillance 25 system so
as to recwpd3dessai | s of each transaction, together wth tireTisep1/Hease and
any other relevant data. The ATM surveillance system may be triggered by
detection of notion approxi mate the ATM machine, or alternatively by a user
commencing a transaction. Brief Description of the Drawi ngs 30 Further

advant ages of I v ' i) | a e
detail ed descﬁ ?oﬁ %ﬁdﬁftyrelr eﬁr%g%ﬂcﬁlnentirsﬁeﬁfycéonél&ﬁi\gé}{e{@n%ﬁ ATHE
conj unct sarveillance sybtenm ol | owi ng dr awi ngs wherein: WO 03/ 028377

PCT/ SG01/ 00188. 7 Fi 1 shows th at i onal. di f . i onal
ATM survei | 1 K1Re 59 8BANE; Blr 8perlRBRb GRTaRt ot RoRireURdg FARGHMGt

preferr eﬁ‘infé’lﬂq@it "&Rbte AT SlvEMIBRe SPstBIG of TN BreskAt InvBAGEn System) of the
present invention 5 Figure 3 shows a bl ock diagramof the preferred
enmbodi ent of FIweaBesiowsabhloak diagranef theprefarretl embadinenttafdigured? | i gent

Cot R ey DO pRuRbRL 0Pl SPoP P ETRRN SR S e MR B
of the pftHepretsiredbatbomnéntess Siswmin Rigbrglg e 3 10 Figure 6 shows an
operational diagram of the event detection of the intelligent data

i ndexi ng & ar Eigurefyshowsithg dataflow gf the intelligort data dndexdng &nanchiingpbim of
t he key | fim LRt ' t data indexing & archiving in
Fi gure 4%?%‘@%@%%'618 ‘%%Eh%‘{vﬁtgﬂa:!qlgégt he key frame extraction of the
15 i nt¥ | i genfFiglatabi stiews ran &perativnal jagranticfjuhe dvéntgdeteclionhofvthea t he

Dk O Seont i indsing RBohRIG KA Actr Syt o Lhe preferred
(I;?;][ 2??2?%%5%\{{%% shBWR U 8pératiBRaldiaytams df tHE kBY Frdh® EixfBcidn bithe
intelligent data indexing & archiving in Figure 4
Figure 8 shows a block diagram of the key frame extraction of the
15 intelligent data indexing & archiving in Figure 4
Figure 9 shows a the block diagram of the two-step remote data retrieval of
the preferred embodiment in Figure 2
Corresponding reference characters indicate corresponding parts
throughout the drawings.

20 Description of the Preferred Embodiment

The preferred embodiment of the present invention will be discussed
herein after in detail with reference to the accompanying drawings. Descriptions
of specific scenarios are provided only as examples. Consequehtly, the present
invention is not intended to be limited to the embodiment shown but is to be

25 accorded the widest scope consistent with the principles and features disclosed
herein.

Referring to the drawings, a conventional ATM surveillance system is
shown in Figure 1. Normally, for an ATM machine 1 installation, there is at least
one CCTV camera 2 installed nearby to monitor the transactions. The purpose of

30 this camera 2 is to deter unlawful transactions and vandalism. In the event that a
dispute arises, the video captured by the camera 2 will be used in court. To
record the video, two types of recording equipment are used in the conventional



The preferred enbodi nent of the present invention will be discussed herein
after in detail with reference to the acconpanying draw ngs. Descriptions
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in nature and the recorded video usually has no close correspondence to
t he user detgeddicagneansiahelp. identifyugeful yidea srgreents. dloweven sHcly mribods

are quite elementary in nature and the recorded video usually has no close

correspondence to the user interested events. In addition, the size of digital video
clips (10MByte for 1 minute VCD quality video) is generally very large when
20 considering the limited bandwidths of communication channels. It will cost a user
more than one minute to retrieve a one-minute video clip from the remote site
through an ISDN 2B line. If the video clip is not the desired one, the user has to
spend a longer time in ﬂndihg and retrieving the correct one.
In ATM surveillance applications, the ultimate goal is to identify the people
25 in the video clip. The user has to go through the whole video clip, compare every
frame, find the frame with the clearest face, save the identified frame into a
separate file and send it to the relevant authorities. In normal ATM operations, a
user transaction usually takes one to two minutes. For a one-minute transaction,
the total number of frames contained in the video clip will be 1500 (frame rate
30 25f/s). Obviously, the process is time-consuming, ineffective, and expensive.
To resolve such problems, an intelligent remote ATM surveillance system
is proposed based on the present invention. It will be understood that the present
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surveillance system 6. The intelligent remote ATM surveillance system 6Gincludes

four parts. They are intelligent video indexing & archiving unit 12, automatic data

20 management unit 13, remote request processing unit 14, and local database 8.

The intelligent video indexing & archiving unit 12 is responsible for analyZing

video information captured by the camera 2, identifying useful video clips 5

(people 7 doing ATM transactions), indexing and archiving the identified

information into local database 8. The automatic data management module 13 is

25 responsible for managing the ATM transaction data. It will delete outdated data,

generate statistic reports, and send an alarm to operators when there is shortage

of storage space. The remote request processing unit 14 will handle all the

requests from remote users. If a remote data retrieval request is received, the

remote request processing module 14 will find the desired data from local
30 database 8 and pass the data back to the remote user.

A detailed flow graph of the intelligent video indexing & archiving module is

shown in Figure 4. The analog video signal captured by the camera will be
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S frame of the video clip 25 of the event will be processed by the proposed key
frame extraction method. Only the frames with clear faces will be selected as key
frames and saved into separate files. From figure 8, it can be observed that a

20 component analysis means 26 is first used to analyze the pixels of the frame in
the video clip and identify a possible region containing human face.
The component analysis means 26, may operate in two modes to identify
the possible face region. '
The first mode is suited for uncompressed video data. In this mode,
25 standard image processing techniques are applied to each image frame. Pixels
in each image are grouped into regions based on their grey-level or color
information. Filtering techniques are used to filter out unwanted regions. If
background information (for example, a known background image) is provided, it
will be used in the filtering process to discard regions which belong to the
30 background. After filtering, based on some shape information, a region which is
most likely to contain a face is identified. The shape information may include
head-shoulder shape (for grey-level images) and face shape (for color images).
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A face analysis means 28 is then employed to analyze the pixels of the

face region and use a set of tools to determine a numerical value for each face

20 region which indicates the clearness degree of the pixels contained in that face
region. The clearness degree of a face region may be defined as a weighted sum
of several factors for example:

Clearness Degree =w1 x structural completeness + w2 x contrast value +

w3 x symmetry value + w4 x whatever user-defined
25 . criterion + ...

The weights (w1, w2, w3, w4, ...) can be chosen in such a way that the
resultant clearness degree will have a value between 0 and 1. If the clearness
degree is 0, it means the face is not clear at all. If the clearness degree is 1, it
means the face is perfect. Other ranges may of course be employed.

30 A human face contains two eyes, one nose and one mouth. All these
components are placed in relatively consistent positions. This can be termed the

structural information of the face. Standard image processing techniques
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that |45 value of face regions will be taken as the clearness value of the frame. Frames
with the highest clearness value will be kept as key frames. After selecting key
frames, a region based image enhancement means is then used to enhance the
key image based on the grey-level distribution of the identified face region. For
example, the grey band may be extended to provide a greater contrast in the
20 image.

Figure 8 shows the preferred process for determining the frame with the
clearest face. The process commences by receiving a video stream by any
means. This could include video footage fiimed by an ATM following motion
detection, or alternatively initiation of a transaction by a user at a ATM. Similarly,

25 the process may be used for video footage received from a source other than a
ATM. The video stream is analysed frame by frame. Each frame is firstly
analysed 26 to determine a region of the frame within which it is possible for a
face to reside. This component analysis 26 may include examining each pixel
within the frame to either rule out or determine this possible region.

30 Once the possible region has been located, the region is then scanned 27,
to find the most likely position of the face. This face detection 27 ideally identifies
the top, sides and bottom of the person face, and may be determined through
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hi ghest cl earness 15 value of face regions will be taken as the clearness

value of the frame. Frames w th the hjgghest clearness value will be kept
as key franes. After selecti ng key frames, a region based inmage
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current f ape is not the first frame 29 of the video sequence 25, then the
cl earest W&IMBISF the current frame is conpared to that of the current key
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becones tramoteyATMasgn@llance system is given in Figure 9. Unlike digital video
recording systems, a smart two-step remote data retrieval is employed in the
proposed intelligent remote ATM surveillance system. Instead of spending days
or weeks to find a particular video sequence or event or frame from numerous
20 videotapes, the bank officer can immediately get what they want by simply typing
in time, location or transaction information. Once the intelligent remote ATM
surveillance system receives the request, it will find the closest records from the
local database on the basis of the provided information. Instead of returning the
whole records (video plus frames), which may cost several minutes to transmit,
25 the intelligent remote ATM surveillance system first returns the key frames of the
found transaction. The transmission of key frames only takes a few seconds. If
the bank officer identifies that the returned transaction record is the correct one,
the compressed video data of the desired transaction can be returned in a later
stage.
30 In view of the foregoing, it will be seen that the several objects of the

invention are achieved and other advantageous results are obtained.
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i s used talue ahfscesegidns \4mll>tﬁal takeh ashthef cleamess \alue dédwesﬁqrmancéramels

identify a, pgssible region conta| fac he r.e
cont ai n it 1 highgs{ S8n s aiis wilkBY kepLEs ks Fames” TAReISed SRk
througfs hnéLH Rébl@f'i‘gagécﬂ‘%bﬁé e'ﬁﬁéhcéﬂnléﬁ{ MeaP8sSs tthéﬁ‘ uskd it @nhane e
identifying a top,” bottom and si des of the boundi ng box of
key image based on the grey-level distribution of the identified face region. The
proposed clear face analysis method for key frame extraction will allow one to
avoid reviewing each frame in the video sequence. Instead, one need only
examine the key frames that contain important face information of the person in
20 the video sequence.
As various changes could be made in the above constructions without
departing from the scope of the invention, it is intended that all matter contained
in the above description or shown in the accompanying drawings shall be

interpreted as illustrative and not in a limiting sense.



the face. A face analysis neans is then enployed to anal yze the pixels of
the 10 face region and use a set of tools to determ ne a nunerical val ue
for each waws/0283¢gi on whi ch indicates the cl earness degreecafsaoneomsce
contained in that face region. If nmultiple face regions are identified in
one frame, the highest clearness value of face regions will be taken as
the cl earness value of the franme. Fr s wth the highest clearness val ue
will be kept as key frames. After selecting key 15 frames, a regi on based

i mge enliEheClixinis Defining thé hwventiadatecas Folows:t he key i nmage based on the
grey-level distribution of the identified face region. The proposed clear

face anal ysis nethod for key frane extraction will allow one to avoid
review ngj eachy (e kit dtBriiniRP aSRAUFARR of 417 iRAGe seRBeREedRbY  exam ne
t he key franes tkat cont aéi‘n rT‘rrp tant face (I)I’l or ma ?osnao? ?ﬁe person in 20

t he vi decsaitkeynframeAacludes aicledresiyimsage wf & facerafil@ parsonefratmosaid
construct.ions w t hout dgsarti nﬁgydom,t he scope of the invention, it is

i nt ended 'M78E SAACREE+ ¥4 X’?‘ntFH? "M% the above descri ption or shown in

the aPCQWpanyidlﬂin@B\%Mn?ﬂﬁnﬁéﬁs'fobﬁecéi\nﬁ ke Rh&ge 86quidndeSof thbip@samd not in
alimting sense. 03/ 028377 PCT/ SA1/00188 15 The C ains Defining the

| nventior@Mte as Follows: 1. A systemfor determning a key frame of an

| mage sequence, kheBkilg Mals KIaLIATR SIS AeHerauhl chdppangl @ face

e
of a person from sai i mage sequence, ¥sai d syStem'includi ng: an I'mage

i nput neasfstheoimage siequegcéd lend tvege detsrodming whichhffamer isothe choattest
processing neans, for identifying the face of the person in each frane of
t he i mgéﬂ?gﬁfgﬁﬁ%pﬁﬁi’rﬁ 8R®determ ning which frame is the clearest image
of the persons face. 2. A systemas clained in claim1l wherein said
processi ng neans anal yses each frame of the inmage sequence including the
st eps of :2.anal Assysiemhasf claineed oini diaimi fl ywhepais ssait eprangissingf mearise f ace;

a0 A SR Lt B al S o hEghe b Tocer end

analysing the frame to identify a possible region for the face;
scanning the region to find the most likely position of the face; and
analysing the face to determine a clearest value.

3. A system as claimed in claim 2, wherein said processing means filters
out known background information.

4, A system as claimed in claim 2 or 3, wherein pattern recognition
techniques are utilized to determine the position of the face in said region.

5. A system as claimed in any one of claims 2 to 4, wherein the clearest
value is defined as a weighted sum of predefined factors.

6. A system as claimed in claim 5, wherein said clearest value is defined

as:
Clearest Value = w1 x structural completeness + w2 x contrast value
+

w3 x symmetry value

wherein w1, w2 and w3 are predefined constants.



3. Asystemas clained in claim2, wherein said processing neans filters
out known background information. 4. A systemas clained in claim2 or 3,
wher ei n padtoaoes3recogni ti on techniques are utilized to decasaonecshe
position of the face in said region. 5. A systemas clainmed in any one of
claims 2 to 4, wherein the clearest value is defined as a wei ghted sum of
predefined factors. 6. A systemas clig ned in claim5, wherein said
clearest value is defined as: Cearest Value = wl x structural

conpl eteness + w2 x contrast value w3 x synmmetry val ue wherein wl, w2 and

i ai med i ol A RESRLAs Fiden I ol AR RaseTt tesodhithut Rofiadgsl T2 o

det er m negreh@tfiiked tb derernsineNeNstAES foumdf e6MpbAReMEWBhfome €0 kilbwnCddeal
i nformation, and aSS|§n| ng a value to said structural conpleteness based

on the degiusdurat infeimationa@ngrassigning & valum tassaid strusturalcemalelinessr 7,
wherein t eao(m{h%s&egq/rgétbﬁzgmo{rﬂgﬁb%gd by subtracting the | owest grey | evel

val ue in € face re hi ghest grey |l evel value in the face
region. 9. A systemas clained in any one of clains 2 to 8, wherein the
clearest _value for each %[a i s conpared to determ ne ihe cl earest frane.

10. A sydem o3 YA CRIMAY iB-daig & Philevbereln $he wrairastValNg Sossi bl e
region f 8 ByR&fotacthgHRAETORE ABRINHING irf B rRE reBRPIS® thel N the
frane. %e_rfv% s;)gtem as ?I ai med ?tn@aéXy one oli‘I ::Iglfé:rs 2 tg 10,r whereei n the
regi on i shigbestgreyi lavel valaatin the fage,regoint om and si des of the person's face.
12. A systemas clainmed in any one of the preceding claimfurther including
a storage neans for storing said key frames. 13. A systemas clained in

clai m 12,9 whergispstem ds\tlslaRdSiABN6ke andlains X to Bhehefbih ahé Sledirgsted
together with said key frane. 14. A systemas clained in claim13 wherein

sai d dat value fargeachifrarae isieerapareg e defemmingthe clearest frame.

10. A system as claimed in any one of claims 2 to 9, wherein the possible
region for the face is determined by analysing each of the pixels in the frame.

11. A system as claimed in any one of claims 2 to 10, wherein the region is

scanned to identify top, bottom and sides of the person’s face.

12. A system as claimed in any one of the preceding claim further including

a storage means for storing said key frames.

13. A system as claimed in claim 12, wherein said video sequence and/or

further data is stored together with said key frame.

14. A system as claimed in claim 13 wherein said data includes time, date,

and location.

15. A system as claimed in any one of the preceding claim further including
an image capture means for capturing the image sequence of the person and

forwarding said image sequence to said image input means.



15. A systemas clained in any one of the preceding claimfurther including
an i mage capture neans for capturing the i mage sequence of the person and

f or war di ngogaiogB3rmage sequence to said i mage i nput neans. PADSGBI/0D8877

PCT/ S&01/ 00188 17 16. A systemas clainmed in claim 15 wherein said inmage
capture neans includes a video canera. 17. A systemas clained in any one
of the preceding claimwherein said 4ey frame is processed by an inmage
enhancenment neans. 18. An automatic teller machine surveill ance system

i ncl udi ngl@ syAtsysteas asctlaimedi in ¢laimy 1% whereint $aid pragedcapfurg aieans 19. An
automatic t chine surveillance systemas clainmed in claim18

]
further i'HE'ﬁgag%gV' £q F?'E&é?‘ means to initiate surveillance. 20. An

automatic teller machine surveillance systemas clained in claim19
wherein said trigger nmeans i s activated b%/ detection of nmotion. 21. An
aut omat i c1%.el | A SYRigPhiaseclaimedin @aynes pbthenpeeseding alaimiwheneln saido

wher ei n | I | [\ I,%H gg%{son conmenci ng a
transact is‘gérffééﬁllgglggFogl%g%aatb&c%rﬁ@Hggfélﬂn%crﬁéne. t . R'syst emas clained in
claim1l substantially as herein before described wth reference to figures
2 to 9 of the acconc;pan ingf| dr awi ngs. ) i ,

18.  An automatic teller machine surveillance system including a system as

claimed in any one of the preceding claims.

19.  An automatic teller machine surveillance system as claimed in claim 18

further including a trigger means to initiate surveillance.

20. An automatic teller machine surveillance system as claimed in claim 19

- wherein said trigger means is activated by detection of motion.

21.  An automatic teller machine surveillance system as claimed in claim 19
wherein said trigger means is activated by said person commencing a

transaction at said automatic teller machine.

22. A system as claimed in claim 1 substantially as herein before described

with reference to figures 2 to 9 of the accompanying drawings.



