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SELECTI NG KEY FRAMES OF CLEAR FACES THROUGH_A SEQUENCE OF | MACES Field O
the | nventPId0383he p mmﬂﬂm tion generally rel ates toPEE{IGORN0IBEdeo
| magi ng systens. I\/brm mly, the present invention relates to, a
met hod and appar at us whi ct'*tises. real -tine i mage processing, video
processing, video inmage analysis, video indexing and pattern recognition
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effectively organise, retrieve. and use information fromthese Sources is

what t hi M@eRaitieuiayethe Rresest inyendeniraiatestmadagthodwnd apparatys svhiphent

cerver | U38E YERLARE AR RIb best il (o Brodiisintl Vi< ke P o ' o
doi ng a irglexirgpaant pattem | rdcogmitiors etechhicgiegi e Witefprat BraWaRe "Vigwgver,

unli ke a, \?ord docunent, which nay be indexed and accurately retrieved by
key wor d¥WORRRUN.ne_ dependent nature of video mekes it very difficult to

manageq Eﬁlﬁg‘iguba%f"%tIHQHﬂgbhty of video containing val uable 25
i nfornmatron renal ant | . This is because whereas the textual
i nformation Nigh dber genWthy apdr pepularity of i maltienediaocomputihat technokegids, be
conmpared, Wit h redefined ke rds on.a character-by-chayacter basis;
vi deo i nP8?%§a?f%ﬁ%?es t? ae.?oret ggear,t\g'& ﬁ"'éﬂ‘fﬂ'ft% Pf%f ogeggcf rF?{r levey datay S sone
exi sti ngquickeahhRdexendbefors! ENAVEAEES SinORREAL €6§1p?ésé{6ﬁ,w§t8l%g%r,‘t ahé&
vi deo packages and to assign index 30 neans (text, fmage, or volce)
manual | ytelecempninieatians havenesabled widrastobecamne an important 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 documehts 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 ﬁn-indexed videos and the
lack of sufficient manpower and time. As a result, many automatic and semi-
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app'roach I's not feasible considering the abundance of un-i ndexeq ,yi Qom@nd
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met hods were devel oped to extract. information that describes contents of
the recorded video material. These meth@ds can be divided into three
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contents anidmdtic metisodshwaraideleldpyddo ektrast infsrhtttionethat HbscAtdcartehtte
t ext ual reﬁrdesent ation _derived fromannotations, generated transcript,

acconpanyPhdhfotecerdad rvides tmaterialos ddiesapmedindsy cenabendiyided dnte, divesh| e
on broadceg%ggﬁégri al. Exanples include the project conducted by Huiping
Li and David¥™ ermann of the |aboratory of Language and Medi a Processing

at the UniversiThy fokt bategbandxtrastslext rtbimationi £6in atdicevivés Yonterts dnd
information .is extracted and tracked in digital video for indexing and

retri eval Ys8hdNemoaadndexssie ol kis: lerapiqugewdl innkdabfheitextuah representatianbl g
t t I | .Gl ' j nd .~ Jhe sgcon
cat egory Lol ot BhbEons; GBhelded HanklfiEe sBSoh Ay IHCRES arnfSer e,
when appr olpsedt eaptiaritgp dhabimight sbe @tveijable anebremddash naterinhy SExamples t he

first cene, breaks are. .identifi .and stati ranes, are sel ected as

Fepr esent BERHES 158" Brageeondianibys FENGAD! s AYReRr Dasrsenrsss. iss

US Pat enfabovaed : harn ) Ind€o;

| ndexi n8 taand Fu P?\i??éggé%%grﬁ grﬁﬁ‘?g!g 5 | ect r“ﬁg%@ﬁ%ﬁ’?'e"?% mgghﬂaﬁxggga lé:‘ Y.

Tanaka ]l Opthedr. profedd, tiwekvargingdekt informatmals exdeatarsandymacked in éﬂigitq}bakieo
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I nf or mat i aRosIé eextrBtiEsseP EaptionPHdm diitaliddeP 44 kext!ildékes. second way,

specific inmages are identified as key franes accordg;g to sone predefined
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criteria. The dhptegqoadnestepany uges imageividesianalysise iqtesanagd @xtiasts
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1995). . representatives 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 AGM 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
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words in 1 4 MAR 2006 WD 03/028377 PCTPSGO /00188 3 the audio portion data
of the vigéo t ape. Locations where the specific words are found are passed

to the vildeRuHaRptien datmef thenwideo tapet Hacations sdwiradhe Epecificagsents are

vor o s pocicbflise pasRelite e GRRD SEHTHR Blactind fF Rl arosesingoond &
.category. ThatThs, prdsenpirasgitioni fallenint® the Ssdd@indt GQteTg%r)'F LY @Q&ﬂf@‘:i fic

| mages as kg . frames, accordjing to sone predefined criteria. By observi®ng
the priorte§ g',unF- Fe seecifigaly.«ih Relangst todthet sreoadi approgek ef. theaseond

. extracts : : ' j I i.ons, scene changes,
b upt® aratBgone Pnatie, MAREsa indEnfl] I IABTT BeRRhiRg sprChEBec0a s new

ol ST Cat s on adeaare b Ao mopiteAnEAciane By sbsediny e BlicPar, i

sophi sti cation_, adeguate e nost, chal | engi ng, of today™s nedi a

en\e i r onnersbe K%ch%%m%ﬁéggh? exydingreyrframaextrac I\;eds armbaseden t hem

t 0o strearddtBeti qglé”ﬁ S e archi ve. nanagenent, enabl e

onl i ne cor%g?té@ an Ei;a‘é_’?g%dﬁﬁf@r?esﬁﬁﬁﬁg\ﬁ%%t 'eaiblr&aé}. %B%Wé) ons,, & apme

conpani eschvieits deatitresor Alfeughdeelativélpr mew| dieyafranie nedtidotidnlantir Q@eohe-

boom of 5 v indexi ng_.technj ques, Mst .exjsting- video indexing .

t echni e'b-9$§8a DIF ﬂﬂ@pgga,%@egpf Rt ipneadequate o ﬂ'ra/,m@%\ﬁé\adleggmgi |
conput er ofgaday’ i FoHMYeman- i3 LY ' Wl | y
coggi sts %ffq reéf-qrié?lealzgment se,mgk[rgtelepr?é bydl’ eo SF,?&@%@&@%&%@%H@

© (i ncl udi Mpveeyusednihemt tactsteamliiesnprodctioef pradessespr autmnateabarehive

Unf ortun ' f - i a video data occupies a.considerable
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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



video file forward and backward to | ocate and sel ect the speci fi g ,f LR% Bs
which contain clear pictures of the intruder. Such a process is
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aut omat i caf great uadifoithe usersin face in an 10 electronically ' digitized

i mge, and for _ gonfirm ng the existence of ‘th ace by exam ning. faci al
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The exilOt electronicatindigitined image, iand: forf comfirnibg thenekisgncer obtise fface By

features i tLhin. th igital i e tios of the. distances between,

t hese fou%ga%wéiﬁacfaia%f?‘ggscanﬁ%eﬂrsggSt@Bnﬁgr%eFW%r%ﬁ 3\5@?%}1 sﬁggﬁetﬁ
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face within a single frane of an inmage. That is, given a frame, the system
is abl e -fiergand edascephangardgecprderdp bettaraset fortbytheeunigue fasial deaturesi al
features ' ' : . or
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syst emlbdwithinf thes digital domgeobjRatics \of tthe ndistemcesaigstwaienh titss e feurey daciahd
ears. The atttri but es ,of these obj e(it,s may be conpared ' _in.order to verify
t he aut heféd Wesy cgp hen dlgc,e,tpcp@pae to previously stored reference ratios for

recognition. However,. this patent merely locates a face within a sing|_é frame of
animage. That is, given a frame, the system is able to determine the presence of
a face provided the various facial feature.s can be seen.

20 WO 9803966 discloses a method and apparatus for identifyi-ng, or
verifying, the identity of objects such as faces. The system identifies various |
objects within the irhage 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. S

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



person. However, again, it is required for the systemto be preseqtkeﬁéwm

a 25 franme of an imge showing the full facial features. US Patent .

6, 188, 77™WQD¥BI83%es a systemto robustly track a target surtT/S&s1/6018Per son.
Three primary nodul es are- used to track a user's head, including -depth

estimation, colour segnentation and pagent classification. However, this

patent is nore concerned with tracking a person and detecting the face of
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or detect "a uman _face in an inmage using ‘col our information suc
ski n t@rikumasaes bnan oage Ustg, adoudisfymation sudhaaeskisdogei ti on system -

whi ch first tects e e, of face and then.identifies.t ce.
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However , détBets the'praséncglepa fadd ang aaditidendfles theRie. Caner a novenent s and
10 object notions. In sone video applications such as videg surveillance,

where the corMapy mathpds\aad, appricdys haver beer firopased deof vidsg dadexing: deo

ndexi . . : j . : .
aystom CARREUBLMES Sl Cal Rl Wenk) tlnfiGhE baRRES mbUERNE S, 07
t he -%@yolbhjectnmdtiohs.himsginer videotapiplicationsosticings video surveillancef wheeathaise

for-the users. 15 il st the abgve systens provjde, . in varyin spect, for
Lhe tor cERMBRE G0, (HEAG WhET 1o BT SEpeURGIBEh S aling vided IC8R 19 TR ThaeR: and,
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16 Whilst 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



ATM system it would be preferable for the systemto be able to sefl dcMAR 12806
'cl earest imge of the' face of the person froma video sequence. Such a
system VW¥QI08/088377 ousl y need.to consider a nunber of franme¥CTH&SIOPPBG8ed to
a single franme. 25 (bject of the Invention It is therefore an objective of
the present invention to provide a contgnt- based video indexing system
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pr esentd vidamspayenees, degﬁtd}ﬁ%% te fb@r&kdmcobﬁsé@lr mldemmbelx pn@rg@ﬁtem

whi ch car;larngglegl y identify face regions in the franes of 5 video
sequences, gardless to the skin color, hair color or other color related
vari abl eSSurﬁmmrqu‘e ihventiowent i on. Wth the above objects in mnd, the

present 'lnvention pI’OVI des in one c;:ect a system for determini ng a
. key-franme of WHhithegabaaebirds wheming, the presentiisyentiennprovideadies one

cl ear est 4 fp"%%?a%&s*ér;fﬁ fé@ﬁ@teﬂﬁnﬁrtlé’%rﬁér}nfr%h%fsgﬂ ﬂné %Huaﬁaé'%%‘?emsé’éﬂ

system i nc recei VI mage sequence of
t he petG dey faanhe mqlud:aseasclegresba:mmgboof thke fdcd wf ragptel'u&an‘ froen chid frmager son

in each frane of . g itr'[fgg‘;eq?iu uence and then determ ning which frane is
the cl earSSGHENRRRAIGAYSIERT 'cgﬁgson s face. ldeally the processing neans

w ||l conpare Ml [ S
region for th?pfg%éés%ﬁ@upg‘ce sfézﬁéhtfér']‘m 2@;@5{;@ sg&ubﬁ@?bf%ﬁe@%@étbhh kely
posi tion of. teharaca&ss;ngameaaaziowﬁemgfwmgathaama of thet mensondn ®ach frame of

' the image sequence and then determlnlng which frame is the clearest image of

15 the person’s face.

Ideally the processing means will compare each frame by analysmg 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 maiy 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 f}ames
to be stored with or without the accompanying video. ldeally 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
commiencing a transaction.

Brief Description of the Drawings

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



cl éarest- val ue The processing neans may then conpare the cl earest 1v4al 4e 2%6
20 each frame to determ ne the clearest frane. The system may furtherM
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wi t hout the acconpanying video. ldeally conpressed video would be included
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conventional ATM surveillance system Fi gur_e 2 shows an operational diagram

of a preferredi@dectishews a blaskdliagigemof elligani data\iedexing Seatopiting) of

the pres | El-qur. 5: a~hl ock, di agram of the preferred
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3 Figure P? shofvvs t.he gaé.a flow W%ntel | i gent data indexing & archiving
of the PPRPIRTFHEISMBATIMaNt ass YU dure 3. 10 Figure 6 shows an
oper atfigonal  digghRMe0 e of | I gteld | ida
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157 nt ol 11 gent B4 £ SR AR GRer2lGTH Hingrar OF tit ey 47ame sxkagian Ghdhe ¢ he.
~block. diiganigenpdatdindewRyss architngtif Figie 4 etrieval of
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. Consequeriﬂy, 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
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througfy Wému?b(ﬁtp'rc?@e ﬁ@aﬂ&%ﬁnance, some may use extra sensors or simple motion

detection means to help identify useful video segments. 'However, such methods
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 i is not the desired one, the user has to
spend a longer time in fi ndlng and retrieving the correct one.
In ATM surveillance applications, the ultimate goal is to idéntify 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 ftwo 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 presént invention. It will be understood that the present
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6. Aremte u?Hure rg?\}efsl ?he structure of the .proposed intelligent remote ATM
surveillance system 6. The intelligent remote ATM surveillance system 6inciudes -
four parts. They are intelligent-video indexing & archiving unit 12, automatic data
20 management unit 13, remote request plroce-ssing unit 14, and local database 8.
The intelligent video indexing & archiving unit 12 is responsible for analyiing
video information . captured by the camera 2, identifying useful video clips &
(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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transacti on, (see Fi gure 6). If an-ATM transaction is identified, the
di gi t i zedlescHbed RrecesFiSTIVEN initigusR Bcessed by t he proposed key franme
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of the preecbmtnon_nsgﬂemm Rigweet r@ntednkeyent of interest 17 is detected, each
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 frarﬁe. 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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instances may take longer to process.

A face analysis means 28 is then empldyéd 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 O, 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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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 filmed 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




face conponents fromthe identified face region. After face CONMpoMeRt\fARRLIBE
‘found, standard pattern recognition techniques (such as tenplate matching,
graph nawerisnmgss7and etc.) can be used. to anal yze whet hef pcigsdoaibiks
conponents 5 conformto the face structural information. A value will be
given to indicate how good the found ggmponents and their relationships
are. Value 1 indicates that the found corrponents conprise a perfect face.
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26 may include exam ning each pixel wthin the frane to either rule out or
det er m ndhg KP39%ossi bI e region. 30 Once the possible region has been
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03/ 028377ec§)%{n?10%/étgm1388a 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 évent 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 requeét, 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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nsac n _can be

correct on ressed vi a of .the de |red tr
r et ur ned \fvﬁhéhéﬁgges Sql%@'gesg(yaf quéfﬁd?eﬁtl‘ﬁ? IF?% go18%y, A r\ﬁei ?‘BQ KQ¥n
that ths famesah r@?lo@ﬁ&éséﬂ ihge e'nﬂkéﬁ&ér'n@ﬁt ﬁiéhr%cl@tﬁéﬁ%s@adtooéﬁ‘l‘i‘énce the
advant ageous resul s are obtailned.
key image based on the grey-level dlstrlbutlon of the identified face region. The
proposed clear- face analysis method for key frame.extraction will allow one to
avoid reviewing eéch 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.




WO 03/ 028377 PCT/ SGOL/ 00188 14 The clear face anal ysis method |nt{QdMqadmby
‘the invention enploys a nore sophisticated and intelligent way for culling
out | ess-wopsoisamt information and selects franes with hi gbefscepnsi88t
i nportance as indexes for video sequences. In the present invention, a
conponent analysis neans is used to 5 analyse the pixels of the frane in a
vi deo sequence and identify a possiblg.region containing human face. Once
the region containing the face is idehtified, a detection neans is used
'to scanmmoghﬁbeﬁhymﬁ%ﬁﬁﬁiaré s lesdwl:* kely position of the face
by identifying a top, bottomand sides o oundi ng -box of the face. A
face anal ysis neans.is then enployed to analyze t he plxels of the 10 face
- region and us ne a.nunerical va f each face
egi on which PhayS8tn.fr a@Biiirife ke, Bafte 8 P Fiddd sedlete Whistein
face regaihkeyfframbtinpludiebas &lea@t MABgar6f AdRBEI of BdpéonOfMém &ai@Me. the
hi ghest ¢l earness value of face regions wll be taken as the .cl earness

val ue of IMAge seaHaace Sadsystem includiaghi ghest cl earness value will be kept

emnantenent meannade FRYER (7 FedduhodRBimabe i BB e # R
§

grey-| evanddi stribution' of the identified face region. The. proposed

clear face analysis nethod fo ame extraction will allow one to
avoi d revi ew QQEES'PBa{H%aﬂ%%?fHEXO{@ 3@@%@@" he RefsORn &A% Tha@g only

exam ne ofghekitadd 38BEHEE larid R Of t he
person in 20 thed Vi ggo sequencgﬁéﬁ Uk vah'ﬁ]tmﬁ ﬁ{;%@%%ﬂ?‘? ggea%se in the
above coivageof thapewianisdface. departing fromthe scope of the invention, it
is intended that all matter contained in the above description or shown in

t he acconpanying draw ngs shall be interpreted.as illustrative and not in
a liniting sepsaysigmMAR 8@9%&@@%«1&%8?47%?&%9@4 PreEsding. Hns! ai ms
Defining the Invention are as Fol . A system eter ning a key

frame of 2aAlyspagachdtareacs thdrénege sequedck inclidingthe stapmm‘s a cl ear est
| mage of a face flidfh i fhe'oILAM % podTEE RGBT the FRleT SYStem

-includi ng: ,
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 backgrodnd information.

4. A system as claimed in claim 2 er 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 cleareét
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
N .

w3 x symmetry value
wherein w1, w2 and w3 are predefined constants.



* ani'‘mage input means for receiving the i mage sequence of the pen Sfl‘“ Ram[; a
‘processing. means for identifying the face of the person in each frane

t he i mageweapiesare and then determ ning which frame is thelwhﬁanﬂmmwslnage

of the persons face. 2. A systemas clained in claim1 wherein said

processi ng neans anal yses each frame of the inmage sequence i ncl uding the

steps of: analysing the frane to idenggfy a possible region for the face;

scanning the region to find the nost likely position of the face; and

anal ysing the face to deternmine a clearest value. 3. A systemas clained in

Cnfor mat i one - ST A G PRl B vineto i st seciiiion BrciidA,
recogni ti g utiReENcIHet Rk Wl’ielthéreféuh@ EhsbREMS écl?ﬁom%btkrfwvrp?aéehe face

in said region. 5. A systemas clainmed in any one of clains 2 to wherein
the cl ear#tstcturadlinformations ane @saigningei \pive do siaid @trupwallecmmplttelmsors 6.

A system erein said clearest value is defined as:
Cl ear est %%ﬁf]eghﬁgdéaﬁer@c?cﬂﬁgrm%l eteness + W2 x contrast value w3 X
symmetry value wherein wl, w2 and w3 are predefined constants. 1 4 MAR

2006 WO 03/028377 PCT/ SGOl/ 00188 16 7. A systemas clainmed in claimB®,
wher ei n pdt t'er i $¥te@nRs daimast imictries6 e lwmereme@he sontast vahue het her

LZSPSnF‘n’g R By SEBUALIS Bl DN SR o VAL L BB PRl e o
conf or mat highesBgrey Iévelymlweﬁnamedbaemegionn cI al m6 or 7, wherein -the

contrast value is derived- by subtracting the | owest grey |evel value in
the face region fromthe - highest grey | evel value in the face region. 9. A

system asgcl ai stémY ¢ ﬂ’ﬁe@f Sy O Of l%uﬁf 2"{?3686 ef'é]ﬁ tﬁé%%&t val ue

for each rane corrpare ‘10 determne t eares
value for each frame is compared to determine the clearest frame

10. A systemas 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.  Asystem 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.

156. 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.



10. ‘A systemas clained in any one of clains 2 to 9, wherein the Qoa&&l}b@
‘region for the face. is determ ned by anal ysing each of the pi xe?s n t
frame. 1lwoPoxsgess?@m as clainmed in any one of clains 2 to 1Gc ﬁ'rqﬁlsst he
region .is scanned to identify top, bottom and sides of the person's face.
12. A systemas clained in any one of the preceding claimfurther including
a storage neans for storing said key f1 nmes. 13. A systemas'clained in
claim 12, wherein said video sequence ‘and/or further data is stored

toget her 6t h Aasybtégyas 'cimedl i)Y inCLai j ' erein
said.data, ipc udeysi? time, dat sdlmaﬁ%‘rﬁogﬁﬂoﬁélnéaa%ﬁgg%bggyc'ﬁélaﬂrrgd in
any one o\‘“c’[1 Spﬁ&@@@iﬁ?@"%ﬂaai m further including an inmage capture neans
for capturing the i nage sequence of the person and forwarding said inage
sequence to said inmage i nput-nmeans. 1'4 MAR 2006 WO 03/028377

PCT/ SG01/ 0D.188A1Systd. ad clalsiedmnaang lorenBOtHepflcebiifgl ElafiekBbeis dflg | mage
capture i'ncl udes a video canera. |IT A system-as clalnmed in any one

an .
of the prg?% [ IsipIPresaRd BY andnaiage aphancement meansocessed by. an i mage
enhancenent neans. 18. An automatic teller machine surveillance system
including a systemas clained in any one of the preceding clains. 19: An

aut omat i c18.el | An audomatie tellzrraathinecstirsyifiance sgstehninshding acéy@d't@?n@s
further i&g@)d{inrg a tri g)qgﬁﬁ.nea_ns to f nitiate surveillancé. 20. An

aut omat i cCPPETFRHT AREANR PEgYeding 6laiPst em as clainmed in claim 19
wherein said trigger nmeans is activated by detection of notion. 21. An

automatic teller machine surveillance systemas clained, in claim19
wherein s8®.d tAnggéematiatsliaranachine suedkilbyncosttoer soolarnedeneidich §8

[transact!pfngt inlding 4 gRGH Fne.taenlsl a6 SiNeillance.

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 syétem as claimed-in claim 19
wherein said frigger means is activated by said person commencing a
transaction at said automatic teller machine.



