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FI ELD OF THE | NVENTI ON 5 The present invention generally relates to a

nmet hod armeoappa7at us for processing i mage data, nore par PCTEGathyshut not
exclusively for a surveillance application. 10 BACKGROUND OF THE | NVENTI ON
Vi deo surveillance caneras are normally used to nonitor prem ses for
security purposes. A typical video surveillance systemusually involves
taki ng video METHQDaANDOAPPARATIDSIFORPROGESSINGIMAGEDATRO caner as,
transmtting the video signals to a renote central nonitoring point, and

di splaying the video signals on video screens for nonitoring by security
personnel. In sone cases where evidentiary support is desired for

i nvestigation or where "real-tine" hunman nonitoring is inpractical, sone
or all ofFliEld OFRIEHESINMENTIQN I | be recorded. 20 It is common to record the
out put of each canera on a tine-|lapse video cassette recorder (VCR). In
sonme aBpIications, a video or infrared notion detector is used so that the
VCR does Tpé pRE8AE AVYATBMgeneraIRt rahtss tRerL methodPidndn abPatdis ofsyer ved
area. This reduces the consunption of tape and nakes 25 it easier to find

f oot age ofrocassing Jmageoteine moretpartieidaiy bué inokiexealusivelefoige gutveillancee VCR,
which is ébé@#@éﬁvely conpl ex and expensive conponent that is subject to
mechani ca | e, frequent tape cassette change, and periodic

mai nt enance, such as cl eaning of the video heads. 30 Anot her proposed
approach is to use an all-digital video inmaging system which converts
each VPdeo image to a conpressed digital formimediately upon capture.
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Video surveillance cameras are normally used to monitor premises for security
purposes. A typical video surveillance system usually involves taking video

15 signals of site activity from one or more video cameras, transmitting the video
signals to a remote central monitoring point, and displaying the video signals on
video screens for monitoring by security personnel. In some cases where
evidentiary support is desired for investigation or where “real-time” human
monitoring is impractical, some or all of the video signals will be recorded.

20
It is common to record the output of each camera on a time-lapse video
cassette recorder (VCR). In some applications, a video or infrared motion
detector is used so that the VCR does not record anything except when there is
motion in the observed area. This reduces the consumption of tape and makes

25 it easier to find footage of interest. However, it does not eliminate the need for
the VCR, which is a relatively complex and expensive component that is subject
to mechanical failure, frequent tape cassette change, and periodic

maintenance, such as cleaning of the video heads.

30 Another proposed approach is to use an all-digital video imaging system, which
converts each video image to a compressed digital form immediately upon
capture. The digital data is then saved in a conventional database. Solutions of



2 this approach can be divided into three categories. The first category
makes use of digital video recorders with or without network interface.
Thi s cat egorog/oi27 rel ati vel y expensive. It requires a sub®carsGoaboidsount of
storage space. The second category is framegrabber based hardware
solutions. In this category, a 5 franmggrabber PCis used wth traditional
video caneras attached to it. The disadvantages of this category include:
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In digital video surveillance systems, as video data is relatively large in data
amount terms, it is necessary to reduce the data amount by
20 coding/compressing the digital video data. If video data is compressed, more
video information can be transmitted through a network at high speed. Among
various compression standards, JPEG and Motion JPEG (MJPEG) are the most
widely used. The reason is that, although H.261, H.263, and MPEG
compression methods can generate a smaller data stream, some image details
25 will inevitably be dropped which might be crucial in identifying an intruder. Using
JPEG or Motion JPEG, the image quality is always guaranteed. US patent
5379122, and the book JPEG: Still Image Compression Standard, New York,
N.Y.: Van Nostrand Reinhold, 1993 by W. B. Pennebaker and J. L. Mitchell,
gives a general overview of data-compression techniques which are consistent
30 with JPEG device-independent compression standards. MJUPEG is a less formal
standard used by several manufacturers of digital video equipment. In MJPEG,

the moving picture is digitized into a sequence of still image frames, and each



30 with JPEG devi ce-i ndependent conpression standards. MIPEGis a |ess
formal standard used by several manufacturers of digital video equipnent.
| n MIPEGWwotB®1atovi ng picture is digitized into a sequenc@CoisSGet/niibs i mage
frames, and each WD 03/010727 PCT/ S&1/00158 3 image frame in an inage
sequence is conpressed using the JPEG gtandard. Therefore, a description
of JPEG suffices to describe the operation of MIPEG | n JPEG conpression,
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| mages captured by surveillance canera will always consist of two distinct
regi ong: @rigiRgriniage segyieoae dhrrefrorsgr ound regl on. The background 20 region
consists of the static objects in the scene while the foreground region
consi sts of objects that nove and change as tine progresses. l|deally,

backgr oundithic)rPIBE SMUPE GO eompraysiers prbsentbsSrtiniay d fealitgcie mekesanky once.
By concentrating bit allocation on pixels in the foreground region, nore

ef fi ci entcoripiassed datrisizg relatively kiggereltawll talee about 3 seconds to transmit a
704x576 size color image with reasonable compression level through a ISDN

15 2B link. Such a transmission speed is not acceptable in surveillance
applications. By observing the camera setting environment in surveillance
applications, one can easily find that the camera position is always fixed. That
is, the images captured by surveillance camera will always consist of two
distinct regions: background region and foreground region. The background

20 region consists of the static objects in the scene while the foreground region
consists of objects that move and change as time progresses. Ideally,
background regions should be compressed and sent to the receiver only once.
By concentrating bit allocation on pixels in the foreground region, more efficient
video encoding can be achieved.

25 ‘

Means for segmenting a video signal into different layers and merging two or
more video signals to provide a single composite video signal is known in the
art. An example of such video separation and merging is presentation of
weather-forecasts on television, where a weather-forecaster in the foreground is

30 first segmented from the original background and then superimposed on a
weather-map background. Such prior-art means normally use a color-key
merging technology in which the required foreground scene is recorded using a



Means for segnenting a video signal into different |layers and nerging two
or nore video signals to provide a single conposite video signal is known
in the awo.038m7exanpl e of such video separation and mner giPag/SIGH1/00158
presentation of weather-forecasts on tel evision, where a
weat her-forecaster in the foreground ig 30 first segnented fromthe
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| mage/ vi deo encoders have been proposed, US patent 5915044 describes a

met hod?of 2RC3HPRY buh scaRscdelydmpogeible Wa@éﬁwl?ﬁlsﬁﬁ’@eﬁpi'%w ound/ backgr ound
segnentation. The nmethod consists of two steps: a pixel |level analysis and
a block |l evel analysis. During the pixel level, interframe differences
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generate an initial block-Ilevel mask. second norphol ogical filter is
pr ef erlabl fpregreundbackgeavmnd aegmantadmcﬂhaemthndsqzonsnsts of two steps: a
pixel level analysis and a block level analysis. During the pixel level, interframe
differences corresponding to each original image are thresholded to geherate
an initial pixel-level mask. A first morphological filter is applied to the initial pixel-
level mask to generate a filtered pixel-level mask. During the block level, the
20 filtered pixel-level mask is thresholded to generate an initial block-level mask. A
second morphological filter is preferably applied to the initial block-level mask to
generate a filtered block-level mask. Each element of the filiered block-level
mask indicates whether the corresponding block of the original image is part of
the foreground or background.
25
Patent EP0833519 introduced an enhancement to the standard JPEG image
data compression technique which includes a step of recording the length of
each string of bits corresponding to each block of pixels in the original image at
the time of corﬁpression. The list of lengths of each string of bits in the
30 compressed image data is retained as an "encoding cost map" or ECM. The
ECM, which is considerably smaller than the compressed image data, is

transmitted or retained in memory separate from the compressed image data



generate a filtered bl ock-1evel mask. Each el enment of the filtered
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f oregr ound/ background separation tor surveillance applications. 15 Besides

pat ents, Higspatesteannot beoused sfoergraling/brEiaEonnd segatationies survedlanseen
publ i shed h@ taﬁbris area. The paper "Check I mage Conpression using a |ayered
codi ng mef 5: . Huang and etc., Journal of Electronic |Inmaging, Vol.

15 Besides patents, some research work, especially MPEG-4 related, has also
been published in this area. The paper “Check Image Compression using a
layered coding method”, J. Huang and etc., Journal of Electronic Imaging, Vol.
7, No. 3, pp. 426-442, July 1998, intfroduced a method to segment and encode
a check image into different layers.

20
All of these known approaches have been generally adequate for their intended
purposes, but they are not satisfactory in surveillance network camera

applications.

25 Patents describing various network cameras or network camera related
surveillance systemé are proposed in the prior art. US patent 5926209 discloses
a video camera apparatus with compression system responsive to video
camera adjustment. Patent JP7015646 provides a network camera which can
freely select the angle of view and the shooting direction of a subject. Patent
30 EP0986259 describes a network surveillance video camera system containing
monitor camera units, a data storing unit, a control server, and a monitor display

coupled by a network. Japanese patent application provisional publication No.9-



7, No. 3, pp. 426-442, July 1998, introduced a nmethod to segnent and encode
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SUMMARY OF THE INVENTION

According to the invention in a first aspect, there is prévided a method of
processing image data comprising the steps of taking a compressed version of

20 an image and detemiining from the cbfnpressed version if a change in the
image compared to previously obtained image data has occurred and
identifying the changed portion of the compressed image.

An image processor arranged to perform the method of the first aspect is also
25 provided.

According to the invention in a second aspect, there is provided a method of
processing compressed data derived from an original image, the data being
organized as a set of blocks, each block comprising a string of bits
30 corresponding to an area of the original image, Direct Cosine Transformation
(DCT) coefficients for each block being derived by decoding each string of bits,
the differences between the DCT coefficients of the current frame and the DCT



SUMMARY COF THE | NVENTI ON According to the invention in a first aspect,
there is provided a nethod of processing inmage data conprising the steps
of taki ngwaosonmgeessed version of 20 an inmage and det er mPrirrsgoi/mh@ss t he
conpressed version if a change in the imge conpared to previously obtained
| mage data has occurred and |dent|fylgg t he changed portion of the
conpressed inage. An image processor arranged to performthe nethod of the
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nmoving region is found, regarding the 5 current frane as a background
frame, otherwi se identifying the blocks in the noving regions as
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identify background and foreground regions for each image; a data storage unit

15 arranged to store the image data processed by the image processing unit; a
traffic detection unit arranged to detect network traffic and set the frame rates of
the image data to be transmitted; and a communication unit arranged to
communicate with the network to transmit the image data.

20 According to "'cne invenﬁdn in a fo'urth‘ aspect, there ie previded a .method.:df _
transmitting image data where the data has been split into foreground dafa and
background data wherein the foreground and background data are transmitted
at different bit rates.

25 According to the invention in a fifth aspect there is provided a method of forming
a changed image from previous image data and current image data identifying
a change in a portion of the previous image comprising replacing a
corresponding portion of the previous image data with the current image data to
form the changed image.

30
In the described embodiment a video encoding scheme for a network

surveillance camera is provided that addresses the bit rate and



15 arranged to store the inmage data processed by the image processing unit;
a traffic detection unit arranged to detect network traffic and set the
frame ratwe 0801072he i nage data to be transmitted; and a cecmsGoredis®n unit
arranged to conmmunicate with the network to transmt the inmage data. 20
According to the invention in a fourthgaspect, there is provided a nethod
of . transmtting image data where the data has been split into foreground
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and etc.) as foreground regions. After separating the inmage frames into
f or egridunfeiwagk eamesadn isachpesand is @§i trestotal membed ebframesdiapguredhwilte sends
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t he tot al JREG eoniPressiane stheapbtal esizaMwill bde2 28BS Irr P 1RGbdroFodtf
m nutes. If each inage has a size of 50kbyte (after ) )
environment, however, the room may be empty at most of the time. Assuming
that out of 30 minutes, the time people are moving in the room is 10 minutes
15 and the area occupied by the moving people is one eighth of the whole image
area. By using the proposed foreground/background separation and
transmission scheme, the total data can be further compressed to a much
smaller size of 93.8Mbyte. Thus, the network camera of the described
embodiment of the present invention is able to produce a much smaller image
20 stream of the same quality when compared with a traditional network camera. In
the example given above, the size of image data generated by a network
camera of the described embodiment of the present invention is only one twenty
fourth of that of a traditional network camera. By separating foreground-moving
objects from background, the described embodiment has another advantage
25 over the traditional network camera: high-level information such as size, color,
classification, or moving directions of foreground objects can be easily extracted
from the foreground objects and used in video indexing or intelligent camera

applications.

30



JPEG conpression), the total size will be 2.25Cyte. In an indoor room

envi ronnent, however, the roomnmay be enpty at nost of the tinme. Assum ng

t hat out wb03010Tehut es, the tine people are noving in thePCOGG1/80139

m nutes 15 and the area occupi ed by the noving people is one eighth of the
whol e i mage area. By using the proposed foreground/ background separation
and transm ssion schene, the total data can be further conpressed to a
much smaBRIEFDESCRIPHQN KTy THE DRAWINGS net wor k, canera of the described
enbodi ment of the present invention is able to produce a nuch smaller inage
20 stream of the sanme quality when conpared with a traditional network

camera. | EmBdiRmenaner e IhvVEMAPANIE not Be ?Jeé@ri@é%,ieﬁ%gfagdéft SxAHRPR! Aigd by a

network canera of the described enbodi ment of t esent invention is
only one taferange to dhe apcamnpanying sirawingsath whishal network camera. By
separating foreground-noving objects from background, the described
enbodi mrent has anot her advantage 25 over the traditional network canera:

hi gh- | eveFiguné drigei blobk sittdragtoSineenet®@rR cameth it foré@ounl/bakgBRIHINI
directions of foreground objects can be easily extracted from ?he

f or egr oungeYpEBtation A Haagmission.dascordingking prefered|embediment ref the
applicati E{%e @9‘\,@&&1’5/ 010727 PCT/ S@1/00158 9 BRI EF DESCRI PTI ON OF THE
DRAW NGS 03 nts df the invention will now be described, by way of
exanpl e, HRigune 2rie bediagrae ilastratngbowrthefAEG cdnmpresgion téahniquecis: 5 Figure 1
is a bl ock dllegﬂ am of. .t he netvvorE canera with f_orﬁ'%r Orqlémd/ backgr ound
segmerfat 8R! N griginpldeage Indpe dmagr FomprassipR MBI rigwsoli nent of t he

BT 51 b B O B 1 e oS S g
conpr essi unit ofFigusg 1Fi gure 1;
Figure 4 is a flow diagram of another preferred embodiment of the image
_ processing unit of Figure 1;
15 Figure 5 is a flow diagram of the third preferred embodiment of the image
processing unit of Figure 1;
Figure 6 is a flow diagram of the fourth preferred embodiment of the image
processing unit of Figure 1;
Figure 7 is an example of an original image;
20 Figure 8 is the segmented foreground blocks corresponding to Figure 7;
Figure 9 is an example of a compressed video stream aftef image compression
and foreground/background segmentation;
Figure 10 is a block diagram of a receiver which receives the compressed video
stream from the network camera of Figure 1, and composites foreground and
25 background data into normal JPEG images, according to a preferred
embodiment of the present invention;
Figure 11 is a block diagram illustrating how a receiver of Figure 8 receives a
data stream (consisting of background and foreground data), unpacks the data
stream, and forms a normal JPEG image sequence for displaying; and
30 Figure 12 illustrates Zig-Zag processing.



Figure 3 is a flow diagram of a preferred enbodi nent of the inage
processing unit of Figure 1; Figure 4 is a flow diagram of anot her

pr ef err edwoembodi7aent of the inmage processing unit of Fi gece/SGo1/A&Es§Fi gure 5
is a flow diagramof the third preferred enbodi nent of the inmge

processing unit of Figure 1; Figure 6ps a flow diagramof the fourth
preferred enbodi nent of the imge processing unit of Figure 1; Figure 7 is

an exanpl BESCRIRTIONGDRAHE PREFERRED BMBODIMENTS: segnented foreground
bl ocks corresponding to Figure 7; Figure 9 is an exanple of a conpressed
video stream after inmage conpression and foreground/ background
segnentation; Figure 10 is a block diagramof a receiver which receives the
conpressed video streamfromthe network camera of Figure 1, and
conposi t d&iglie édgs eubtbchkrtiag@@anb af kgnetwotk datreera whtich @nmieddidSE presprd,

ferred enbodinent, of the present inyention;, Figure 11 is

according to a pr
a bl ock dnuentar | The sistwors CamsIA anchides, 8h B1ags GeALISHoNeBIt 180, 53N gat &

stream ( GRRRJeddpredsidhAtiio ] fiith agd BrstisaiiduiRt2), 2 HBRASHPadd Bnfa! 2

stream a orns a normal JPEG | nege Sequenc spl ayi ng;
Fi gure 12130, aidnaffic detetitignZiit p4@casd iangomndirocatiorouait 180T/THe0ae0xES 10

CESCR T g H DR TR % ol Rogibosh of 2
i ncl udes cHmérROST a6/l Bitdr APpe bt cdMBra athich NRUEpRRINBE SHF-@iatdidnal 10, an
| mage processing unit 120, a data storage unit 130, a traffic detection
uni t 180, imagesa- suanasi aninfiared srmergol heirage raaviritiop i 100 af Figure

O her 5 o ORI S0 EATOSORHAIS R By cEhfln CNRAR: oo™

~ signals into electrical signals, and a A/D converter which digitizes the analog
signal and converts it into a digital image format. The network camera can
accept a wide range of bits per pixel, including the use of colour information.

15 The image compression unit 110 of Figure 1 can be a software prdgram ora
circuit — which is commonly found in network cameras on the market. The
operation of the image compression unit is given in Figure 2 as described
below. After image compression, the JPEG-compressed data is passed to the
image processing unit 120 for motion detection and background/foreground

20 separation. By comparing the current image frame with a previous image frame
or the stored background image frame, the image processing unit 120 is able to
detect whether there is a motion or nbt. If no motion is detected, the current
image frame is treated as a background image frame. Otherwise, the current
image frame is treated as a foreground image frame and the foreground regions

25 are identified. For a background image frame, the whole image data (JPEG-
compressed data) is deposited into the data storage unit. For a foreground
image frame, however, only the data of foreground regions is saved into the
data storage unit 120. The data storage unit 120 receives the image data from
the image processing unit and stores the data in a sequential way that is ready

30 for transmission. The traffic detection unit 140 detects the traffic amount on the
network and decides the frame rates of the background image data to be saved

into the data storage unit, the JPEG compression rate of the compression unit,



lo images - such as an infrared canera. The image requisition unit 100 of
Figure 1 consists of a CCD or CMOS i mage sensor device which converts
optical wpDgnalw2into el ectrical signals, and a A/ D convePCe&SGod@is
digitizes the analog signal and converts it into a digital inmage fornmat.
The network canera can accept a w de,yange of bits per pixel, including
the use of colour information. 15 The | mage conpression unit 110 of Figure

1 can be {ge $QbGMAIR PARING Vafle @fthéiimggbtprpcé@m@uh&, SRR rdmieOies in
network cameraS on the market. The operation of the inmage conpression unit
i s gi ven of theFimage datato bedmnsmitted bEheimage data istaigd ia dnp detesstorage he

JPEG conmpressed data i s passed to.the .i e ocC L.ng. uni r notion
det ect i o'™nlf BAE 'oﬁ'ﬁgppqu:g?rbcﬁﬁ'@nﬁﬂ]'t&%g}ryaﬁ%nc%@ugg%ﬂg&i"ﬁﬁpt'l%@‘ current
i mge fr @ mplrhénarpirfyirfattorl SBdtaé taera 0D, iniyesfranrdtypackigsickghcundrage

frame, the inmage processing unit 120 is able to detect whether there is a

not i ons ororferegraunchsame: is added tadmnage data dudng the paeking RERRESSr ane i s
treated as a background image frame. Qtherwi se, the current image frane is
treated as a foreground i mage frame and the foreground regions 25 are

i denti fi etigure? givdzattiegmaimdtdpsagfethbr JAEG ¢dmprdssion staadardiased () Bigs

conpressed data) is deposit into the data storage unit. Far a foreground
mge T r ERECTPEIRROTGIAN. JPECHSHPERSISY S5, HredkBH 4P Imedeets nt ot he
dat a st org3@e,idli Blodikd THE Stahdhfd sbg@;g oHfHirh chAhaRAEIWES rhRGe bipaR) dat a

from the inmage processing unit an res the data in a sequential way
that 16 rvwadubs. Forfcolowr immagas ssacnpix@hin thediaige willithave athreaikyta ¥oluget ect s

the traffjc ar k deci des the f tes of th
packar ourtiFRi: AGBa UV CBECR! oot VaRel Trabegcet s BB
conpr ess i%mfrﬁhﬂﬁ%ﬁré bee&aHTPIEP&f DR ikfRige WA/ & 4Gk beVaied 1haPES8 11

t he foreground paddi ng val ue of the image processing unit, and the frame

rates ofa valiei betyeenal ando268e. Tharmex step) of TREG mefRPreasiands dPeaPAv t he
O ot B SR (BRTT YO pPB b S et e, | e
frame 1§ ygsock 6 kfgsquenty domain coefficients.” When the CDT is taken of an 8x8
block of pixels, it produces a new 8x8 block of spatial frequencies. After the
transformation, the set of coefficients represent successively higher-frequency
changes within the block in both the x and vy directions. F(0,0) (the upper left
corner) represents the rate of no change in either direction, ie. it is the average
20 of the 8 x 8 input values, and is known as the DC coefficient. This allows
separation of the much more noticeable low- frequency information from the
higher frequencies - which contain the *fine detail' and can be removed without
too much picture degradation. The third step of JPEG compression is to
transform the 8x8 DCT coefficients into a 64-element vector by using zig-zag

25 coding. The zig-zag coding is shown in Figure 12.

In the JPEG compression so far, there are 64 DCT coefficients each of which
has a real value. Given the fact that high frequency DCT coefficients occur less
and actually make less visual impact on the image, it makes sense to only use 1 '
30 or 2 bits to represent high frequency DCT coefficients and 8 bits to represent
low frequency DCT coefficients with precision. This results in compression with
almost no perceptible difference to humans. This step of reducing the number of



5 or foreground frane is added to i mage data during the packing process.
Figure 2 gives the main steps of the JPEG conpression standard used in the
descri bedwerbodi7aent . JPEG conpressi on starts by breaki ngPChSGoagss i nt o
8x8 pi xel bl ocks. The standard JPEG al gorithm can handl e wi de range of

pi xel 1o val ues. For col our inmages, eagh pixel in the imge wll have a
three byte value, indicating RE, YW, YCoCr, or etc. For grey-level

i mges, asitd f‘r@g@ééﬁmh Do Waeffitidrits Uise called aftiantizafdn O or NgadHaFE®i | |
have a single byte value, that is, a value between O and 255. The next
step of JFEUPESERH dvsgenthese isnaapaniizatinsiobla thatdeteraimeshowonany bits) t o

Co PP Sl RS ARRLOEIEA H S SRR KiBE Y 4o "
produces gquartizaBes® dokfiiteritl (aseaidtaht i ruqoanteaitioAl table)! Bad fouatdsd apnat i on,

e
the set of coefficjents represent successively higher-?re%uency changes
wi t hi n5t H@epneRirst integary Theeayantization ster ean dies used do osary dine afef t
corner) r rat i3R06d | ' haB~id 8 -thil 1S the
aver age 2‘8&{3?'%%@81& ?nc%tlfp Tevg%lgsg, anc? cﬂg?&h@%ﬂrenglsaétﬁﬁtgb%@c&égg,ftp Fél ent.
Thi s al | othere sdlplae dighocorprassmaicthe ramstoha fuxzydiriagel Similane aliche pits
information fromth hi gher fre ncies - which coptain.the 'fine detail'
and can. bEYIRRB A (U GTPrEBREThIEh 3B e EFREg Ile, SIRnAwEgR T Hest op of
JPEG conpyRRizb@Nah8 WeighteéATFE P! dbificieBisCalfdChec08bHES | MG th8tufiman

64-el ement vector by using zig-zag 25 coding. The zig-zag coding is shown
i n Fi gar ecading methé@ JPEG conpression so far, there are 64 DCT coefficients
each of which has a real value. Gven the fact that high frequency DCT
coefficients occur less and actually nmake | ess visual inpact on the imge,

it makes Bigugs 31 Piguye asgwdwmrf@@neabiot@ch@s rF Perfrind ingdtid anslgsiey DCT
coefficients and 8 bits to represent ow frequency coefficients with

pr eci si on@ndHpeegrednd/backgrodadpranasaiéen vp tthe Imagss Prerpssing it HPQ of
O Seon B oG rlIeEngles N che sl s Bl 00.021440L°7
quant i13at peessing et lis JAEEG-compressed data. The reason is that, the image
compression is normally realized by a hardware circuit in network cameras. An
approach could be to decompress the data into grey-scale or color values,
process it, and compress the result but it is much more computationally efficient
to perform image analysis directly on compressed data. However, due to the
20 use of Huffman coding at the last stage of JPEG coding, it is difficult to derive
semantics directly from the JPEG compressed data. Thus reverse Huffman
coding is performed and motion analysis and foreground/background separation
is carried out based on quantized or dequantized DCT coefficients. As DC
components of DCT coefficients reflect average energy of pixel blocks and AC
25 components reflect pixel intensity changes useful information can be derived
directly based on DCT coefficients.

As shown in Figure 3, the JPEG-compressed data is processed by reverse

Huffman coding to recover the 64-element vector data. After that, DeZigZag
30 processing is applied to reconstruct the 8x8 quantized DCT coefficients block

from the vector data. The quantized DCT coefficient differences between the

current frame and the previous frame are calculated and thresholded to yield an



conpressed inmage, there is a quantization table that determ nes how many
bits represent each DCT coefficient. Each DCT coefficient is divided by a
guant i zatwor3oowgRti ci ent (a constant in the quantization wrabiSepl/oans
rounded to 5 the nearest integer. The quantization step can be used to vary
the amount of conpression. If only aj;gouple of bits are used to represent
each coefficient, then there will be high conpression at the cost of a

fuzzy i mafgal ivhsk Indidating@hlangitg lbtics. 16 ehe dompratsed domdincpraeessingd) for an
exact replica of the original inmage. The reduced, and wei ghted DCT

coef fi ci mltgdiagéhr@eiapld&rméégmnﬁ@thrh@nnummlogi@leaera#@rmrﬁ&di. Figure 3
to Pl our gkt € Rbe AR P 888N HodkidrBd .88 BRIneY} tBRAl?1 S and
or egr ound! Hac e 11mage of

ground separation In pr ocessing uni
Fi gur e 1withr A0 ddefficterits g thescornpresaad onodin @roesssingaOrnidecthenpitial t o t he

i mage 15 processin nit is, JPEG_C ressed data, The reason is that, the
: mage 5 c@$$$@§3445wgg23t:ﬁ‘8¢%@| $%9m%'atﬁﬂ§8&e I%W%ﬁ}oép@lpgl&?{] : n network
cameras. (AR R @RLkamilb %s%s&:@b%%@?@‘?%ﬁnﬁﬂ?% dak aRbREO" QG BHthEe! € or

col or valles, process it, a npress the result but 1t is much nore
conput at femmiahipubdtingccampressed preages"mERRd2ompuatiey Sraphics @ntl y on conpr essed

data. Ho due to the 2 £ Huf f di he | ast .st f
TPEG coanpications vaf 8, Bai o Mo erzvacrt ik are D9af b F: ARFGISS ho” Pec
conpr ess e ddHPrordgYeting P¥GIbAS. IFHbfoRIYroGRidifon b BEAE Cthemsliresmd friamid on

anal ysi s and f oreground/ background separation is carried out based on
quant lzeds islentifigd asta backgnnd fiante aned fheswhale imegeddnpéneampressedCcT

Cofl ect fneae) fodisey TeRdf BaE] Bordye Bh¥ Bf FIULE HH A KordlrebRa SEBATET L2, |
based on iDfurepenly edilbcks diths Horegroundiegisread ettt iy cagnroetsged dat a

I's processed by reverse Huffnman coding_to recqver the 64-el enent vector
data. Af @&d fuimansegingrare appiegitg dhass ffﬁeg@uas}ﬁ?%- &Berr@%‘éﬂ?ﬁruct t he 8x8

quanti ze L& : i \ Hapgi zed DCT
coeffi ci g:r?% F% ?‘gér éh?e@%g}%gﬁh?é\%qmgtﬁggﬁfﬁ ?@ﬁe@gﬁg et#%ge% r ev(:';I ous frame
are ca cukgioadvitlibe packagbd togpethepayd ebdedinto the data storage unit. The

quantized DCT coefficients of the current frame are saved into a storage buffer

of the image processing unit 110 and used to compare with the next frame.

Figure 4 is similar to Figure 3 in most of the operations. The only difference is
20 that instead of quantized DCT coefficient, dequantized DCT coefficients -are
used in the compressed domain image processing shown in Figure 4. The 8x8
quantized DCT coefficients blocks are dequantized by multiplying the DCT
coefficients with the quantization féctors used in the compression step.
However, coefficients suppressed during compression remain zero. The
25 resulting DCT coefficient blocks are sparsely populated in a distinctive fashion:
only a few relatively large values are concentrated in the upper left corner and

many zeros in the right and lower parts.

Figure 5 shows the third approach of motion analysis and foreground/
30 background separation. Instead of comparing current frame with previous
frame, as shown in Figure 3 and 4, a stored background frame is used to

compare with the current frame. The background frame can be generated using



WO 03/ 010727 PCT/ S&1/00158 13 initial mask indicating changing bl ocks. In
the conpressed donmai n, processing including thresholding, segnentation,
and nor prwbagiooek7 operati ons are all bl ock based. The DCPcosiGohi/eiient of
each bl ock can be used alone or together wth AC coefficients in the
conpressed domai n processing. Once thguinitial 5 mask is derived, standard
segnent ati on techni ques and norphol ogi cal operations (for exanple as

descri bedstand&d Backgraury %ﬁnératié’n t ué'sAWﬂ@EFéd@ﬂESta‘ti@halWédN@r@Eﬁdlg
conpressed images", | EEE Conputer Graphics and Applications, vol. 13, no.
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ffici h t f . i nt t £ f th
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20 that instead of quantize _T coefficient, dequantized ~coefficients
are u8edhenvalurotpirpl o da thofist frameagadmerBY Heingrsvavaraginggure 4. The

oo coorMEGTE BT R 4o, SRR LGNS PRG0S b Y SlRE YecTon -
step. Hoswsragingarerfibe pedoimed vpthe D dnd WCE semponenissfithe DETai n zero. The

25 resulting DCT cqefficient blocks are sparsel Eﬁ_pul ated in _a distinctive
fashi on: CQsfigientss ewwffgfer\ﬁ@rsmt\ae@rét%ﬂu@%ﬂ@@ reshicients @fthe t he upper

left cor “&hr&ﬂ%anﬁ@%ﬁdﬁﬁ% ﬁ%ahﬁkéﬁ‘ﬁcﬁ*’ &ﬁfgé}gﬁts' difé gﬁ?ﬁﬁ Packyuhg > shows

the third approac on anal ysi's an oregrou
15 frame are calculated and thresholded to generate the initial mask. This initial

mask will be further processed by segmentation techniques and morphological
operations to find the foreground region. The quantized DCT coefficients of the
current frame are also used in the background learning process, as shown in
Figure 5. Part or all of the DCT coefficients of the current frame are utilized to

20 update the stored background frame, depending on the background generation
technique used.

Figure 6 shows another approach using stored background frame for motion

analysis and foreground/background separation. The difference between this
25 approach and the approach introduced in Figure 5 is that dequantized DCT

coefficients are used instead of quantized DCT coefficients. If computational

constraints are a factor, quantized DCT coefficients are recommended in the

compressed domain image processing. However, if the image processing unit

of Figure 1 has enough computational power, the dequantized DCT coefficients
30 should be used for higher precision.



30 background separation. Instead of conparing current frane with previous
frame, as shown in Figure 3 and 4, a stored background frame is used to
conpar e vWwoh3bhg2turrent frame. The background franme can PeTgener@ased usi ng
WO 03/ 010727 PCT/ S(1/00158 14 standard background generation techni ques.
The paper "Stationary background gengikation: An alternative to the
difference of two inmages," W Long and Y. H Yang, Pattern Recognition,
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DCT coefficients of th urre frame and the quanti ffl lents
of 't he st U545 BSBRRGR dRtP oGOk e o) D1 eRerale (e braksrorp
gener at e |hehihdi ThélgehBfdted Baickg rdmnalfaémeraaﬁkbé\nsbbe@entbqhtefma@t&ﬁgésed by
segnent ati on techni ques and norphol ogical operations to find the

foregrléununlfagdéﬁnd’m@ﬂmﬁmqu@dthjm? ewgreynd datds of the current frame are
al so used in the background | earning process, as shown in Figure 5. Part
or all of the DCT coefficients of the current frame are utilized to 20

updat e t hFigate@7ds apastemiplenst & eriginadiersyedivitt Rigureh@ H@&td(tjfeowglln@ﬁedr ation
t echni que used. Fltgure 6 shows gnot he’%lga%proach usiang st ored back round

frame- f or fofegroyRd RiAGKS speegpendipg d8r Had&hd e reefion 9IS
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5 is that uanti ze
15 the segmented foreground region are represented by black blocks, as shown in
Figure 8. The blocks of background region are shown in white. From the figures,
it can be easily observed that the person entering the room is identified as
foreground region and is nicely separated from the background region (the
room, door, table, chair, and other static items). From the figures, it can also be
20 observed that the area occupied by the foreground region is less than one
eighth of the entire image area. By transmitting only the foreground region,
valuable bandwidth will be saved. In order to control the transmitted image
quality, a control parameter ‘padding value’ is introduced here. The padding
value is a positive integer. It can be as small as zero. If the padding value is
25 one, the segmented foreground region will be enlarged by one block, as shown
by the grey blocks in Figure 8. These padding blocks (grey blocks) will be
treated as part of the foreground region, and will be later saved into the storage
unit and transmitted through the network. By adding padding blocks to
foreground region, we can make sure that all the important image details related
30 to the foreground region are preserved and tranismitted. The padding value can
be adjusted according to the network traffic detected by the traffic detection unit

of Figure 1.



coefficients are used instead of quantized DCT coefficients. If
conputational constraints are a factor, quantized DCT coefficients are
reconmrendwo o3n1d7te  conpressed donai n i mage processi ng. HeaEwe01/00188 t he

| mage processing unit of Figure 1 has enough conputational power, the
dequanti zed DCT coefficients 30 shou{ be used for higher precision. WO
03/ 010727 PCT/ S&1/00158 15 Conpared W th the approaches shown in Figure 5
and 6, the approaches of Figure 3 and 4 are | ess conplicated because
background | earning is not involved. However, this al so makes approaches
of Fi gur Figiran@ 4howspanoimagte sequescareafiert UWRHGNsompressighvayd the
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Fr om fohe trangiisson. Hbwewer, it edistrey inndige fradted Hating Hile pay-awtioanteridgdg t he
roomis identified as foreground regi on and i.s nicely separg%éﬂﬁfromthe

backgr ouRe Kegt-opinee faerer isoie nakian, thadTames 1phino-mafan Ratigd Hd8 tens) .
From t hesl&ﬁ@é’rrﬁfd thele ﬂ%ﬁ& t9%e2B agllb%fﬁbﬁﬁg #ﬁ pﬁée pldiSir8d emstsdiveheds by the

foreground region I's ['ess than one enfire i nage area. By
transm t thepresent inventiva; egbackyiourd) idoopping sichalvecisbasatiadidh wiorks be saved.
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15 data storage unit, the following p frames will be dropped unless one of them is
identified as a foreground frame. After throwing away p background frames, the
next frame — frame i+p will be kept and saved into the data storage unit. The
parameter p can be adjusted according to the network traffic detected by the
traffic detection unit of Figure 1. During the motion period, the foreground data
20 of every foreground frame are saved into the data storage unit. Using this
technique, more bits can be allocated to frames with motion and less bits to

frames which are scarcely changed.

Figure 10 and Figure 11 describe the operations performed at the receiver side
25 in which the separated foreground/background data can be stored or displayed
like a normal JPEG or MJEPG sequence at the receiver side. Figure 10 gives
the block diagram of the operations performed at the receiver side. The
received data stream 210 consists of continuous binary data which belongs to
different frames. It is therefore necessary to divide the received data stream into
30 segments so that each segment of data belongs to one image frame. This
process is called unpacking 220. The data after unpacking is now ready to store
in a database 230 of the receiver side. This is normally required in a central



value is a positive integer. It can be as small as zero. If the padding
value is 25 one, the segnented foreground region wll be enlarged by one

bl ock, aswehamm72by the grey blocks in Figure 8. These paadirsgobbasks (grey
bl ocks) will be treated as part of the foreground region, and will be
later saved into the storage wunit andtransmitted through the network. By
addi ng paddi ng bl ocks to foreground region, we can nake sure that all the

i mpor t antmoAeEng ehdivided Rlcatdiblg hvireniiapt.fsRANALNE dﬁaiaﬂér%@aekmger ved
and transm tted. Thebs)lgéigl ng value can be adjusted according to th
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a backgr owhenf it deedesited lhe viewothe JREGecsequerxeedlhieradisplaiing bf.isaged i nto
the storage unit and used for lo transm ssion. However, not all the inage
franes duFTHSIRECHDNABRGDHID nmffesaﬁ{gekéﬁfmog?rf\é\gh?ﬁ%?_gt'rf@ CJr\%OI?dS'ﬂgon, t he
frames of ofprerdkith Qirddeh FetbivEiPibih PR n&WdHk. arhe28&cdiier@dieSis 19 #Pe%écko keep
all of them In the preferred enbodinent of the present invention, a

backgréuniiedindags sedvenesnstored uisethendatebaser Bdthorgh dhe hdatawsgurces dreane i
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identified as a foreground frame. After throwi ng away p background franes,

the next _frame - frame i+p wll be kept and saved into the data storage
uni t. TheFopdisalaying the imagereangngs: ki neerssarip find pHbthectres lofeaght i ¢

det ect edtiﬁgag#egﬁamter. 6}'fh%i %ﬁé%? 6EELER iMALE AlmdHAY & drrarddd 9%4dSin®ithon

peri od, regroun
15 enabling a decision to be made whether the image frame is a background frame

or a foreground frame at 240, for example by adding one bit of data to the
image frame header having the value 1 for a background frame and 0 for a
foreground frame. If an image frame is a background frame, it will be used at
260 to replace the background image data stored in a background buffer 250 of

20 the receiver. Using a standard JPEG decoder, the background image frame can
be decoded and displayed directly at 270,280. If an image frame is a foreground
frame, foreground/background composition 255 is needed to display the image
correctly. The foreground/background composition will take the background
image data from the background buffer 250 of the receiver, use the foreground

25 block data in the foréground frame to replace the corresponding blocks of the
background image, and form a complete foreground JPEG image for display at
290,280. As the foreground/background composition 'only involves replacing
background blocks with foreground blocks, the computational complexity is
minimized at the receiver side. Figure 11 takes the image sequence of Figure 9

30 (after motion analysis and foreground/background separation) as an example,
and illustrates how a normal JPEG image sequence is constructed using the
above processing steps.



20 of every foreground frame are saved into the data storage unit. Using
this technique, nore bits can be allocated to franes with notion and | ess
bits to Wopas®s7ehi ch are scarcely changed. Figure 10 andPFErgaoeodi:s
describe the operations performed at the receiver side 25 in which the
separat ed foreground/ background data ggn be stored or displayed like a
normal JPEG or MJIEPG sequence at the receiver side. Figure 10 gives the
bl ock di agram of the operations perforned at the receiver side. The

recei ved data stream 210 consi sts of continuous binary data which bel ongs

to diffdihenenhagdiments tdeis§"l?¢£br3@|0&ﬁeaﬁ9e¢'§§§d€@ toobgi Hlysfeativee anscdiobed dat a

streami d 0 I mage
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now r eadxeﬁpenaédrdaumsw in gattiebrs cthiedihade phecassing methadl disclo$bd ds inet

normal ly r (§U|red ina central WO 03/010727 PCT/S&01/00158 17 nonitoring
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a nor nal dat a
(normal FRER-R R RERe obly corfle 7SN Meka ReRhodolis EhaRe R BhE tife
conposi t itontheamebd. uskEdrthernuaray ehe dbecrﬁhz&obgmethmﬂ cithaught asingr SRIEG PEG 5

For Sgr ouGBERYF IHAoEBIHBE FTERT S U8 AEF RIRT GAPIRRRSY (TAGS IR  ha
i's, whemnay beSefpidyerd de%eﬁﬂiﬁb’ ddth tH@gﬁpmréﬂng%wa’értﬂsémahayIomgh@f i mage
sequence can happen’in two The first node is the real-tine

di spl &yi nupcopipreseed dnagst camdner ée@veﬁbdrorm dhet eempeasaed kdataihte gl&@wnal mode
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fol |l ows: dapiierd sHOwWaY hegd hbEbé Bagawetdoamess. it IS necessary to f| nd out the
types of each image franme. The header of each imge frane data is arranged

to contain data 15 enabling a decision to be made whet her the image frane
is a background frame or a foreground franme at 240, for exanple by adding
one bit of data to the



i mge franme header having the value I for a background frane and O for a
foreground frane. If an image franme is a background frame, it wll be used
at 260 tworeplEer t he background i mage data stored in a patisgoownds buf f er
250 of 20 the receiver. Using a standard JPEG decoder, the background i mge
frame can be decoded and displayed digectly at 270,280. If an inmage frane
is a foreground frane, foreground/ background conposition 255 is needed to
di spl ay heaimgige correctly. The foreground/ background conposition wll
take the background image data fromthe background buffer 250 of the
receiver, use the foreground 25 block data in the foreground frame to

compi ot o f e UG YoptersB Tudte; dia, SOTPASEI AR, iy A °
f or egr ound/ ésafsassseddversiaroof tanoimage yaridh deteretsiningpfreni tiee cbegirgssrchd

bl ocks with foreground bl ocks, the conmputational conplexity. is .mnimzed
at thes r eceY&/gionsifce chapgaria the imEgSs Compar é‘épéélﬁ'ggﬁlé’eob%'“ﬁﬂgm%g% 30
(after noti ' i Tay A xanpl e,
nd 111 ust r e B b o R e e T he
above procemsagey steps. WO 03/ 010727 PCT/ SG01/00158 18 The enbodi ments
descri bed above are intended to be illustrative, and not |imting of the

i nvention, the scope of which is to be determ ned fromthe appended

claims. In Rah ﬁh%k!'é’gclafrﬁ&j i @8R RNASEEH M dRingeds HdcdtReast rhstisit 5
solely applicable to surveillance applications and may be used in other

appli ¢ati ons where only sone inmage data is expected to change fromone tine

to the next, FEurthernor e d i . u I-0€,:
conpr essg% {*nﬁlfé@ ?Sn8%1mfg‘ﬁ1'f]e§g%1tﬁ?sé@hg%3t eeirg@ognr]%r @Qgﬂuﬁﬁgéeofor mat s
may be enpl gy@fris€e rigBAiifythg) RO forelgroLieP lanei#éri o, backyioded eiemt, dse of the
1o unconpressed i mage can be derived fromthe corrar ssed data to allow a
deci si on onfaipgiawed EegiRs cPBRrising: mevig: abests:Rg g}g Rckgundoregionmde .
The canmer acé&%%inﬁeﬁgti&?éw%%j&t@?t wor k caner a.
15
4. A method as claimed in any one of the preceding claims wherein the
determining step is performed upon Direct Cosine Transformation

coefficients of the compressed image.

20 5. A method as claimed in claim 4 wherein the coefficients are quantized or

dequantized.

6. A method as claimed in any one of the preceding claims wherein a mask is

formed of the identified portions.

25
7. A method as claimed in claim 6 wherein the mask is subject to segmentation
and morphological processing.
8. A method as claimed in any one of the preceding claims further comprising
30 the step of transmitting the compressed image or part thereof to a storage

location.



WO 03/010727 PCT/ S&1/00158 19 CLAIM5S 1. A nethod of processing inage
data conprising the steps of taking a conpressed version of an inage and
det er m niwg@ oBoonTet he conpressed 5 version if a change i nPCASGOIVBGEs
conpared to previously obtained i mage data has occurred and identifying the
changed portion of the conpressed ingge. 2. A nethod as clained in claiml
wherein the change is indicative of notion. 10 3. A nethod as clained in

claiml @ galRieRcd %Qﬂﬁhﬂad ﬁ\eclbﬁﬁ@t Wh)éré]ﬁ ﬁttﬁ@ in@ePsoamsi eRbhf¥d ng a
foreground and/or a background %IOH , foreground region conprising

novi ng obj epertion, KAty thﬁacbaw @g oy @gﬁr@mﬁmkﬂ@ﬁlpan%ﬂfn@esmgeodaey not

aner oi n 1 helS0fain fTEHEE eBRich BTEAPlT s dPieRRRd Babe e RaGRftel ' ™

Transformation coefficients of the conpressed image. 20 5. A nethod as

clainmed in claim4 wherein the coeff| cients are quantized or dequant I zed.
6. A net HébAamethed s daimedy in s 9t whepia db fiongeevieadmapes & tmask is

uher el n the RagD e EE R Bt e s B R e et ng.

8. A nethod as clained in any one of the preceding cI ai s further
conprisin 30 t

f tting th
Chereor (04 Gy s Tofmedin Gam sl wrsstodie SBTPen Maconsediive

unchanged compressed images that are not transmitted is determined by an
10 adjustable parameter.

12.A method as claimed in any one of claims 9 to 12 wherein the changed

image portion and the unchanged image are transmitted at different rates.

15 13.A method as claimed in any one of the preceding claims wherein the
previously obtained compressed image data comprises a previous

compressed image.

14.A method as claimed in any one of claims 1 to 12 wherein the previously
20 obtained compressed image data comprises a stored background frame.

15.A method as claimed in claim 14 wherein the background frame is updated
by background learning.

25 16.A method as claimed in any one of the preceding claims wherein the

compressed version of the image uses JPEG or MJPEG compression.
17.A method as claimed in any one of the preceding claims wherein at least
one step of a compression process used to form the compressed version is

30 reversed prior to making said determination.

18.A method as claimed in claim 17 wherein the step comprises a coding step.



20 9. A nethod as clainmed in claim8 wherein, if the imge contains a
changed portion, only the changed portion is transmtted and if the inage
does not womnwai’a7 a changed portion, the whol e conpressedPCHsgo1/HESS
transmtted. 5 10. A nethod as clained in claim9 wherein if consecutive

i mges do not contain a changed portion, not all the unchanged i mges are
transmtted. 11.A nethod as clained i2n claim 10 wherein the nunber of
consecutive unchanged conpressed i nages that are not transmtted is
determ ned by an 10 adjustable paraneter. 12. A nethod as clained in any

mage. ar o ¢ Pameiet 88 i Pelidf 7008 SEMRRRBhE B R bR ey

one of the Qﬂﬁmqggﬁ@,clains wherein the previously obtained conpressed
i mge data conprises a previous conpressed imge. 14. A nethod as clai ned
in any one of clains 1 to 12 wherein the previously 20 obtained conpressed

i mage dat 0 i d . t S imed in
claiml14 g%gr'gl%ﬁﬁgf %éciééé:sg’&nga gén%%?sd%%gﬁvfdlﬁ?ﬁbgﬁkgr %%dnﬁ ar ni ng.
25 16. A net theddaia isding redaniazedras anset of blotks peactedloty cunaprisingvbesténg t he
conpressed Vﬁl’si on of the. .imge uses JPEG or MJI?EC? co reﬁri on. 17. A met hod
as clai med Ph Rilsy CoHEseenNding i &edery i heoriginaleimagg. Pigst CofiRest ep of

a Conpressi%r&fr&@ﬁétwggg Qoéﬁﬁi@nié”'fbr‘é%ﬁrtﬁ%%?ggl r@érﬂlé&li@ydé digyer sed

prior to making said de nation. 18. A net | aimed 1'n claint17
wher ei n t heeacle stingnofi bitss thec diffatgnasse petwierd 3@ 10CT 7coetiicisd®1 00188 21

1. A TB" 100 it AR b5 6, deRle SR AR R B % BT e
froman ori gaARl béiRBIRresholded for each frame to produce an initial mask indicating
changed blocks, applying segmentation and morphological techniques to the
initial mask to filter out noise and find regions of movement, if no moving
region is found, regarding the current frame as a background frame,
15 otherwise identifying the blocks in the moving regions as foreground blocks
and extracting the foreground blocks to form a foreground frame.

21.An image processor arranged to perform the method of any one of the
preceding claims.
20

22.A camera including an image processor as claimed in claim 21.
23.A network camera including an image processor as claimed in claim 21.

25 24.Network camera apparatus including an image processor as claimed in
claim 21 and further comprising an image acquisition means arranged to
acquire an image in digital form, an image compressor arranged to
compress the image and pass this to the image processor, data storage
arranged to store image data from the image processor and communication

30 means arranged to communicate with the network.



t he data being organi zed as a set of blocks, each block conprising a string
of bits corresponding to an area of the original imge, D rect Cosine

Tr ansf or maiDiod1((7RDXCT) coefficients for each bl ock bei ng dePcrsdobyoidecodi ng

each string of bits, the differences between the DCT coefficients of the 10
current frame and the DCT coefficients,of a previous frame or a background

frame being threshol ded for each frame to produce an initial mask

i ndi cat i nE5. Nelbeogeshrhbrcasparaiuy &ém?_riﬁﬁgmﬁhﬁqu@nwidmunih@hegge@&o
techniques to the initial mask to filter out noise and find regi ons of
movenment , i CARWIRAN WFadeegndranyertsuthe, inagpiaton giditat feimate @n fiPage as a

backgr ound i i dent i i ks .l: i i
ot o1 ogr ousaBressich Shiteiied FPASirbitd the BEIDLOE! Bn IelgBpEBodiq " 0! ons
foregr oun]g Uﬂﬁrmnangbdﬁtp énmml _ wreowaoplt;ssad ldamgeﬂeaoh Freage,rdetehbrnnﬁohod of

any one o e preceding clains. A canmera including an,i e
prgceséor ai"oﬁ‘? |SEATPHE ?Q!%t'z‘»l?n‘;@eﬂ‘%ﬁé%agfg{oﬁﬁm fgﬁ%&BHFﬂég&ﬂh?nage.
processor agoCkatiGhdde; Céadégh?%torazq%a%it bﬁhmgédf 1628Rr@ MRPAHAISIYdtaC! udi ng

an image processor as ‘claine aim 21 and further conprising an inmage
acqui si ti on pnecassedrhyaihgeithage proogesing unit; iantigificidetectipn anit foangeditoi nage

conpressor arranged t C ress t i e _an ass,this to the. e
processor, g’&i%?tg'f%\"’g@% tra&ﬁ? (?ePgh%ﬁH eirr?g%‘jgoawg Wf@%‘? tcf?éaitﬂa”gg

processor amensMiaH &t i208omatLNTERdH BAk aup eldotor esmimirfieate With Rhéhe
networ k. WD 03/010727 PCT/ SG01/00158 22 25. twork canera apparat us

conpril8i ng astwerkde trangmitine isleagdataarranged to capture an image and
converts the inmage into digital format; an inmage conpression unit arranged
to decrease the data size; an inmage processing unit arranged to anal yze

t he conpr26gepadatus =3f clamedd inretm 2iebeclaim®d whebeifirthenrebited elgpriertsed

data, and identify background and foreground regions
of the apparatus are software programs or circuits.

15 27.Surveillance apparatus including a camera as claimed in any one of claims
22 to 26.

28.A method of transmitting image data where the data has been split into
foreground data and background data wherein the foreground and

20 - background data are transmitted at different bit rates.

29.A method as claimed in claim 28 wherein the bit rates are adjustable in

dependence upon traffic over the transmission medium.

25 30.A method of forming a changed image from a previous image data and
current image data identifying a change in a portion of the previous image
comprising replacing a corresponding portion of the previous image data
with the current image data to form the changed image.

30 31.A method as claimed in claim 30 wherein the previous image data is a

previous image.



for each inmage; a data storage unit arranged to store the inage data
processed by the image processing unit; a traffic detection unit arranged
to detecwomanwoek traffic and set the franme rates of thePCmsgol/dasa to be
transmtted; and a conmunication unit arranged to conmunicate with the 10
network to transmt the image data. 26zApparatus as clainmed in claim24 or
claim25 wherein the recited elenents of the apparatus are software
progranms 32 AChigthbd Sas Lhiméd burckdim Banwheripahat peviows irdagy datcignara as
clainmed in any one of clainms 22 to 26. 28. A nethod of transmtting inage
data where DREkGRHAAHRSIBeen split into foreground data and background
data wherein the foreground and 20 background data are transmtted at
different bit rates. 29.A nethod as clained in claim28 wherein the bit
rates are adjustable in dependence upon traffic over the transm ssion
medium 25 30. A nethod of form ng a, changed i mage from a previous inmage
data and current inage data identifying a change in a portion of the
previ ous image conprising replacing a corresponding portion of the
previous imge data wth the current inmage data to formthe changed i mage.
30 31. A nethod as clainmed in claim30 wherein the previous inmage data is a
previ ous i mage. WO 03/010727 PCT/ SG01/00158 23 32. A nethod as clained in
cl aim 30 wherein the previous image data is a background i mge.



