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BACKGROUND OF THE INVENTION

Video surveillance cameras are normally used to monitor premises for security
purposes. A typical video surveillance system usually involves taking video
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.

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
it easier to find footage of interést. 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.

Another proposed approach is to use an all-digital video imaging systém, 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
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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. MJPEG 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
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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 presentatlon 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
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15 foreground/background segmentation. The method consists 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 generate
an initial pixelHlevel mask. A first morphological filter is applied to the initial pixel-
level mask to generate a filtered pixel-level mask. During the bl_ock 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 filtered 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 mhpression. 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
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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, introduced 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-
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SUMMARY OF THE INVENTION

According to the invention in a first aspect, there is provided a method of
processing image data comprising the steps of taking a cqmpressed verslon of

20 an image and determining from the compressed 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 éet 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
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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 ".c'he invehﬁdn in a fdurth aspect, the‘re' is prbvided a _methpd ‘of .
transmitting image data where the data has been split into foreground data 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 identifyirig
a change in a portion of the previous image comprising ;replacing a
corresponding portié)n 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 addr_esses the bit rate and
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m nut es. as a slze o byte (after JPEG cqngressi on), the
total size WPHG beonfpression),cthel totah sizedwill beo@R5GHIer dMr@htiNdIBWORRT | t he

room may be chbLX 3kt TaWevel, thlFobinTay BeeHipty%t 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-leve! 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

appfications.

30



that out of 30 mnutes, the tine people are noving in the roomis 10

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 trans%éﬁgl‘%ngcherre, the total data can be further cogR/sgoffdss 0 a
much smal I'er "size of 93.8Moyte. Thus, the network, camera of the described
enbodi nent of the present invention is gble to produce a nuch smaller imge
20 stream of the sanme quality when conpared with a traditional network

camera. |'n pRIEF DESORIPTIONOF THEVDRAWNGSZe of |mage data generated by a
network canera of the described enbodi mrent of the present invention is

only one twenty fourth of that of a traditional network canera. By
separati ng ’”g#ﬁg_ ' | g rpé'rE &850 SEelnsiel (RH
enmbodi nent %’g\g’sg{n eropg‘:?v@%%{g&eﬂ g@i é?&r t g tragl Pyﬁ’@f net mo'?lk' g@mar a.
hi gh-1 evel refdrencetd the acooinpansying deawingspin,which:assi fi cati on, or noving
directions of foreground objects can be easily extracted fromthe

f oregroufd objects and used In video indexing or intelligent canera
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diments of the invention wi ||l now be_described, b of
exanpl e, wisagmentatior:apd transmissianc aaeRidiRonty arriafares emgoamﬁ:&as%ﬁi gure 1
is a block i . the network camera with foreground/ background
segnent atiﬁ%ﬁgﬁﬁgﬁgbﬂ ssion, according to a preferred enbodi nrent of the
present | nvEiguieo? is #dipgram Hlusirating hayrthendPEG eemptassipniteohniaue iISPEG
conpr ession Lque. d | | & ol 4 1.t he 1 mage
conpr eséponaéfﬁ%pr{é%mﬂr@ﬁ}aéi@?ﬁﬁg‘bggméale?aﬁ +%l\,v&ﬁ+rg5r am§ gif’ém!i preferred
enbodi ment  Bigutd'8 is aflow disgrasssfiznprefemed embodingent ef the ifiagerprogessinga f | ow

di agram of another preferred enbodi nent of the | nmage
g ur%toﬂ?' mpe1e; g

Ig
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 preférred 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 after 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.



processing unit of Figure 1; 15 Figure 5 is a flow diagramof the third
preferred enbodi nent of the imge processing unit of Figure 1; Figure 6 is
a flow diagram of the fourth preferred enbodi nent of the inage processing

unit of Fi Wo 3@0 fl gure 7 is an exanple of an original i pgRcodboiss gure 8
I's the segnente ?oreground bl ocks corresponding to Figure 7; Figure 9 is

an exanpl e of a conpressed video stream after image conpression and
f or eground/ background segnentati on; g]ﬁre 10 is a block diagramof a

receiver ﬁsﬁdﬁ’ fgm from the network
%QCh Fti‘ﬁ P;Erbegr ound an'g 2

canera of ure 1, an comnposi 5 background data into
nor mal JPEG i mages, accordi ng to a preferred enbodi nent of the present
invention; Figure 11 is a block diagramlIllustrating how a receiver of
Figure 8 receives a data stream (consisting of background: and foreground
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bl ock di agr magefco%mswg Kunfae! an \M\hgc 8?6&%§ihg%rﬁth@opbmbtorége QwRnt i on.

The networ K mera ' nc e€s an | mage uisition unit an i m
conpr essi orﬂ&[hla traffic, detectiomynit ﬂﬁecaadlawgommttnl@ﬁen ‘-Ii"tdbrt(& gﬁ)ﬂﬁg\g"{im t

130, a trallifedehPid Ahdilel diiBadiftiht eh®BE Y HidHdcAfbrd! danterd, cblé

net wor k di nent can be a nonochrone caner a,
col or carr&faanemr orosometdther typeeobicamena vwhiolnivdth pmducqotvwdtmensmnal

t wo- di nensi,onal i0.i es -, ch as_an infrared ; . ;
requi si 1P oriMAGes —18¥c r%gs ﬁnduﬁgegmq{g Jgﬁg "855%'{%@?‘5‘ @go 8% nsor
devi ce ‘whi ch ABKE bF LBCTYr CHOB #thagd Bensel devics wicts lcgnwérts optichla Al D

converter which digitizes the analo nal and conve into a digital
i mage for mlgnatadnﬁ%eelggmeabglggalg, & ZI converter which cflgltS zes the analog g

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 program or a
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 ﬁot. 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,



accept a wide range of bits per pixel, including the use of col our

I nformation. 15 The i nage conpression unit 110 of Figure 1 can be a
software programor a circuit - which is commonly found in network caneras
on the marked o30i05H7 operation of the image conpression unptT/SE0ge0Yss in
Figure 2 as described below After inage conpression, the JPEG conpressed
data |Is passed to the 1inmage processing unit 120 for notion detection and
background/ f oreground 20 separati.on. Bﬁ conparing the current inage frane
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background 1 mage se, ,the current, i e, 1 St ted as a
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backgr ound sy Ba@dritainfolMativh 8Léh adTBaerdAD? imdgh franmolypecsbaukgrunt | s
deposited I'n e ta storage unit. For a foreground image frane,
however ,5 oot foregroundfeans israd@glrtemmwe dafashising dhe paeking MQFegﬁ'e dat a
storage unit 120.' The data storage unit 120 receives the inage data from
the i mage processing unit and stores the data in a sequential way that is
ready 30 f Figure 2 ges themaifiisteps off the JPES compeession standerdjused insthene

traffic anpunt _on, th net wor d deci
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data st or agey it oi ; hhes da®thd lexampl
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ementary i nformati on such as arreha 1D, image
frame type showadkFigura®, Bach pixel oftheimage willbaye; asingle byte Yﬂiﬂgé abi8a during
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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 y directions. F(0,0) (the upper left

comer) 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 reél 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



I ndicating RGB, YUV, YCbCr, or etc. For grey-level images, as the exanple
shown in Figure 2, each pixel of the inage will have a single byte val ue,
that is, a value between 0 and 255. The next step of JPEG conpression Is

to apply 'gcor@g 7Oosi ne Transform (DCT) to each 8x8 bl ockcpécdilosfess and
transformt 188 ock into frequency domain coefficients. Wen the CDT is

taken of an 8x8 block of pixels, it produces a new 8x8 bl ock of spati al

frequencies. After the transfornation,!z_the set of coefficients represent

successi vel y,, hi gher - f y Siel I . : ' t and y
di rections. 'Xllt—i dg%esﬂwmrcqeﬁ@gﬁgoiﬁe%%%ggﬁwh'(:e&r ?ﬁghoflpﬁg(change
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whi ch cont ahfahiatioh IBEERNEI4 coRSEnt i ke quantzetdn iblepiand roundad:-to |
pl cture degradation. The third step of JPEG conpression is . .to transform

the 8x8 BCTtheopédrest intageri oo quastizationrsiep can e ksed 1o ¥apyths gmeygt obs

codi ng. The_zi g- cpdi i s ' i si on
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G ven the f tremiihbe hightcdmpressian at theTcasb of a fugzyrimagecSimilarlys all thmbits
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30 or 2 bi t Sovy Hesysec bt chBressedl i SFR Fonllop TG HrSFE frade Y,
represent |sudedean@nwaightell DOTT tbefficients aie hextr eoded asingrties Huffman s in
conpression with al st no perceptible difference to humans. This step of
reduci ngl® heodingwaethed. wo 03/ 010727 PCT/ SG01/ 00158 12 bits representing
DCT coefficients is called quantization. For each JPEG conpressed inage,

there is a quantization table that determ nes how many bits represent each
DCT coef f i ciFigure FtocRigheT 6csheif diffecent apprenchiesaf peffoasming, matiopanalysis

et ot o el Eraitbdla ol BB EEh Ak Bldle pRSSBTHRY 1 By e
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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 DC‘f 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-cdmpressed 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



coul d be used (but conpressed) for an exact replica of the original inmage.
The reduced, and wei ghted DCT coefficients are next coded using the
Huf fman 10 coding nmethod. Figure 3 to Figure 6 show different approaches

of perfor m\ggo%)foyﬁn anal ysis and foreground/ background sgeps@diloeissi N t he
| mge processing unit 120 of Figure 1. Fromthese figures, it can be

observed that the input to the inage 15 processing unit is. JPEG conpressed
data. The reason is that, the inmage ¢ ression is normally realized by a

har d LLeuit | "
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of pixel b conponents reflect pixel intensity changes useful
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Figure 3, the JPEG conpressed data,i r n codi ng
to recover Anplications, ¥ak i '%g’f BP- 3"5#2' gﬁgﬁg@s‘ﬁ%gﬁsﬁﬁl ago@gt){osr@gcessi ng
i's applied dnd firRioRsgrowed rddishsS thofepsyroand rdgidn isdeard,dhe cugrebt fiatae from
the vector data. The quantized coef f.i ci ﬁn%.di ff?rlg%&?‘%?@@tgggg t he
cur r ent 19 r dvidentified ps ahackgroyadframe and the whels imagg (GG Forded to -
yield an V\Qnﬁgé?%qye%&ﬁé? i | §424 Bforage uniiof Fiurerd sk ai forbgreandegidrangi ng
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15 region will be packaged together and saved into 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 factors 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



operations (for exanple as described In B. C Smth, & L. A Rowe,
"Algorithnms for manipul ating conpressed i mages", | EEE Conputer G aphics
and Applications, vol. 13, no. 5, pp. 34-42, Sept 1993) are used to filter

out noi se fi foreground regions. If no foreground rpRgiseB/bd gound
t he currenw&é{ﬂ%ﬂ ois identified as a background frane and the V\ﬁ

i mge (JPEG conpressed image) is dep05|ted into the data storage un|t of
_Figure 1. If a foreground region is fd only the bl ocks of the

f or egr ound are ext are
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25 resul t1 8 é‘?@aﬁﬁw in intgstating ped Yaneg, SOTBIERRICIORED o ol net i ve
fashi on: ldac}és irm/weé aF piel “f‘}?}m% wa?dkgmrﬂrumawﬁﬂﬂfpﬂ@tﬁ)dndmfé%e upper

| eft corner Zeros in e right and | oner parts. gure 5 shows

the thitd Shepvaueief mxehew)dn t%@ﬁ?@?@eaﬁﬂ ﬁerOé'gﬁrxmg apay@lii¥ound
separation géutﬁé& ?Q wz(%pggggPéMQ M;( qu.t%ju(%g;rg Vi PhRAFY hOUSimifaf ane, as

shown in Fi frame is used to_ conpare with
t he currentavéraging cambemdbgnmqutheaﬁeamAOQ@WQQ fithedd®@§ WO 03/ 010727

PO ke TS Vo8 PSS oD TN 8, 17,
| mages, Wcul:r@ﬁﬂframd and thie quiatiged IB’aﬂ'twelfﬁdientsgﬁthe' staredvdckgagindNo. 12,
1990, pl?s 1?1”r5a%nc-31 glgegcalgﬁ]gtetdhaendo tﬁPeesE\olded to generate the initial mask. This initial

mask will be further processed by segmentation techniques and morphological

operations to find the foreground region. The quanfized 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 generati_on

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

compi'essed 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.



"I nprovenent of Background Update Method for Image Detector,”™ Y. J. Limand
5 Y. S Soh, introduces many background generation techni ques. Although
these are based on unconpressed data, the techniques can be transformed to

the conpr %‘gﬁg{,ﬂg in, by applying the techniques to the p&/e6d06ss

conponent s e DCT coefficients instead of the pixel values. For
exanple, let b(x,y) Indicates the valug of pixel (x,y) in the background
i mge, and pl(x,y) Indicates lo the val Re of pi xel (x,y) in the first
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Fi gure 5. coefticients of the current frame are
utilized tobadkgrmmatfeameelrssuctesituationss appraachesef Figupe: AanedO shouldde

background gengration techni | e h
usi ng. st or cHHRPRER G PR OHEs e ofer el pBnplRdd (ARRIGR backgRbRRF

fo (rj egL ound/ haﬁﬁ:%g%ggmgﬁ backgrdivel flafmeecambe saveddnin théidetpstorgge oach
and the approach introdyced i n Figuie I s _that tized DCT

coef fi cilént 4nihard tq '@&WOB?WEEQW%E%QP da e??figi Iefl’?s. | f

conput ati onal constraints are a factor, quantized DCT coefficients are

recommended in the conpressed donmin inmage processing. . Hoyever, | he
i rage pr oceEigurey7 is\an example gfipg origingl imagde With d%ggﬁmﬁmPIQ41e

a2 ke Sl Ghosgt N Fifife oduihe nd btsn Bhaemia VO
and 6, the fggreanddackdroufid separatioarapptoacteshews in dignrechtEe blockaiob
backgr Oulr:]sd {heeasferSn?e%tiea fgrgfqround 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 trarismitted. The paddinQ value can
be adjusted according to the network traffic detected by the traffic detection unit

of Figure 1.



I nvol ved. However, this al so nakes approaches of Figure 3 and 4
| nappropriate in sonme situations. In highway surveillance, if the highway
is very busy and 5 there is always sonet hing noving at any nonent, the

appr oachesﬁg{)oﬂlgl%e 3 and 4 cannot find an image franme vpddagsiosmsi on and
identify t ne as the background franme. In such situations,

approaches of Figure 5 and 6 should be wused because a background franme can
be generated t hrough background |earnilthg. The generated background frane
can be saved Into the data storage 1o unit and send to the network with
the foreground data. Figure 7 is an exanple of an original inmage with
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observed t ?ﬁ&npws‘sicﬁ{ %cef‘dih@it@ﬂmégrémsf @aseeiption) df ne giationi is detected fran one

e

ei ght h of entire image area. By transpitting o

ly the. f d
regi on, vahiaage frameyihetimage irame is ideniified s HE&&BU'E% Iffla?'{ﬂeg{“ﬁg?e

transmtted,i ' ; elsi6tdb8 Unitaindaisedst
I nt roducedwﬁ'gﬁggsﬁﬁﬁ%éﬁg%%@mﬁ/%g\m! %é)'gé\gégrﬁt\?g.l nt ggern. It can _82 as
smal | ag zteransmidsidrh dHaweldirngot all dbe iimage frames duwing thameatreetianopetedund

Froure o SRKeBh RN JRT0 MOREY: wRIBRRY DY rpnblth pofit shedkibe
the foregr ginithrizRid iBre B Nédd tokedpalbof themedh thet preféreadsembadimendof t  and
Feai o, e e AreRate RARIOR A baskarang Thpepd Fehe i g S RaiwhE YaHEHA 30 (o
b acl ust ed a0 Sy FELfs P R 2 Ot Ot B By the fidifie
detecti mn data stosage-Lpitrtbe Tollowing 7 Grames wilbbe dreppecHnigss one o them is

idenfiﬁed 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 bina'ry 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



16 Figure 9 shows an | nage sequence after JPEG conpression and the
correspondi ng i rage sequence after notion analysis and
f oregr ound/ background separation. Fromthe figure, it can be observed that

the 5 Irrage after notion analysis and foreground/ QiagdcH/abae
WRIHRRT !

separation e no-notion period is not the sane as the inmage
sequence after JPEG conpression. Accordl ng to the previous description, if
no motion is detected in an image fran¥, the image frame is identified as

back d f t l e JPE d int
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Is identifie frame and saved into data storage
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id t fied
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unit. The whenmttnsrdeslmintdmmjthetma@cseqmaneg tkhe: displayingrof imagef i c
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frames with notion and less bits to franes V\/m re sSC rceI

Figure 10 athe image sequeaes staresd hﬁﬂbed%?‘%ﬁsieoﬂt 969 ta,SOLIFReS; 8F%ei ver
side 25 Ind-\f%}éﬁ} fh@geﬁ?%&@%ﬁsﬁﬂ%@ QW{W gata can be stored or

di spl ayed | PRE A horsl sequence "at the receiver side. Figure
10 gives the bIock dlagran1of the operations perfornmed at the recelver

b Dot onE6BsPRY bR IFRaR AR 1 Loblebly BP0 BuCH dhoverestl .
recei ved dajmiagd frami®, Thetheddesobeash | lmage framé detzcis ssemgedtto abntéin dateel ongs
to one inage frame. This proces 220., The ta after
unpacki n§ ,gnglg}wg@ggglspa tglbgrrgaée w?met?\er the lmag%af?ame a ac,kgrounéi 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 foregrouhd JPEG image for display at
290,280. As the foreground/background composition'only involves replacing
background blocks with foreground bk'Jcks, the computational complexity is
minimized at the recefver 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.



in a database 230 of the receiver side. This is normally required in a
central WO 03/010727 PCT/ SG01/00158 17 nonitoring and video recording
environnment. Note that the data after unpacking is not a normal JPEG
sequence. I}1's i nati on of conpressed background dat JPEG

i mge) and ‘?'Sr"g@}“ggﬂtd) data. The foreground/ background corrl;%é/lgﬁ%bgisgan be
used to convert the foreground data intgo normal JPEG 5 i mages. However,
that will cost nore storage space and p’rEeferabI y the foreground/background
conposition is perforned only when necessary, that is, when it is desired
to view the i mge sequence. The displaying of image sequence can happen in
two nodes. THie ebicdimentse described abale trardnténded dpi be illustrative, and anatt r eam
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di splay t hedi&agﬁ on%p%@%@hgmyif?ﬁtﬁé &Ea%haﬁdféﬁ LRt 16 BEpwade] dhen | |

t ake the background at om t he background buffer 250 of the
recei ver, usametasshowregeed nat ksa petwark@ameran the foreground frane to
repl ace the correspondi ng bl ocks of the background inmage, and forma
conpl ete foreground JPEG i mage for display at 290,280. As the
f or egr ound/ background conposition only involves replacing background
bl ocks with foreground bl ocks, the conputational conplexity is



mnimzed at the receiver side. Figure | | takes the inmge sequence of
Figure 9 30 (after notion analysis and foreground/ background separation) as

an exanple, and illustrates how a nornal JPEG i mage sequence is
constructed_usin he above processing steps. WO 03/01072 /00158
18 The enboWﬁr?é’ﬂﬁ’g%descri bed above are intended to be illug?ﬁ%léggand not

limting of the Invention, the scope of which is to be determned fromthe
appended clains. In particular, the i md$e processing method disclosed is
not s solmékéﬁngcable to surveillance applications and may be used in
ot her appl ns where only sone Inage data |Is expected to change from
one tine to the next. Furthernore, the described nethod although using

JPEG . d i [ t limted,to this .and gth d_i

formats ey Acmeiachyfprosepuings RigoeoaRta kamBpEnS. ts sleps, PLUARRG @' ™"

semantics of {iipkBsUACRIBIOASSEEn ifRGE 4R deferfifining cfofr 6 Sraprssspdes sed
ec

data to allow a I'Si on on whether "a portion of the $gjat has Qhanged or
not to be nadversitineif a shange dmdhe imagel copipared 40 TEeVigY y chialngd imag

compr i o1 ng.  nia B obirad oy 1Shitving adRhaRed nARIGEBE M BonpRaRef=! o

det erm ni ng fing4gd.he conpressed S5 version if a change in the image conpared
to previously obtained i mage data has occurred and identifying the changed
portion of the conpressed image. 2. A nethod as clainmed in claiml wherein

the change j s Al pdiroRtds‘Qalediddin 1 Whedh the dhangietls thdicativeaf meationn cl ai m |
or claim2 wherein the 1dentifying step conprises identifying a foreground
and/ or aobackground region , the

3. A method as claimed in claim 1 or claim 2 wherein the identifying step
comprises identifying a foreground and/or a background region , the
foreground region comprising moving object(s) and the background region
comprising stationary object(s).

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 wheérein 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.

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.



foreground region conprising noving object(s) and the background regi on
conprising stationary object(s). 4. A nethod as clained in any one of the
preceding clains wherein the determning step is perfornmed upon Direct

Cosine Tr arwﬁ%%@%%on coefficients of the conpressed i magRyysed1/601s2 et hod
as claimed "’ I''mn 4 wherein the coefficients are quantized or

dequantized. 6. A nethod as clained in_any one of the preceding clains
wherein a mask is formed of the identi#fied portions. 25 7.. A nethod as

clainmed in_claim erejin t K d | '

nor phol ogi c"alRﬁPB s?%ﬁl{a'r@?é]i' %§d®9§@¢'?m%%§§§§H% %1[}' ha ﬁgé’d

precedi ng cl apémiohUbhlyethe (GhERGEE ipottion3ie tranesnsitteg amid if thenimaga idogs triod
conpressed i mage or part thereof to tora&e é&cati%\oﬁ. WO Ot§/<£10727

PCT/ SG01/ 0015epmtain achangeask prstion, dhe W, PIS%EP'T\ egped IMAPRUSIFASINSS: ( he | mage -
contains a changed portion, only the changed portion is transmtted and if

the inmage does not contain a changed portion, the whole conpressed inmage
i s transsi ti0eA. mBtha Asrclaimet as cidia Bewhprein lihicansecuiive dmages ¢y Mtcut i ve

i mages do not nt ai \ li aGSileMRgEeS are
transmtted. ﬁ‘lﬁ%’@?ﬁ%@%ﬁgﬁr@ggp 'rt]ﬁB;Prél m ?gh\m@pg? %Fhfﬁe nunber of
consecutive unchanged conpressed inmages that are not transmtted is
determ ned py,an .to,adjustabl.e paranmeter t l.ai 4,0 any
one of cl aitfsAomethad %é’faémﬁdtﬂeg]@HQnﬁdﬂh%EGéﬂ%or |o%sgﬁ88t‘%e tykghanged
i mage are tragsshdriRd dmptedad nigesahatsare ot rAndmittadis dleterminad bydni n any
one of the preceding clains wherein the previously obtained conpressed

i mage ddfa cofgius paf@mefelous conpressed i mage.

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 MUPEG compression.

17.A method as claimed in any one of the ipreceding 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.



14. A nethod as clainmed in any one of clains 1 to 12 wherein the previously
20 obtai ned conpressed i mage data conprises a stored background frane. 15.A
met hod as clainmed in claim14 wherein the background frame is updated by

backgr ound I.ng. 25 16. A nethod as clainmed in any one pefsicifoediigecedi ng
cl ai s Mer‘tﬁ?ﬁ{/@ﬁ@ conpressed version of the inmage uses JPEG or MIPEG

conpression. 17. A nethod as clained in any one of the preceding clains
wherein at |east one step of a conpresgion process used to.formthe
conpressed version is 30 reversed prior to nmaking said determ nation. 18. A
method as clained in claim17 wherein the step conprises a coding step. WO
03/ 010727 PCT/ S@01/Q0158 , 21.19. A, nethod .as ai,ned, in claim17 or claim18
wher ei n thé%@é@&@geﬁﬁlgém‘j I SQWH Qi glaim gbmeAeWetBﬁcfders BrV&Cs ng
conpressed dagyan rgtéﬁ_d froman original imge, the data being organi zed
as a set of blockS, each block conmprising a string of bits correspondi ng
to an area of the original image, Direct Cosine Transformation (DCT)

coefficien h | | [ A Starsd of bits,
the. di f18r ApchdhafBicerprifissiil BolisssRty Grved iy ot irklel’
t he DCT coef f{heidta belrig ergantzddoas afsetiobblocks; daeh ijockucampriisiagra shengg
t hreshol ded fo ach frame to produce an ipitial. mpsk indicati .changed
bl ocks, appl fo{]Q%e"ngﬁﬁP&PF’m g?icﬁq'rtﬁr%cﬂfo&ecgpglpgﬁ HWFa_ﬁ'esEﬁ'Ee(?{ [t%c_és'n$]ni tial
mask to filteyrpdformaitio (BOT) coBflicients foR2ash bitekbEiny derivediy dosodiag T egi on
is found, regarding the current frame as a backg‘rpgtj)zg_ frape, t1)@)5 therw se
i denti fying .ma,crbrsgms of pitsh dhensliffergneasybefweess r Safticients: RE the g
extractipng th j mage
or ocossdl ar r St T B Ihe BT, bEeibfs bt wJrBMb0 Rl O Ladkgrilnd ¢
clai ms. 20 22frémedsingthreshaldéd fpraach fame forproducsman injtial maskelndicating ai m 21.

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 cumrent 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 iﬁcluding 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.



23. A network canera including an i mage processor as clainmed in claim?21l.
25 24. Network canera apparatus including an i mage processor as clained in
claim 21 and further conprising an inage acquisition nmeans arranged to

acquire anJmpge lp digital form an image conpressor arr gpgReol/gd15scONPr €SS
the image and pass this to the inage processor, data storage arranged to

store inmage data fromthe image processor and communi cation 30 neans
arranged to communicate with the netwofk. WO 03/ 01Q727 PCT/ SGO1/ 00158 22
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network to tran I'ma 2 aratus as clainmed in claim24 or
cl ai m 25 wher piocesser by ta image prasessing unitt a &raffigistection unibagangethte

progranms or circuits,. i urvei li anc I C a as
clainmed in an9et8 nﬁp"’gﬁa&%@(? é’?ets%{ 9% ﬁ?@%z%rrtg%h%fdm%ft r é1ngjr%fat 3€%| mage
dat a wher e t hpasghittepant e cormhiricatioh aunitf arangesl tal cdataunicate bwith theound
data wherein the foreground and 20 agackground data are transmtted at

di ffered® bit netioBsto Bansmitthe,ipaedald i ned in clai m 28 wherein the bit
rates are adjustable in dependence upon traffic over the transm ssion
medi um 25 30. A nethod of formng a. changie_d Il mage froma E,r evi ous i mage
data and 26 Apparatumge climediidg sraimas Wgcﬂnbﬁéﬂa'@rﬁ’ﬁ the geeitadalegrents,c

Previous | Maggs e apparatus are software programs or circuits.

15 27.Surveillance apparatus including a camera as claimed in any one of claims
22 to 286.

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 t:he current image data to form the changed i-mage.

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

previous image.



conprising replacing a correspondi ng portion of the previous inmage data
with the current inage data to formthe changed i mage. 30 31. A nethod as
claimed in claim30 wherein the previous inmage data is a previous image.

WO 03/ 01072&,0%%40%;)1/ 00158 23 32. A nethod as clained i np&lgkdilogiigWher ei n
the previous™i n[age datois a background i mage.

23
32.A method as claimed in claim 30 wherein the previous image datuis a

background image.



