1 Automatic Monitoring O Mtionless Object And Ani mate Body Field of

I nvention [0001] The present invention relates to a nethod and system for
nonitoring notionless object or ani mate body, for exanple, in a
surveillance or health care system Background [0002] Security nonitoring
systemis not only useful for crine prelention; it is also wuseful for
ensuring safety of passengers, for exanple, in a lift where sone one may be
injured or fallen ill, in a train station or under-ground passage-way when
one has fallen il hyRaieMotRERBIT MbsHASSE OBRAIARIANMaRIBRAL i ents in a
health care facility is also equally .useful; "for exanple, el'derly patients
in a nursing honme may need to be nonitored closely, especially in
wash-roons where elderly people are nore likely to fall and injure

t hemsel ves; thus, quick response il§eldafdeyeation” [ 0003] A conventi onal
securit m of t t Ltaqr eCif | )
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security pastionlessobjeeor aritnatedfoligcfor eemgsls, inf satelilancnort lealth gare 8y stem. on t he
attention and al ertness of the security personnel at the security post.
More attention is required to detect a notionless object, especially when
human traffic is heavy. A notionl essB&P'ggﬂl may beconme a security scare if
it is intentionally or m schievously plant eg. [ 0004] US Patent No.

5,043, 705 descri bes a sonar systemfor detecting a notionless body in a
pool . For [eee2ypSezurity hnitoring aygemaok mot ddynasefal fod drinhes pr@adtiony duH 3lso
scanned at own tine intervals to generate sucgcessive franmes of inpges of
obj ects ex¥ssByifpgensuripg s Wopﬁp%SF%.erSsﬁzfcfégmﬁe 1 gdHE WHEE SO P IRPAPRd; a

cont our WhGRed SPRIIRA ill SHRSERAR sketioh Yor TRELOBLERP pdBigel WRAOGherdt BASThAS fall
pr edet er m ne E.'tlsma 1| ntle’r va canSta?]husrbe d%‘toectg&9 g‘I:heé{lygon%our matyal e

repr esent il gpdostamconscidusiase Momttingrofglatients oam héadtht danefayilitya st al soeeqmelly n
response. useful; for example, elderly patients in a nursing home may need to be monitored
closely, especially in wash-rooms where elderly people are more likely to fall and injure

themselves; thus, quick response is expedient.

[0003] A conventional security system often uses cameras to monitor a specific area.
These cameras transmit images of the monitored area to video screens at a security post.
However, the effectiveness of such monitoring relies on the attention and alertness of the
security personnel at the security post. More attention is required to detect a motionless
object, especially when human traffic is heavy. A motionless object may become a

security scare if it is intentionally or mischievously planted.

[0004] US Patent No. 5,043,705 describes a sonar system for detecting a motionless
body in a pool. For example, a bottom layer of a swimming pool is continuously scanned
at known time intervals to generate successive frames of images of objects exceeding a
threshold size. Successive image data are compared; a contour which remains
substantially motionless for longer than a predetermined time interval can thus be
detected. The contour may represent a person in distress and an alarm can be timely

activated in response.



2 [0005] Due to high security concern in recent events, it can thus be
seen that there exists a need for a different nethod of detecting

not i onl ess object/body to ensure safety and security in public places.
Summary [0006] The followi ng presents a sinplified summary to provide a
basi ¢ understanding of the present invgntion. This summary is not an
extensi ve overview of the invention, and is not intended to identify key
features ' ' . Jtoi r f [ ntive
concept o rodel i AR SurtSoll hredeit WanR 3Ll B S b Vgre SR

det ai |l ed aesdrfoptidifferehtineth®dtod de@dctingvmdtidaRdd objbctbody aoleasliresifety dnde
present inventiqQn provides a nethod for detecting a notionless object or
body in a SSeHUEIn publicedlagpst em The met hod conprising: capturing an i mage
of an area to be nonitored, including a background imge; converting the
image into a grey scale format; conmputing a background correlation
coefficient (bCp) between a capturedummge and the background i nmage;

capturing a predeterm ned nunber, p.af changed i mges. if the background
correl ati dﬂ°@b§’ﬂﬁ Flemngg Rreseald simlifigd ¢ CRABRHISH aba%%%fste'ﬁ%?f ng a
change corghebakéf inwatbh. THiSMmhaS ) n%%sﬁ%g@iviéx@hﬁf the ril?\%f%ﬁ@[% %H'%g

nunbers p of changed i mages, and treating each of such pair change

i mages t o notditenteddo mdentifnkeysteawingsadftthd oargntivne Rathes itisao geesentrsomieaf ithen
coefficient cCp) is . less.than a second thre | d val ue: .and sendi.ng, an
Srert oi graretiEenthin,ot Bif H3enGuy BCr eseied nn &b AebreiudBanate sty ner
enbodi nentdegériptivn tiRtHRKollbe change correl ation coefficient is conputed

by conparing two successive changed i mages or by conparing a changed i nmage
wi th each of the other p-1 changed i mages. Preferably, the correl ation

anot her b abte BRECRaRaf aRe TPl EhERE Bl o R, ik dnge

motionless object or body in a surveillance system. The method comprising: capturing an

image of an area to be monitored, including a background image; converting the image
into a grey scale format; computing a background correlation coefficient (bCp) between
a captured image and the background image; capturing a predetermined number, p of
changed images if the background correlation coefficient is less than a first threshold
value; computing a change correlation coefficient (cCp) between two of the
predetermined numbers p of changed images, and treating each of such pair of changed
images to include a motionless object/body when the change correlation coefficient
(cCp) is less than a second threshold value; and sending an alert signal when a

motionless object/body is detected.

[0008] In another embodiment of the method, the change correlation coefficient is
computed by comparing two successive changed images or by comparing a changed
image with each of the other p-1 changed images. Preferably, the correlation coefficient

is performed along a predetermined line or area.

[0009] In another embodiment, the method further comprises deciding whether a range
of the changed correlation coefficient (ACp) is greater than a dynamic range, and if the
decision is positive, meaning that the captured images are moving, repeating the image

capturing step in claim 1.



of the changed correlation coefficient (ACp) is greater than a dynam c
range, and if the decision is positive, neaning that the captured inmages
are noving, repeating the inage capturing step inclaiml1l. 3 [0010] In
anot her enbodi ment of the present invention a systemfor nonitoring a

noti onl ess object or body is provided. Fhe system conprises: a canera; an
i mage processor; and a data-storage unit; wherein with the i nage processor
is connected to the canera and an output unit and wherein the inage
processor is operable to execute an algorithmaccording to any one of

met hod cl q0eM®) Inlahoth?Odibodimemnef iR peeseRdinRAtioPa §l3RnS X6t iBnitbifg GaMer a
is operable wth white, infra- red or ultra-violet light. Preferably, the
syst em corfpetiaess ohigct raspbrstyeisi prgvideto Thp esysierma gemprissse 8 segmerd; 001 2pagen an

enmbodi nent e - st orage. uni t.he . a-storage uni. i flag
sSwi t ches. 2r}éee1sgegr}%;1%‘%@‘{l a%%cs or%qea‘gu{;v‘ﬁe(r:ﬂn e ?%‘ﬁ ﬁlg%%ee%'% fe@gl(g 1% 85“21%%{?{1 §§r%rheer gency
service. dafiRiBhnd an dotpRoinaidiaig Whedéintthe iRt piocessbt is dpeeabldiicpertectii dn
conprises a video console and an alarmpanel at a nonitoring station. In
anot her erfb@rthamccordmg tagny pag pivgethed glaimp 1713. a security station. In yet
anot her enbodi ment, the nonitoring station is a nursing station in a
heal t h-care ward. Brief Description of the Drawings [0014] This invention
wi || be dgeert] dachnbthewanbodinenn of the dyistegn, ahd oatheraris spahble veith phitscinfra-
invention, with referen tg the acconpanyi ng drawings, in which; [0015]
FIGI illU§ r"ét‘&?a‘é(l(g%ﬁéﬁm Pestorabla ﬂm"?w@m HOMEISes ﬁt@lcmg%eafw t s
area A aGapRbdbite@pe enbodi ment of the present invention; [0016] FIG 2
illustrates a process for determning an inmage with a novi ng object or

body in the area A in accordance with another enbodi ment of the present
i nvention;

4 . . . .
[0012] In an embodiment of the data-storage unit, the data-storage unit comprises flag

switches. Preferably, each flag switch is connected to a relevant emergency service.

[0013] In an embodiment of the output unit, the output unit comprises a video console
and an alarm panel at a monitoring station. In another embodiment, the monitoring
station is a security station. In yet another embodiment, the monitoring station is a

nursing station in a health-care ward.

Brief Description of the Drawings

[0014] This invention will be described by way of non-limiting embodiments of the

present invention, with reference to the accompanying drawings, in which:

[0015] FIG.1 illustrates a system for monitoring the security and safety of an area A

according one embodiment of the present invention;

[0016] FIG. 2 illustrates a process for determining an image with a moving object or

body in the area A in accordance with another embodiment of the present invention;



[0017] FIG 3 illustrates a sub-process for determning an inmage with a
notionl ess object or ani mate body in accordance w th anot her enbodi nent of
the present invention; and [0018] FIG 4 illustrates a sub-process for
differentiating a notionless animate body froma notionless object.

Det ai | ed Description [0019] One or nored4specific and alternative

enbodi nents of the present invention will now be described wth reference
to the att[amf ' t : ' d_j art,
however, that f.i: t%i@iré%l\[}gﬁtaﬁegna ﬁ%@b@g@%rgygﬁﬁﬁ%ﬁg ﬁg{]r?n aéﬁcw dé%‘e‘é*."ﬂ fnt(l:llg&

det ai |l s. Supest of animatedmidyi ih scomanve twithearnsdéree einbedinsent bfthgtphresant imgention; t 0
obscure the, invention. For ease of reference, conmon reference nunerals or
series of aﬁ'ﬂmarals will be used throughout the figures when referring to
the sane or simlar features common to the figures. [0020] FIG 1 shows a
system 10 for detecting notionless object and body in according wth one
enmbodi nent{0eK8] tHE. b dbsirates ravsubtpropess Aor differentiatingiagmotionlesreaniyneteehody0 has
a canera t%)mf %ot%ﬂ;st 8@4’ ng an area A. The camera 20 is connected to an

i mge processcﬁl 153 §fa-storage 40 and an output unit 60. The data
storage 40 includes flag switches 50, such as a notionless flag switch 52.
I n anot her enbodi nent, the system 10 al so .includes a m crophone input 25
to the i mage processor 30. [0021]Detpidsd Dessriptien an al gorit hm or process 100
for use with the notionless detection system 10 according to anot her
enbodi mrent of the present invention. As shown in FIG 2, the canera 20,

when in usie0193 ebnts onmdid sEucifef ardd slteesatiot cnibadiagents of thelReRhtimvéntion Wik
i mage process exanple, at 30 frames/s, As_shown in FIG 2, the

30, .for .
al gorit hmlm%géﬁsq@sg ré‘(%hf Crgngehtosthe pttpoed qdrgwyings. Hrshall heeappasnt tq pre

process LARiRUMNLE o, $8GRILL thald (RS dnvaifiBn miay*hk BB itinGl dubh sfpect ed
renotely to the system 10, t0 set sone tnitial paraneters 1n step 110. As
details. Some of the details may not be described at length so as not to obscure the
invention. For ease of reference, common reference numerals or series of numerals will
be used throughout the figures when referring to the same or similar features common to

~ the figures.

[0020] FIG. 1 shows a system 10 for detecting motionless object and body in according
with one embodiment of the present invention. As shown in Fig. 1, the system 10 has a
camera 20 for monitoring an area A. The camera 20 is connected to an image processor
30, a data-storage 40 and an output unit 60. The data storage 40 includes flag switches
50, such as a motionless flag switch 52. In another embodiment, the system 10 also

includes a microphone input 25 to the image processor 30.

[0021] FIG. 2 shows an algorithm or process 100 for use with the motionless detection
system 10 according to another embodiment of the present invention. As shown in FIG.
2, the camera 20, when in use, sends a stream of frames of images H of the area A to the
image processor 30, for example, at 30 frames/s. As shown in FIG. 2, the

algorithm/process 100 starts with step 105.

[0022] From step 105, the process 100 prompts a security guard, who is on site duty or is
connected remotely to the system 10, to set some initial parameters in step 110. As

shown in FIG. 2, the initial parameters include, for example, a start timer and a select



shown in FIG 2, the initial parameters include, for exanple, a start tiner
and a select 5 interval n of inage frames captured by the canera and sent
to the inmage processor 30. For exanple, when n=5, every 5th image captured
by the canera is stored in the data storage 40 and anal ysed by the inmge
processor 30. In addition, the system 10 also sets a captured i mage
counter, in and changed i nage counter, p both to zero in step 110. [0023]

The inage 1hke§@a%%ﬁ%a§¥ flafifes CapRrd I?}che' d%:ﬁe?ﬁhdl%t td T 1ﬁﬁ§é ?r&:@isgl“gﬁ for

exanple, in a RE&B format. The selected frames of the I mge aptured by the
caner a 20,Forexempls, Wdlenhe5baz¢¢gri)unnhgemgelred by e cangara i@ stoed inythe Rlata mage

rocessor gLe or.nmat n step,l ach_gre e,
P e 1o 1 lotebe AR gDt e he i s RoE S Iraddiiie. 1 rdigPa) o febs
backgr ounctapfil@binige coiiitb hfardschad g infd g@oﬁﬁeﬂ %Bﬂﬂo%eft‘)rlﬁ step 11pereaf ter -
identified as o for easier reference. V|ousfy, I mages H and Imp are

related by the image counter in. [0024] In step 130 the i mage processor
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whet her t hexampie, ﬁiaRlGBIfo@matf frhe seladted famies of ®8 $mhf3Raptuiddtyshotsmaraboe. In
one enbodl 3 h % correlation coefficient bCp Iis a cross-correl ation
coef fi ci erffclugling;the backezqund dmage Wﬁ‘a@*@nlcongeltﬁér%ﬂtezle@ge percessenApite grayy
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value of an intensity he en e 1 mage Bet'8r'e
simlarly Fmremamlabedtetgmkgpatmbad:kgmgé uinage bhempmwstldaglﬁedassm_oggrané lisat i on

coefficient at cal.led.a norpnl.ized cross- corr | ati on
coef fi ci e:}l a?ﬁf:%)en lgﬁ‘e Of gasier refererices QByioydy, images Hotddwp arg felated o
vari at i onSyy the it vel of the captured inmages. In another
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enmbodi nent,” the normalization factor is a variance of intensity of the
i mage. In yet anot her enbodi nent, other correlation coefficients are

optained. osh g5, ehote Soetineh s B LS alandaduien g on of

0.75, it rm@a Bﬁrréﬂiaﬁlagéﬂﬁ{ 1@latidn %o the background image Io. A decision is then made in step
135 whether the correlation coefficient bCp is less than a threshold value. In one
embodiment, the correlation coefficient bCp is a cross-correlation coefficient. If the
grey-scale image I is normalized, for example, by subtracting an intensity of each pixel
of the grey-scale image I by a mean value of an intensity of the entire image before
comparing it with a similarly normalized background image Iy, the resulting cross-
correlation coefficient is appropriately called a normalized cross-correlation coefficient
(NCC). The NCC is a useful tool as it is less sensitive to variations in luminance level of
the captured images. In another embodiment, the normalization factor is a variance of
intensity of the image. In yet another embodiment, other correlation coefficients are
obtained by dividing the above coefficients by the standard deviation of intensity of the
respective images. For example, if the NCC is less than 0.75, it means that there is a
significant change in the current image when compared with the background
image/template; if the NCC is greater than the threshold value, it is considered that there

is no object or animate body above a predetermined size coming into view of the camera
20.

[0025] If the decision in step 135 is “yes”, the process 100 proceeds to step 140. In step

140, the image processor 30 stores the changed image I, in the data storage 40 and



significant change in the current inmge when conpared wi th the background

I mge/tenplate; if the NCCis greater than the threshold value, it is
considered that there is no object or ani mate body above a predeterm ned
size comng into view of the camera 20. [0025] If the decision in step 135
Is "yes", the process 100 proceeds to sgep 140. In step 140, the inmage
processor 30 stores the changed image Imp in the data storage 40 and 6

identifies,t changed i eb he counters in and p. Fromthe i

count er + rosiies JBY Siperfged y RGaut® i nd B, FiiPn e ipeGicbliiet FEAR ( na
requires aleleeNimgt fiddivilen, et &pfirdaine GO WA Miage thet HyAHed Stdntios keah ke
nunber of successive changed i mages. In anot her enbodi nent of step 140,

t he backgrdstaraninadaGounist peisatsed o desek fthe inambsr pOgucsessiveachtingsdb vagey- Bt or ed

and sorted.j in i r.der.: [,. Is 140,
the ni ghestolehenBSaRRALBEES 126 M8 Ry B aue Shirpudk FpHIOR B Bie o
100 pr oceediditionally eforekdnd dodted tif an hédendimgdaclestendingsordém dftervdxetititig stequnt er
p has reached a predeterm ned nunber. For exanple, the predeterm ned
nunber nayl49ethedughsst apddawesthteps gre knovaown in FIG 2, if five successive
| mages change significantly fromthe background i mage/tenplate o and the
decision in step 145 is positive, the process 100 proceeds to process Y. |If
t he deci si[oo26] rFroat sipp 148, the proveds 10hpropealtses stepOtpinsepddsSt o dedisipn 160. | n

step 150, each goynter, in and , 4s incremented. b count before the

or otess 10BM% rt@ugfe_épp%m fgehedha _ergﬁgﬁlam@sd Rttt ph 8 | bt ng
the area ApreidlfnhedAMBE! Mehy2 b sBHBEGEh TP An@WTDRE JoRh RUFRESS] Hefighanged
i mages in‘a loop fromsteps 140, 145, 150, 120 to 135 is to ensure that

new obj ect uocassive émegesechange sigrificeftinfreth thedmekgrosnd unagedemplatenly asdttbe nal
and transient.enviro ntal .factors, su as he flickeri f .l.ighting
- ar ea A SR MRS s anstis th piopds 100 Tpreeibiarotsi g ot e Argifithg.
?Ed SO ON. st&y 14PRIUbY Nle ProvdSCRIDSHrYEecdSROSEp 150.ThtdpS1 M, badkReoli@r, Re g en
e
p, is incremented by 1 count before the process 100 reverts to step 120 for the camera 20

to continue monitoring the area A.

[0027] Capturing a predetermined number p of successive changed images in a loop
from steps 140, 145, 150, 120 to 135 is to ensure that new object/body detected in the
changed images is not caused by external and transient environmental factors, such as,
the flickering of lighting in area A, for instance, due to flicker in the power supply;
lightning; and so on. By capturing p successive images, there is a time lag between the
images; the time elapse between the images takes care of a new animate body staying

still within the time period.

[0028] If the decision in step 135 is “no”, meaning that an image captured by the camera
20 is not significantly different from the background image/template, the process 100
proceeds to step 190. In step 190, the image counter m is incremented by 1 count before
reverting to step 120 for the camera 20 to continues monitoring the area A. At the same

time, the changed image counter p is re-initialised to one in step 190.

[0029] In the process 100, the image processor 30 stores only the changed image if the
change in an image is significantly different from the background image/template. By so

doing, the algorithm/process 100 helps to keep the size of the data storage 40 to a



| mages; the tinme el apse between the images takes care of a new ani nate body
staying still within the tinme period. [0028] If the decision in step 135
is "no", neaning that an inage captured by the canera 20 is not
significantly different fromthe background i nage/tenplate, the process 100
proceeds to step 190. In step 190, the 7nage counter in is increnented by 1
count before reverting to step 120 for the canera 20 to conti nues

nonitorin | S
el nit1 i ckBfatft Shelin Ml tBodff, i Pimeld Epfeafioiied ORI T BHifblEd
processor iffgsthead M grey-seale maggdd i nege if the change in an image is

significantly different fromthe background i mage/tenplate. By so doing,
the al gorithm process 100 hel ps to keep the size of the data storage 40 to
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the unprocessed 1nmage Hmp and the grey-scale inage Imp
anot her erditedistepnitl0oin pmmembedlmﬁt ofastep &pS, 1 8ib-axea shawimage ¢pGred by ithe added
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or animate bodies is nore reliable with the use of the process 1Q0

accor di ng ggpificant; berse: thendateationnof motian pf polmown abjecis ox aaimaty hediss ds
starting whhh Qpidt w}éh ﬁsteedftﬂépéxfg%sEi@ﬁ%&?&]ﬁgg&é\fh%%bes@ﬁ'tq}lbﬁﬁggﬁnbOd' ment - of

the present 1 nventrion. e proc execu step 158.

In step 158, the changed inage counter p is set to one before proceeding to

step 160. i
P [0031] FIG. 3 shows a sub-process starting with point Y or step 155 in accordance with

another embodiment of the present invention. From step 155, the process 100 executes

step 158. In step 158, the changed image counter p is set to one before proceeding to step
160.

[0032] In step 160, a decision is made whether the difference between the highest and
lowest correlation coefficients or ACp of the changed image calculated in step 130 is
greater than a dynamic range. For example, in one embodiment, the dynamic range is
0.2. If ACp of p successive changed image is greater than the dynamic range, it means
that the change in the changed images Iy, is caused by a moving object or animate body.
If the decision in step 160 is “yes”, the process control jumps back to point X in FIG. 2

for the process 100 to continue monitoring area A.

[0033] If the decision in step 160 is “no”, a counter ¢ is initialized to zero in step 162
before executing step 164. In step 164, the image processor 30 calculates the correlation
coefficient cCp of a current changed image I, with a previous one. For example, in a
first process loop, the first changed image Imp-1 is compared with the background image

Iy and a first correlation coefficient cCp-; is calculated by the image processor 30; in the



[0032] In step 160, a decision is nmade whether the difference between the
hi ghest and | owest correlation coefficients or ACp of the changed i nmage
calculated in step 130 is greater than a dynam c range. For exanple, in
one enbodi nent, the dynamc range is 0.2. If ACp of p successive changed
image is greater than the dynamc rangef8 it nmeans that the change in the
changed images Imp is caused by a noving object or animate body. |If the
deci sion i e i S " Mes: tr ' o) it X in
G 2 SR Piobed odp. H§sesohd nleBl el 15 coRlpaleld R W i bHRRY | 0
deci si on iimage egd 4 6€tohd comelatiorpcoefliciércCp—] 8 chloulated] artdesd dn0 zero in step
162 before executing step 164. In step 164, the inmage processor 30
calculates the correlation coefficient cCp of a current changed image Imp
with a pregyg ﬁl‘ﬁf‘g r ' L '

changed iﬁg%%}IIsl?n p- elcg Oc%ﬁp@lg?{eﬁeﬁ lltaﬂﬁt%gé%gigﬁggr gﬁggﬁ} %%8266}%1%%%%? irst
corr el at i ohasgeefifriage eéndiffe@ptfroinsthe previduatchanged imhage. iierbyaleprmodsswhetBe, i n

the 8 secon rocess | oop, .the . second. changed ipage i.s co red wth the
rst chanbethitiend gases petnoieel 6 e ors ban e EhrhdAive 13 ghe pegosmegt e
cal cul at ecbhaRgidl HRadd thrb SR Malde! inNSteFaITs B (1RUSdInS a9 HBE DakBRBund iflgsd Si on
is made in step 166 whether each changed inage is different fromthe

previ ous dheesheld vialnega stepel 35bin aratherrenmhadimente theahangedamape thyesholdrealee
coefficient i.s_ lLess than hr.eshol d, va .1n.one odi nent, the
changed iﬁaﬁﬁegﬁr?'ﬁé%ﬂﬁfe&‘“{}?ﬁ"ﬁbaﬁe a%ligé%unfigtgrqsg&ﬁﬁ'giugé%tegggghe backgr ound
image threshold value in step 135. In another enbodi nent, the changed
image threshold value in step 166 is different fromthe background |

t hr eshol d 19835 elfithe decgion I stepJG95F “yes™t meapiagitbatghe icHrrentohanged image s |
meani ng t r > i [ L her ent. f r.evi
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obj ect or @amoniigebisetyr arifrtatd baRIye The tBHRSFroce3Sort Jetheblakes fdéetiion imstep n
step 168 whether all the Eredet erm ned nunpers p. of changed i mages h(fve
he

been conpat@SdWhethemalt thenprsreiermyined ewaRgfe P Phekppgehimagesiave Reqn egmpgare
predet er m e AYHRTiols tianged image. As shown in FIG. 3, the predetermined number p is

5.

[0036] If the decision in step 168 is “no”, the p counter is incremented by one count in
step 170 before the image processor 30 reverts to step 164. If the decision in step 168 is
“yes”, meaning that all the changed images have been compared with each previous
respective changed image and that all the changed images are considered to include an
image of a moving object or animate body, the image processor 30 control jumps back to

point X in FIG. 2.

[0037] If the decision in step 166 is “no”, meaning that two successive changed images
are considered to include an image of a non-moving or motionless object or animate
body, the image processor 30 control reverts to step 164 and repeats calculating the
correlation coefficient cCp of the changed image again. Before doing so, the image
processor 30 increments counter ¢ by one count in step 172. The value of c is
predetermined, for example, ¢=2 as shown in FIG. 3. As shown in FIG. 3, a decision is

made in step 174 whether the value of ¢ has reached the predetermined number.



5. [0036] If the decision in step 168 is "no", the p counter is increnented
by one count in step 170 before the i mage processor 30 reverts to step
164. |If the decision in step 168 is "yes", neaning that all the changed
| mages have been conpared with each previous respective changed i nage and
that all the changed i mages are consideged to include an inmage of a noving
obj ect or animate body, the inmage processor 30 control junps back to point

Xin FIG 7], Lf. the degisi.on i,n,step 166 is "po", neanin hat, two
Sucoessi v a0k AP B8 etibioh S G5 378 S harnme ithe TietSu ererEg ey s i

non- NoVi Ng 76efeé RNoRES] RIARBacR o %P 8k eStep Ay is $iflat FREMCRSIOEEHECH 30
control reverts to step 164 and repeats cal cul ati nrq the <correlation

coef fi ci erstepcl§$, whilstrstepc henig similardgdungjionras sepfldPelidbe decision in step 1 faige
processor 30, Ncrenents counter .¢c by. one nt_.n.st 172. . The val of ¢
PO o oot S8 AEHETR oIt Boifionin 3 Fi Bl R b6Hirk oy b0t O §
a deci si ométionlé¥BdBjettorsingRatd bodyvhes b&sh dapRiredbylthe @hmera s The pedvess 10oe
predeterm ned nunber. 9 [0038] If the decision in step 174.is "no", the

i mage pr odbasssndsen alersignal 18 stapsl 787t dedecurity ghardo o ihmoaliomnHihe jatkps

back to sg@gﬁégﬁﬁﬂéﬂﬂgﬁoﬁggs?ﬁgﬁiﬁiIar in function as that in step 168,

whi | st step S sim unction as step 170. If the decision in step
174 is "yes", c successive negative decisions in step 166 is taken to

confirmthat an i e of not j onl ess j ect. or ani mate body has been
capt ur ed 6903[911@6{? ion s dhenradsy iBcaieR 136 0MhethsaracHEn ds takenapythe SSCYRH , i n

step 178, : ' Is [ i g «3ets the
Sﬁe?sohﬁél in % 8%{% o%l}\é1 Rt 1 sﬂépﬁvk.offt dééﬁﬁo@h?&ﬁ%/f\s@fsdn% i

notionl ess flag 52. ecisfron Is en nade I n step 0 whet her
action i s thakmuedsyl 00vetssetmeidelay ipetepolidiefom re-estpetisg thoaletisignhkemtstep gnal

in step 17 the decision ig.step 18Q is "nqQ" th rocess 100 S a

e dol ay! 180 Tt ferm, B S 18035 P athe gotifiess M S2 PG in Speld 175,

ISI et h%g eQiefobrethd ProetRP 00&dntrd] Juhess back 6 pdRk POH BRS. § tBortfub proc@sskft 1 n
P the images captured by the camera 20 for motionless object/body.

[0040] In another embodiment of the process in step 164, all the changed images are
compared with one another and a respective correlation coefficient cCp is stored in the
data storage 40, instead of the earlier embodiment where successive changed images are
compared. Hence, if the number p of changed image is predetermined in step 145, the
number of changed image comparison is known. For example, if p=5, the number of
comparison and number of correlation coefficients is 10; for example, cCpl1 is obtained
by comparing image I, =1 with image I, p=; cCp2 is obtained by comparing image Imp-1
with image I =3, and so on. If p=8, the number of comparison is 28. Accordingly, the

value of p in step 168 is the number of comparison of the changed images.

[0041] In another embodiment of the process 100, a decision step 183 is additionally
made after step 182. In step 183, a decision is made whether the process 100 is to
continue processing the images for motionless detection in the area A after an alert signal
is activated. If the decision in step 183, for example by the security guard on duty, is
“No”, the process 100 control reverts to step 178 to re-activate another alert signal after
another time delay in step 182. If the security guard has verified that the alert situation is

harmless and decision in step 183 is “yes”, the process 100 control jumps back to point



before the process 100 control junps back to point Xin FIG 2 to continue
processing the imges captured by the canera 20 for notionless

obj ect/ body. [0040] In another enbodi nent of the process in step 164, al

t he changed i mages are conpared with one another and a respective
correlation coefficient cCp is stored iy the data storage 40, instead of
the earlier enbodi mnent where successive changed i mages are conpared.

Hence, i f %hg PRIDS! oy %Bn&ﬂ%@%ﬁgcésgﬁﬁgethésl g%'%tfe{ug& r}fdfok rbfr&t ﬁ’@u&{h}gss the

nunber of "‘changed image conpari'son'is rexanpl e

nunber of objetpady.son and nunber of correl ation coefficients is 10; for
exanple, cCpl is obtained by conparing inmage Imp=1 with inmage |Imp=2,
cCp2 is obtai ned by conparing image Imp=1 wth inmage Imp-3, and so on.

| f p=8, t dj . 4 n
step 168 |s t e nunglT rEﬁi %gfﬁrﬁ)g(ﬁfltggﬁg%f: Sﬁ%@h&%ééﬁ%&%@%ﬁ% g\gﬁéﬂif)ﬁi
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area A af teﬂért 3uatof! Forsdxanple, 1deiuﬁe£ﬁdﬁaéie&ea A, tﬁﬁ@oﬂ@&'uﬁbﬂéb lafd %&%a i3,
for exanple by the securlty guard on duty, is "No", the process 100

control r eanethes enbcémqnt Ilr@mptmmlesseﬁi;ag sveitoh Rrastivates a encrganyrmrwacf,tsmh

anot her tine _del I£ th i t uard has veri t the
alert sit 5t fFod™ Eb\'s{‘lanlsfgr é%e Cﬁardblkgé?"e?%ﬁ 9 #8%%%9%‘“? TefpLns | ts B Pﬂlg ocess
100 contr ofrorh 4tEpSs 18@@ld 183, mrﬂbud;ﬂessmag%“ﬂbﬁsz% RB& ift S8pd T8Eadorsecessi ng
the i mages of area A for any notionless object/body. [0042] In another

enbodi ment of the process in step 178, a notionless flag switch 52 in the

data st or et O AL LR PLACHI0VRE EHk-RNGS RIME L ShoaFATRba gettabded 11

dat a- | oggem the smlepﬂrcéss(bhban lis FIIE 3 hsvolvik @htanfrhdtel dbdyaFor hQﬁotmmS lagimate
identific ion of _.area A, tine of occurrence, and so on. |In _ another

enbodi rrent ody, ghenlite; @fnihe hody,) tog examplen adpmpn: bejng ek animab fary ihdgngeeand ce,

such quick rescue may be required. As shown in FIG. 4, the sub-process 200 starts with step
210.

[0044] In step 210, the image processor 30 calls out the corresponding unprocessed
image Hy,p and grey-scale image I, captured by the camera 20 in steps 120 and 125. In
the following process in step 220, the image processor 30 executes a sub-routine to
determine the colour spectrum of the motionless object/body that is detected; for
example, the colour spectrum of the motionless object/body is obtained by converting
the unprocessed image Hp,, into HSV and/or HIS colour formats. In another sub-routine,
an outline of the motionless object/body is determined and a further sub-routine is
executed to determine the aspect ratio and/or area of the motionless object/body.
Predetermined data on the colour spectrum, aspect ratio, outline area of human being;
pets, such as dogs, are stored in the data storage 40 to differentiate such animate body
from other motionless objects that may be commonly found in public places; for
instance, such motionless object may be a piece of luggage, bag, box, discarded

newspaper, and so on.

[0045] After executing step 220, a decision is made in step 230 whether the motionless
object/body detected is an animate body. The decision in step 230 is made by comparing



as, an anbul ance service. Accordingly, before the process control returns
to point X fromsteps 180 and 183, the notionless flag switch 52 is reset
in steps 185 and 186. [0043] FIG 4 shows a sub-process 200 for checking
whet her a notionl ess body detected in the sub-process showmn in FIG 3

i nvol ves an ani mate body. For a notionlldss animate body, the life of the
body, for exanple a human being or animal, may in danger and quick rescue
may be reqx tekbur %&t Fh afld ol SHbr BF %e&%tlgﬂgss%ﬁé& Swith flehSt ep
210. [0044] In step 210 e image processor 30 calls out the corresponding
unpr ocess elaracterigic d4ig pf amithatgr leq;h@cﬂcbred nmﬁgeiatamtpragapﬂ LIIf &t degisiongneteper a 20
I n steps .and .1 t he RLacess L.h st

processor %g 1§exyeec§ u3§%8lg>-g{96§§sghﬁ ieﬁeécu{eg% é‘ﬁeerF?ﬂ%%“Wé‘ Ptbrffrmgg’ggfj’gam of
the notionl ess object/body that is detected; for exanple, the col our
spectrum of the nDtlonIess obj ect/body is obtalned by converting the

unpr ocess d0046hdgestemP40,i the ovoige\regoghiten spisreusing anables mamicrophene 25t inpwt
sub-routi ct and a
Further - suf SRfeeh ¥t RS S REAGEERR) Rl R oBRE e B B BT e e

of the notmotidrdss animse thodedn. deditielés eieni made ﬂﬂstapmot\hbemal thel recopdeat r um
aspect ratio, outline area of human bei n((g; pets such as_dogs, are stored

in the datsquad spesEmalsvelgis #ibpye Adackarpwn H‘élﬁe el Ehepdssision inosien,2Hbis
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I nstance uch not ess ject ma e of | uggage, bag, box,
di scar ded newspaper and so on. [0045] After executi ng step 220, a

deci sion i Ln step. 230 et her, the, notjon| ess ct bod etected
is an ani r*é?“g?dg%fﬁ?us'ﬁ gt&f@él‘@%e ‘ﬁt@t@&% eF’@‘WdHeS“B’y 285 "11 €t he
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with such characteristiC data” of ani mate bodies stored In the data storage
40. 1f t heorderctoghinimiza falseplarmschel Kb me@ss 20hectsulespho velss r&d@nitivacubes a
vorce recodit rtle‘! ﬁlnstespu%d Ol%lt ses (i soﬁnc? spectrum recorded in step 240. A decision is

then made in step 270 whether any part of the recorded sound is above a threshold

intensity of some one shouting for “help”. If the decision in step 270 is “yes”, the sub-
process 200 sends out a first type of alert signal in step 178a. In one embodiment, the

first type of alert signal is to additionally call for an ambulance service.

[0048] If the decision in step 250 or 270 is “no”, it may mean that a motionless animate
body is detected by the camera 20; accordingly, a second type of alert signal is raised in
step 178b. In one embodiment, the second type of alert signal is to call the security

guard, who is on site duty to verify the alert situation.

[0049] If the decision in step 230 is “no”, it may mean that the motionless outline
detected by the camera 20 is an in-animate object, and a third type of alert is raised in
step 178c. In one embodiment, the third type of alert is to call the security guard who is

on duty and/or a civil defence squad to check on the in-animate object.

[0050] In the above description, a camera 20 is described. However, other types of
camera are also suitable for use with the present invention; for example, the camera 20
can detect infra-red or UV light instead of white light. In addition, the system shown in

FIG. 1 may be one of several separate channels of the image processor 30; these separate



[0046] In step 240, the voice recognition sub-routine enables a m crophone
25 input fromthe area A and records for a predeterm ned period a sound
spectrumenmtted by the notionless animte body. A decision is then nade
in step 250 whether the recorded sound spectrumlevel is above a
background noise level. If the decision2n step 250 is "yes", the

sub- process 200 executes the follomﬁng step 260. [0047] Var i ous situations

could | ea |t|ve deCISIO for npl e nIess
er son m SHEVEACRRY Gt TEML R BikRBoCR B 48, TR RsPirglerhontils i or
In order cofindtidd thitctigh ildd agpwluditao tbtaeceaubhamﬁﬁﬂﬁlg s&ﬁen af tonsaleeH), inlherevoi ce
recognition sub- routine in step 260 and anal yses the sound spectrum

recor ded ianPEPEHOD ALy paryxiews alhthe snoniteead @rﬁ%ﬁethrwgbt‘éée@ socsselhanothety part
of the re u e e shout i ng
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sends out afarfi indicatoype of al ert si gnal in step 178a. In one enbodi nment, the
first type of alert signal is to additionally call for an anbul ance
service. [0048] If the decision in step 250 or 270 is it may nean
that a oty e HEB! aly,
a second t?/%ygi o@ﬁ’%%g&t s?crrtR gq?/lsrh%m se ﬁtﬁ)ﬂ cg%gteﬁC%%g &ﬁogﬁlgﬂg&nﬁgé ?*F?Qnt
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S|te duty 0 verlf t he aI rt situatio If t e deci |on n step 230
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is an in- %{Un&‘l&ﬁ&doéﬂo%c&omﬁ%@ ckéNs! ShrietRonOdlo §é1&ctéc§ 1ih8d 8L @rdaNacr8dsCh 178C.
In one enbodinent, the third fype of alert is to call the security guard

who is onﬂmggynagdﬂdMﬁmvaandS@enence squad to check on the in-ani mate
object. [0050] In the above description, a canera 20 is described. However,
other types of canera are also suitable for use with the present

i nventi on;[o6s2y Wk eelﬁd AfbsdRMeA® hdle b ded&itR@tant Mllistrateddit@s undérstb@ht
instead of white light. In addition, the s%stentshomn in FIG 1 may be one

of sever althaldpanyaehangesamedificaiens, Nariatinng eng combingdensIberepfrondd bepudaie 12
the present invention without departing from the scope of the invention. For example, the

decision points and correlation threshold values in FIGs. 2 and 3 may be changed and the
principle disclosed in this invention can be used to monitor motion or lack of movement

of elderly or stroke patients in a high-dependency ward in a hospital.



channel s may operate concurrently to nonitor other areas. These separate
channel s are connected through the output unit 60 to a central nonitoring
station or console 70, where a person on duty can view all the nonitored
areas through video screens. In another enbodinent, the nonitoring station
includes an alarmpanel with a mmc bogrd and alarmindicators. [0051]
Al'so in the description, inage correlation coefficient is used to
iIIustratq%ﬁgﬁwsse of the present invention. O her techniques can be used
in additio mage correlation for their faster change detection; such
ot her techniques are, for exanple, nmulti-scale normalized cross
correlation, cross correlation along selected |ines or area_across an

i mge, inelge subtmethed fr mapiipring HMotiplesbieutidr bodi de jaf Jusvedllanselsysiels have
been descry j ated, it is understood that many changes,
nndificatf%ﬁ@?agggfg%'%%é and conbi nations thereof could be nmade to the
present i nvent icptutingauinageppdr aregtd Beafivhibeed Goglaedifg abackgroundriinage). For
exanpl e, the decision points and correlation threshold values in FIGs. 2
and 3 may be cHORYEYNE e imnge ingp ageeypicaledPEBatosed in this invention can be

"3 hi gh- deperdonhuth ek @eling Lol MRy RLR bihweln SLERAGI AR
nmoni t or i ngand thoassocibhted badigrentd iaragkiody in a surveillance system said

met hod conprising; capturi an i e . of an _area to,be nmonitored, including
A backgr ound | rEInecs RUESRs e BOmbgyd 106 Sanel paastal ehF drikgrotn

conmputi Ng Griffiid cBETicdnPls 18dshdrP fifsP RfrdshbidBflud CP) between a capt ur ed
image and the associated background inmage; capturing a predeterm ned
nunber, p of chemyedingmagebaige tdeerclation groffidient ofcCp) abétorerc oelof iafi ghe i s
less than ;?rgcflel:tér%%iné hom eci'ls% oft clhla{r?ged images, and treating each of such pair of changed

images to include a motionless object/body when the change correlation coefficient

(cCp) is less than a second threshold value; and

sending an alert signal when a motionless object/body is detected.

2. A method according to claim 1, wherein the change correlation coefficient is

computed by comparing two successive changed image.

3. A method according to claim 1, wherein the change correlation coefficient is

computed by comparing a changed image with each of the other p-1 changed images.

4. A method according to claim 2 or 3, wherein the change coefficient is performed

a predetermined ¢ number of times for confirmation.

5. A method according to any one of the preceding claims, further comprising
deciding whether a range of the changed correlation coefficient (ACp) is greater than a
dynamic range, and if the decision is positive, meaning that the captured images are

moving, repeating the image capturing step in claim 1.

6. A method according to any one of the preceding claims, further comprising

determining whether a motionless detected object/body is an animate body.



conputing a change correlation coefficient (cCp) between two of the
predeterm ned nunbers p of changed i mages, and treating each of such pair
of changed inmages to include a notionless object/body when the change
correlation coefficient (cCp) is less than a second threshold val ue; and
sending an alert signal when a notionl ggs object/body is detected. 2. A
nmet hod according to claim1l, wherein the change correlation coefficient is
conput ed by conparing two successive changed i mage. 3. A nmethod according
to claim1, wherein the change correlation coefficient is conputed by

conparing 7 chanogdimbiRacoihy RACHaiR] 6 NevHRINET sait 1dAHAERM ! BBMBAsesd- A
met hod according to claim2 of 3, wherein the change coefficient Is

per f or med deterpiangedours oétheanimatododpf tinmes for confirmation. 5. A nethod
according to any one of the preceding clains, further conprising deciding
whet her a range of the changed correlation coefficient (ACp) is greater

than a dygam cAraegRd addbrdihgt ke ¢gigd S6,0RvHefeil OsHid | dRerniiBaIYNN Gotpatest he
captured images are npving, repeating the inmage capturing step in claiml.
6. A nethd&ﬁa@@umﬁmngmhneag e@n@n%¢b9£k preceding claims, further
conprising determ ning whether a notionless detected object/body is an

ani mate body. 14 7. A nethod according to claim®6, wherein said

det er m nat9.on cANpikeileds acaediap Mdi ¢1gine 08, 0uWlRrdh $did¢ ddiermihaticno dpmplsesA

met hod according to claim@, wherein said determ nation conprises

det er mi ni rfifiAMIBNE AR AWeefiratioer & pize At theggHyate bodyatromiitso¥tilieeor di ng to cl ai m
8, wherein said determ nation conprises determning an aspect ratio or a
size of the animate body fromits outline. 10. A nethod according to any
one of cl ains 6A 9nethod tabesrdingnior sy oge deft eaimsn§-9, Sorthat/ conprésing detecting

sound/voice.

11. A method according to any one of the preceding claims, wherein the correlation

coefficient is performed along a predetermined or selected line across each image.

12. A method according to any one of the preceding claims, wherein the correlation

coefficient is performed over a predetermined or selected area of each image.

13. A method according to any one of the preceding claims, further comprising

reducing resolution or an intensity level of a sub-image that is known to move.

14. A system for monitoring a motionless object or body, the system comprising:

a camera;

an image processor; and

an output unit;

wherein the image processor is connected to the camera and output unit and
wherein the image processor is operable to execute a motionless detection algorithm

according to any one of method claims 1-13.

15. A system according to claim 14, wherein the camera is operable with white light,

infra-red light or ultra-violet light.



11. A method according to any one of the preceding clains, wherein the
correlation coefficient is perfornmed along a predeterm ned or sel ected

| i ne across each imge. 12. A nmethod according to any one of the preceding
clainms, wherein the correlation coefficient is perfornmed over a
predeterm ned or selected area of each jsmage. 13. A nethod according to any
one of the preceding clains, further conprising reducing resolution or an
intensity |evel of a sub-image fhat, is kn to nove. 14.. A stem for

moni t or i nd®a rrﬂét%ﬁ‘ﬁr%%c%ﬁ‘j“ég?c my4RF, 15 %@T‘qﬂﬁ@ml%&ﬁﬁ?‘g‘i"rﬁg&e wppRer a;
an inage RRoO ocedldd an output unit; wherein the inmage processor is
connected to the canera and output unit and wherein the inage processor is
operable to execute a notionless detection algorithm according to any one
of method ¢l ai 1-13. 15..A system acgording,t.g claim 14, wherein the
canra | s dpor ISR AR Fghne of RIS TaciS PRI, e daF Sornes iyt
light. 15 fudfer OnpYRECMARHERKEL NG to claim 14 or 15, further conprising a
m crophone input to the inmage processor. 17. A system according to any one
of clainms 14-16, wherein the data-storage unit further conprises flag

swi tches. .18. system according to.claim17, rein.each fl i,fches is
connecr o 1o a A SHREEORR oo rat 42, Sidietd retMIAETERE e bR "5,

one of cl atR®ant4mbBaendhi&RicB. t he output unit conprises a video consol e and
an alarm panel at a nonitoring station. 20. A systemaccording to claim 19,

wherein the nonitoring station is a security station or nursing station in
a heal th- Ry € V@rgfstem according to any one of claims 14-18, wherein the output unit

comprises a video console and an alarm panel at a monitoring station.

20. A system according to claim 19, wherein the monitoring station is a security

station or nursing station in a health-care ward.



