WO 2002/ 097758 PCT/ SG2002/ 000105 Drowni ng Early Warning System 1 Background
of the invention 5 The present invention relates to an audi o-vi sual system
capabl e oWormep/eT8Nng a swi nm ng pool and an aut onat ed metrtsadoo2abo@nal yzi ng
swinmers' conditions to detect potential drowning incidents based on the
recei ved audi o and video signals. A nunber of video caneras and an array
of 10 m crophones are strategically phaced above the water around the pool

such thah.Lhe: 89t ELe19MeaPh 8 PePLtean be covered. Through the processing
of the video seQuence™and/ or ?he audio signal, abnormal conditions will be

detected and considered as potential drowning cases. Such a system serves

as an a;ﬂ 1? to the Ii% -guardston duty or as a distress call to alert the
at t ent i gr2GFIRBEPBY °pe gﬁe?nﬁfnp%ggent, there does not exist a viable

automated system that nonitors a swi mming pool for a person in distress by
20 anal yzing swi nmers' behavi or. However, there are so nmany Sw nm ng pools

wor | §wi deheprasedti AnpapFien pFatesespFpyate2uAbAsES SUBSNEIRIATUNS and
hotels. LBLLKECPYB! hEnROBLEng MDSLy 1A K! BoBIOLAGTRNOLLBAKE LI hRAUAIS on

duty. Therefore, a system can provide nonitoring assistance to such
pool s 25cfwahdl heingebulimmens addohddhioassyst deteapabbeeotiallerting the
| i fe-guards on duty of 8otential disgﬁess or.drgmniag i nci dences woul d be
hel pf ul . S5PWREYIr REGECBES AR pRr SBn R TEFSLYESs2BFTPha Gr SWATRg vi cti ns
i's critigahnkisSani Agmbb¥ess AdebNchREYEBt BAB hhM BY¥ehRgi BFe injuries. It is
thus highly 30 desirable'to have an_ automatic system capabl e of detecting
di stlifessnbrrpphenesabrdr ond iegd beel d¥npsagedanbesp| {het HgEerwar2o0g) 097758

the pool such that the entire swimming pool can be covered.
Through the processing of the video sequence and/or the audio
signal, abnormal conditions will be detected and considered
as potential drowning cases. Such a system serves as an aid
15 to the life-guards on duty or as a distress call to alert the

attention of nearby people.

At present, there does not exist a viable automated system
that monitors a swimming pool for a person in distress by
20 analyzing swimmers' behavior. However, there are so many
swimming pools worldwide, located in public places, private
houses, condominiums and hotels. Unlike public pools, most
private pools do not have lifeguards on duty. Therefore, a
system that can provide monitoring assistance to such pools
25 would be useful. In addition, a system capable of alerting
the life-guards on duty of potential distress or drowning
incidences would be helpful. Timely rescue of the person in
distress or the drowning victims is critical in saving lives
and in preventing irreversible injuries. It is thus highly
30 desirable to have an automatic system capable of detecting

distress or potential drowning accidents at an early stage.



2 Rel ated art PCT/ S&G2002/ 000105 There are a few prior arts describing the
nmonitoring of sw nmng pools to detect drowning cases. Mdst prior arts 5
descri be wbheoes®78 fl oati ng devices that will sound anPalrsGioziohotohere i s
a wave (US Patent No 3953843, 4510487, 4775854), an echo (US Patent no
5274607, 5369623) or when the water is disturbed (US Patent no 3969712 and
5923263). These prior arts are mainly useful in detecting people entering
swWi MM NgrdP- PRA! §r+Presumabl y unaut horized. US Patent No 4747085 and
4932009 describe the use of an array of transducers (typically ultrasonic)
to detect the rate of notion of the swimer and if the rate is suspicious,

d [ ' d. . The US P 3705 [ - f
i 11 asonTEST8 Fhlaf £5"SBARCEG bot T ORTAR L ap | ByBror F RASsi i ng pool

to detectyimhingl gss1bodbesetassudrdwhinbecpessi.bMesdr pwhbrgartisct i ns,
whi l e US Patent no 5043705 detects notionless Fodies b¥ usin% sonar
scanii ngdepwaibet Ebf ERE Bt CoRRBENEhESHO6RS tlATalbther °HPPr 65¢h  2G8

Pat ent ng;?@?%éﬂfisf’éo@%% and 2Q:8907R813beky4an asdevbge worBghy)the

swimer. T sw mer goes below a certain depth for an extended
dur at i onanfethoe (USaRadkatnmmai bR7He0gentBaPed3or o wheat thet Waaeed i suS

broat hi NG SBERAS a1 EaEaR b TOne PRl B val beC ASERot he S8 BbEBHEE and

presence; pf st hesengoHNgsukerdet ennigeethengppesphil ehyeatngr swninngngThe
only patents that use video caneras for ﬁrocessing are a% fg||O%FZ 30 1.
5886680 Hestsi besesheahdy vhavrdesieanerds Fataatellp 2747085 an

4932009 describe the use of an array of transducers
(typically ultrasonic) to detect the rate of motion of the
swimmer and if the rate is suspicious, drowning is assumed.
The US Patent No 5043705 describes the use of ultrasonic

15 radar to scan the bottom and top layer of the swimming pool
to detect motionless bodies, assumed to be possible drowning
victims, while US Patent no 5043705 detects motionless bodies
by using sonar scanning upward from the bottom of the pool.
In another approach, US Patent no 5097254, 5408222 and

20 5907281 rely on a device worn by the swimmer. If the swimmer
goes below a certain depth for an extended duration of time,
an alarm will be generated or a float activateq. US Patent no
6111510 uses a microphone system to detect heartbeats and
breathing sounds and measures the interval between the

25 absence and presence of these sounds to determine the

possibility of drowning.

The only patents that use video cameras for pfocessing are as
follows:

30
1. 5886630 describes the use of video cameras to detect
motionless bodies at the bottom of a swimming pool. The

presence of such motionless bodies is used as an indication



notionl ess bodies at the bottomof a swi nmng pool. The presence of such
notionl ess bodies is used as an indication WO 2002/ 097758 PCT/ S&G002/ 000105
of possi bWwe 2dexnamisag. 3 2. 6133838 descri bes a net hod wrCtlsGoneohvies t he
installation of nultiple underwater caneras at the side of a 5 sw nm ng
pool. Drowning is assuned if a body is detected to be noving slowy or
noti onl ess underwater beyond a predetzerm ned tinme. None of them however

provideso§n§ gg§5ﬁgp5&angggnethods of 10 anal yzi ng swi nmmers' behavi ors.
Most approa ﬁes assuned that absence of notion or slow notion is an

i ndi cation of dromning There is however a S|gn|f|cant possibility that the
actions mrng on th po ivin ng underwat er
could tri gge%ﬁnggg 3?5?5& %o r@ﬁ&gg H%ﬁ % éfa?%% the systens
above hayestaibethast akl ﬁﬂlszlibflleciue@telrwat@@er@anﬂe&a%ucaft arease deowever ,

distress or the earli drowning of a child at shall ower places cannot be
det ect ed sVWADMEBYEPOC arD?OMﬂ§P9e§§ égergegy i awlrser lendatirsteypiteal

initial %t&8995@5s%fgweow&%algweégeahafemt@ kNG & ignored. By 20

the time " tThe body sSin down to such a here i's only little tine
| eft to pesdeecthenedctine.Furthernore, the above systens require the
pl acenment of underwater caneras which requires significant and expensive
installation procedures which also results in an interruption of the

p00|5"2§09995§ttﬁ@m hheeeker eroaiskst amyoliekhirs phype logavesnddehotro be
desired. Summary of the Invention 30 It Is an object of the present

|nvéHlloﬁnaéypnbglaélam§y§teﬁﬁhéﬁé0ﬁéthMéSFoﬁpﬁéﬁﬁpﬁﬁﬁn@5§U§Wﬁnﬁﬁﬁ§ pool to

| ndi cate %séhge of motion or slow motion is an indication of

drowning. There is however a significant possibility that the
actions of standing, swimming on the spot, diving or playing
underwater could trigger false alarms. To reduce such false

15 alarms, the systems above have to be installed sufficiently
deep. In such a case however, distress or the early drowning
of a child at shallower places cannot be detected; moreover
early distress calls by a swimmer and the typical initial
struggles on the water surface before sinking are ignored. By

20 ‘the time the body sinks down to such a depth, there is only
little time left to rescue the victim. Furthermore, the above
systems require the placement of underwater cameras which
requires significant and expensive installation procedures
which also results in an interruption of the pools'

25 operation. Therefore, a system of this type leaves much to be

desired.

Summary of the Invention

30 It is an object of the present invention to provide a system
and method for monitoring a swimming pool to indicate a risk
of drowning of swimmers, which system and method only make

use of above-water video cameras with optional microphones to



of drowni ng of swimmers, which system and nethod only make use of
above-wat er video caneras with optional m crophones to WO 2002/ 097758
PCT/ SQ00RO0@10%5758 cover a swi mmi ng pool and whi ch camcCrsiGeiiogoiondi cat e

a risk

of drowning of swinmers. The object is achieved by anal yzi ng

swinmers' conditions 5 which detects distress or possible drowning cases by

maki ng
ar ea of

i mage features of

use of the cues of sw mmers' Ppehaviors, such as body orientation,

@ﬂﬁxﬁd%@él ﬂ?é('voﬂléll'nrégﬁ'P@ll%ﬂy@ﬁ&?@aﬁ&”ﬂekﬂbﬁs the

e surrounding areas of the swmmers (for exanple,

wat er riqpldr@aties ns) ,sdlusedsen changes in the swi nming pattern,
irregular activity, and calls for assistance. The present invention
differs fromthe existing nmethods at least in the follow ng aspects: 15 1.

The systeqa i Spiast ald efhiaboved tihg ¥84 BYzi ngksndnmé Ast atbadli enoasd
mai nt enance easy and inexpensive. The ﬁsten1can be installed in existing

swi mhi ng'ipodt sdgl etioutdisees s oubl RIBHEL

conpl ete

|nstalla ion of Un

@ RS HRY Ve PR CRYURRE 1 BE
PEL s A0 d&?éé‘a&f sgslﬁf?éfév 6&%‘%‘/@5%9”53138}‘1 ge%bagl and

erwat er devi ces e systemis nonitofing distress

and ear |yr terovant itgh, sixges sticthasbody eglubae mmxanln@owamgedmsectigns of 25

etc_and calls_for assista

t I dd b f._bod
does Pt MRbI By GopS 1T DT oSS Fete  She it foh Br D0Fdds. o

met hod f&fea@%f OF the G4 1M P o 39x R8O e | Owd il CAL 8p Be Fhskt &Fn gy pwni ng of
swimmers, the method conprising:

10

15

20

25

30

sudden changes in the swimming pattern, irregular activity,

and calls for assistance.

The present invention differs from the existing methods at

least in the following aspects:

1. The system is installed above the water, making
installation and maintenance easy and inexpensive. The
system can be installed in existing swimming pools without
the troublesome and expensive procedures of complete water
drainage or costly renovations for cabling and

installation of underwater devices.

2. The system is monitoring distress and early drowning
signs such as irregular swimming patterns, signs of
struggling, sudden submerging of body etc; and calls for
assistance. It does not solely depend on the motionless

cue.

The invention provides a method for monitoring a swimming
pool to indicate a risk of drowning of swimmers, the method
comprising:

taking a plurality of subsequent images of a monitoring

region at least partly containing a water surface of water



taking a plurality of subsequent inmages of a nonitoring region at |east
partly containing a water surface of water WO 2002/ 097758 PCT/ SG002/ 000105
5 cont aiweaoiznortse swi nm ng pool by nmeans of a canera @®@QISIGAe2/006eswat er
at a plurality of predeterm ned subsequent nonents in tinme, in each imge,
detecting the presence of swmer inmage 5 portions each of which shows a
swi mmer present in the image, processing each detected swi mer inmage

porti on, o88:33nk@ 255ka8 LO1kASnLeRRRAl bye rRWITRy LIRARA bR
characteristic two-di nensional geéonetrical figure, wherein the geonetrica

figure i shehanaeteritzedpbyraflitgast omeded epmedetde smibmedugadmEaTiaid]s
attribute, assigning to each geonetrical figure a figure position of the
geonetriéaltﬁpﬁure, wherein the figure position corresponds to a position

of the detected sWeRNMBhahBRIGetPOEihENthE Dhedeige ol wiigineat i@ast one
pair of two subsequent images, i.e. of a presently processed present inage
and & preecsashy epcbcesseliphedhous PmayerTEsMpariSRg by dinudd o @t99 east

one out of tRe tLausg POSLhl AD:BRACLNS, dlvl0aTk 008 BEQTRE | 6 asdldy ibute
of the presenP I mage § that of the previ ous i mage, SO as to detect a
change i asthenf tgureepesspeoni vgeemetimecalimagtet piclutienofa t he present i nmage
as conpared to the previous ,inage, based on the etected ch nggjjn t he
figure pGEPFPSHFr1éééﬁeFWP68Fm§P r°b egﬁpmﬁﬁ§‘§ﬁ sgd@@ﬁFfiﬁ§§3§iIhssigning
to 25 thR-CQLLESROAELNTFSYLIEER seichBet c@ cdnowd By c@ndidisen drrdi cat i ng
that there is a risk of drowning of the swimrer or a safe condition
i ndiléat i pgetihtermhord gsometriskloftéirérmitey
assigning to each geometrical figure a figure position
of the geometrical figure, wherein the figure position
corresponds to a position of the detected swimmer image
portion in the image,
15 for at least one pair of two subsequent images, i.e. of
a presently processed present image and a previously
processed previous image, comparing values of at least one
out of the figure position and the at least one geometrical
attribute of the present image to that of the previous image,
20 so as to detect a change in the figure position/ geometrical
attribute of the present image as compared to the previous
image,
based on the detected change in the figure position/
geometrical attribute of the subsequent images, assigning to
25 the cdrresponding swimmer either a drowning condition
indicating that there is a risk of drowning of the swimmer or
a safe condition indicating that there is no risk of drowning
of the swimmer, and
outputting an output signal if a drowning condition is

30 assigned to the swimmer.

The invention further provides a system for monitoring a

swimming pool, the system comprising:



of the swinmrer, and outputting an output signal if a drowning condition is
30 assigned to the swmer. The invention further provides a systemfor
noni t or i Myo20022087T81 Nng pool, the system conprising: WO 2002G2802708@105

PCT/ SG2002/ 000105 6 at |east one camera being installed for taking a
plurality of inmages of a nonitoring region at |least partly containing a
wat er surface of water contained in tlge swmmng pool at a plurality of

subsequent nMOEEN g kR bhEEcahBeaCBBEhE ibstuntiber rbei ngxingt al | ed outside
the water, and a conputer being coupled to the camera to receive an inmage
taken byptheadamer afandagsisngti AsPENLEQTESIECEESE Bifte LePREgEAMr ei n t he

conputer conprises: _a ns tecti e . of I B hifRge 10
portionsc8§g l8ﬁnﬂhﬁcng%gwgtg%gagnégrM%??%QEFB%%ﬁtgg ﬁﬁa§2¥4 procégggng
each det pebedasWenpRiraldd§ par sLubsegsends romendss iign tiioet, heheespoetiave

SwW mMer 1 mage portion a characteristic %ﬁp-dinension | geonetrical figure,
wher €l n TEEEhgEoREEFHCcANSERGLRE PECEHEFACEr M2 hy 2AE | east one 15

predeterm “edage%@h%?%e%brEégﬁgedatae@ﬂg tameassignirageti@eceash
geonetrical figure a igureposition of the geonetrical figure, wherein
the figuimagposikieonbgorthespendsat engd pesingi ensehlilled det PECEEsSwitirer

Lpagaopog%%ggqhgﬁ%ggaéggg%,F%gpggnga%%m ggsggqparing, for at | east one pair

a presently processed present inmage and
a previously processgdapseybousetfagengvahaeprekeate beastimnerodmagk the
figure position and the at |east one _ . ,

10 portions each of which shows a swimmer present in the image,
processing each detected swimmer image portion, so as to
assign to the respective swimmer image portion a
characteristic two-dimensional geometrical figure, wherein
the geometrical figure is characterized by at least one

15 predetermined geometrical attribute,

a means for assigning to each geometrical figure a
figure position of the geometrical figure, wherein the figure
position corresponds to a position of the detected swimmer
image portion in the image,

20 a means for comparing, for at least one pair of two
subsequent images, i.e. of a presently processed present
image and a previously processed previous image, values of at
least one out of the figure position and the at least one
geometrical attribute of the present image to that of the

25 previous image, so as to detect a change in the figure
position/ geometrical attribute of the present image as
compared to the previous image,

a means for assigning to the corresponding swimmer,
based on the detected change in the figure position/

30 geometrical attribute of the subsequent images, either a
drowning condition indicating that there is a risk of
drowning of the swimmer or a safe condition indicating that

there is no risk of drowning of the swimmer, and



geonetrical attribute of the present inmage to that of the 25 previous
image, so as to detect a change in the figure position/ geonetrica

attri but ewof200®738esent i mage as conpared to the previPCISG2R@Pe)108 neans
for assigning to the corresponding swimer, based on the detected change
in the figure position/ 30 geonetrical attribute of the subsequent inmages,
either a drowning condition indicating that there is a risk of drowning

of the swimrer or A sades condi dhoputinhgaihngutpat stheee is ao risk of
drowni ng of the swi nmmer, and WO 2002/ 097758 PCT/ SG2002/ 000105 7 a neans
for out pdtevmnancendpbtosi ghahssiorcdrbInFRg EBABIEFon is assigned to the
swi mrer. Brief discussion of the drawings 5 Fig. 1 shows. a system setup
for an enbodi mnent of the system according to the present invention;, Fig. 2
i |l ustrasesef iieecoyeibappEnghendgasingst hree 10 different sub-regions of a
monitoring region, the imges taken by three different cameras; Fig. 3
shows (a) a typical image of a swinm ng pool and histograns of the (b)

Red, (c)p3een ang,&d} Bl YeemOkefuplbo£0aR0BRBbAhehReciMBge; sFk@enda shows
a background scene of a sw nmmng pool; Fig. 4b shows a segnentation of the
i mge ofadtqrdimgwie hth@Opfesent| UBYeRS1iOFig. 4c shows a 3D (4D) scatter
pl ot of the background scene of Fig. 4a and 4b in RGB col or space, where
each cluster is shown in different color (gray scale); 25

Fig. 2 illustrates three overlapping images of three

10 different sub-regions of a monitoring region, the images

taken by three different cameras;

Fig. 3 shows (a) a typical image of a swimming pool and
histograms of the (b) Red, (c) Green and (d) Blue color

15 component of the image;
Fig. 4a shows a background scene of a swimming pool;

Fig. 4b shows a segmentation of the image of Fig. 4a with

20 four clusters;

Fig. 4c shows a 3D (4D) scatter plot of the background scene
of Fig. 4a and 4b in RGB color space, where each cluster is
shown in different color (gray scale);

25
Fig. 5a shows one time series of intensity values of a pixel
where ripples occur, for a plurality of subsequent images

(frames) ;

30 Fig. 5b shows one time series of intensity values of a pixel
that the swimmer goes through, for a plurality of subsequent

images (frames);



Fig. 5a shows one tine series of intensity values of a pixel where ripples
occur, for a plurality of subsequent imges (franes); 30 Fig. 5b shows one
time seriwe 2062/9m38nsity val ues of a pixel that the swPemSG2gRe80tRr ough,
for a plurality of subsequent inages (franmes) ; WO 2002/ 097758

PCT/ S&G2002/ 000105 8 Fig. 6 (a) to (d) show imges of swmmers in a-

SWi mm ng pool, wth detected sw nmergi mage portions, wherein the contour
of eachrdgt et eg) svb MBS LRBYEiRAGEEODS| Swapeexi At edshymbest- pbol,
ellipse; 5"Fig. 7 shows a state flow diagramfor the detection of

pot ent i avithodptagte®i gvivnehowBagRePOFFEALEL | BREBEIRNENBOAPREPUA PFacked
swi nmer 10, for rall f. e r : i,d amer a;
Fo o shovk Precrhrd Sriblel i BERS YRR oe TE PRI e ey e o hna 1
Fig. 10 shewslahpsé}ustration of the overall process flow of an enbodi ment
of the systemaccording to the present invention. Detailed description of
t he 5%eferred enbodi nents 20 Hardware Setup A nunber of video caneras are
mount ed ?‘??Veﬂ@ﬁov?g"i i ng: o PEObandagten! e6at edeaneupdtibe pgol such that
t hese caneras 25 cover the view of the entire swi nmm ng pool. Typically,
each capetantsahodneedihigh up and at an angle viewi ng downward to the
pool area so as to cover a large field of view,

Fig. 8 shows the orientation of the body of a tracked swimmer

10 for a plurality of subsequent frames taken by a video camera;

Fig. 9 shows the rate of orientation change obtained form

Fig. 5; and

15 Fig. 10 shows an illustration of the overall process flow of
an embodiment of the system according to the present

invention.

Detailed description of the preferred embodiments
20

Hardware Setup

A number of video cameras are mounted above the swimming
pool and are located around the pool such that these cameras

25 cover the view of the entire swimming pool. Typically, each
camera is mounted high up and at an angle viewing downward
to the pool area so as to cover a large field of view,
reduce occlusions of swimmers and minimize the perspective
foreshortening effects. All the cameras are enclosed in a

30 rain-proof compartment suitable for outdoor setting. Figure
1 shows an example of cne such camera 100. There is an
overlap in the view of each camera 100 and the two cameras

200, 201 at its side. An example is shown in Figure 2 in



reduce occlusions of swmers and mnim ze the perspective foreshortening
effects. All the caneras are enclosed in a 30 rain-proof conpartnent

sui t abl e Worzoeumamer setting. Figure 1 shows an exanpl @CofSGaoe/osuoh canera
100. There is an overlap in the view of each camera 100 and the two
canmeras 200, 201 at its side. An exanple is shown in Figure 2 in WD

2002/ 097758 PCT/ SG2002/ 000105 9 which 3 video caneras 100, 200, 201 are

used to L, the; [ L ew phothegpookb 101, T [ a 100 and
canera 2 %ygve§lgﬁgggs£§%¥% %g9caheragéogoanérgaggsg’gg&g%g%%ggge vi deo
caner as 400ir200ie®04f capt upeol helli débe séquenfesanbrahdl@ctind ties inside

t he pool 101. t he aneras 10 200, 201 a i dentical an ach is
responsi?@%@r?§$&ﬂDﬂY?Eﬁéﬁﬁ %?p%??#oﬂsoFaFﬁﬁapggp 16 .C?W§r§ig8 " sequences
obtained will be processed by conputers 102 to 10 anal yze for potenti al

drowni ng cases. In the follow ng section, the nmethod of analyzing one
swi mier sTiyehavy bied scaieseussedOmni £APn £he eeptexe bheavideagl e camera 100,

t he typi g o] ipch: is ] i d.jn,Figure imlarly, the
array of§%¢%$%% %H%gQH%ﬁgg?%@+%%%%%digﬁgﬁgtﬁ%% %%ﬁ%dhggénﬁé%y§%§;t of the
SW M Ngcameods 1000 carnbe phrkede updertiablyandheaandie skgpahsiBde will be
enhanced_to increase the signal to_noise ratio, This is also depicted in

Fi gure 10D IhetoF i 3iRMaT 052 Ant audPst st Ghal THB4VAFE pr ocessed by a

conput ersJQ2- ke & &EﬂgﬁﬁgdOWifPHRQt%féeegbédV$QeeoﬁbGBéks1@52_E%” be sent
to a dedicated nonitor for view ng by the person in-charge either via a

W réfl |iarebyza Wy eesntiak. dXsvsing | @2$gs- t he audi o signal 104 can be
sent to the speaker

In the following section, the method of analyzing one
swimmer's behavior is discussed within the context of a
single camera 100, the typical arrangement of which is

15 depicted in Figure 1. Similarly, the array of microphones
103 is located such that sound from any part of the swimming
pool 101 can be picked-up reliably. The audio signal 104
will be enhanced to increase the signal to noise ratio. This
is also depicted in Figure 1.

20
The video signal 105 and audio signal 104 are processed by a
computer 102 or a cluster of computers. The video signal 105
can be sent to a dedicated monitor for viewing by the person
in-charge either via a wired line or a wireless link.

25 Similarly, the audio signal 104 can be sent to the speaker
via either wired or wireless means. When an abnormal
condition is detected, which could possibly be a distress or
drowning incident, the person in-charge will be alerted. The
person in-charge can view the video signal 105 and hear the

30 audio signal 104 to decide whether it is a genuine drowning
incident and if it is, further rescue operation would ensue.
If there is no response from the person in-charge after a

short duration of time, a loud audible sound can be emitted.



via either wwred or wirel ess neans. \Wen an abnormal condition is
detected, which could possibly be a distress or drowning incident, the
person i rwohaex®7il | be al erted. The person in-char gePcarsGeiewotlog vi deo
signal 105 and hear the 30 audio signal 104 to decide whether it is a
genuine drowning incident and if it is, further rescue operation would
ensue. |f there is no response fromicte person in-charge after a short

duratione 9f 51 LB, p@oh OH O Sk B! ehéoywﬂmﬁ@ﬂgbpoem tbed WO 2002/ 097758
PCT/ SG2002/ 000105 10 to alert people nearby the swi mm ng pool 101.

Qperating Principle 5 The video data acquired fromthe video canera 100 is

being s | ed.and_ digi.tized and the digitized data is nade available to
t he conﬁ@ggﬁégéﬁg E%%ﬁ%%¢£§, t he nunber of sanples or frames acquired is
between 1 to 8 per second. The video data being processed is broken into

short sequences. 10 Typicall|ly, .the duration of each se nce | s.between 20
seconds Tieepideeodasd Fre vhefatFoh %ﬁ? gééﬁosgﬁﬂ%ﬁﬁeﬂﬁg l§ih?98? and wil |

be as fo oF9R each; SEAUENSEs 8nSWHNHRE i delieghigni Boguke is |aunched to
15 detec%égﬁﬁecount thglnunber of smﬁnnggg.lThis procéss is divided into

t hree stageslanheety ghebatmsuhersivVeal Tvpdepllyenthat honbesegient ati on of

sw nmer s_and. updat i the _statistical . These,w crizhed in
nor e det%?mplﬁgl8ﬁngﬁmi§ %f%%%fe%tﬁgigg?gg%nngdgﬁ agéé%aggggﬁéfgggg 3
shows t hei hést @gt an3900g of recbaskgr dundrskeneiatoashbypi eabjuswieani.ng pool
101 in RGB (red, green, and blue) 25 color space.,K These data 8isp|ay t he
behé@iorThBl@%b@EteHbe duration Of each sequence is between 2

seconds to 60 seconds. The operation for each sequence is

similar and will be as follows.

For each sequence, a swimmer detection module is launched to
15 detect and count the number of swimmers. This process 1is
divided into three stages, namely global statistical model
generation, segmentation of swimmers and updating the
statistical model. These will be described in more detail
below.
20

1. Global statistical model generation

Figure 3 shows the histogram 300 of a background scene of a
typical swimming pool 101 in RGB (red, green, and blue)

25 color space. These data display the behavior as expected:
the black strip and water pixels form two fairly well
defined peaks. This observation inspired us to employ the
kernel-pbased mean shift procedure [1l] to perform mean shift
clustering. It provides a mixture of Gaussian distribution

30 ‘for the background scene.

The uniqueness of background scene of swimming pool 101 in a

data analysis context lies in the fact that the image data



the black strip and water pixels formtwo fairly well defined peaks. This
observation inspired us to enploy the kernel-based nean shift procedure
[11 to pewDaoeweyems shift clustering. It provides a m PCHS&2ef2/08H0SSi an
distribution 30 for the background scene. The uni queness of background
scene of swinmng pool 101 in a data analysis context lies in the fact
that the image data WO 2002/ 097758 PGl SG2002/ 000105 11 are strongly
correl at gdg gkyéhgﬂiibBrEQQahQHDtCQQE%b@s GQr £&eP9Rd ntoqunder yi ng

conti guous region thin the 1image, the recovery of which has been

achi evedcusicrgpbhd tpeandshilyingr costidguouli gegeonsshowsinhéh®D scatter

pl ot 402.5 of t scene_400 of. the i mm oal ., 101 i.n_the col or
space anﬂmﬁgg'sggﬁeﬁFgPW85y48f.wgﬁgﬁrhﬁaeggggaagpéegggi83%&9REEEEIusters
usi ng EugkhdeanidishabeeduEachrebusten bkBowassueednt gchetarmlioitvamizat e
Gaussi an characterized by its nean value and covariance matrix. 10 2.
Segment ap£ohhef SsanAMEPE Sfi FitRr SWiHNERE BEEhe 1Ake 18n5P8cREB £8d By a
refatively, latge deyl abkanatoembngobackgeoundgst abkst Les. -Changes: in 15
t he nodel*SCéne are conp &d at every frane by gonparlng current frames
wi t h t hetopdelist¥eshushagsetcofddbol désersce{ €achi clusterTithat nodel the
background scene at tine t, a sinLIaritg neasuke IS con%éte bet ween t he
i ncom ng@FPEMET BRAPEhE BHCkGVBHAA GsPRYSERE nGPREFFLEG KERarindbis 20

di st anceyeJhi $aPheVEHES cBRaeshheBtRa0bikhe similarity with the background
at %Xfry pi xel . The di stance neasure of a pixel in the current frane is:
25

2. Segmentation of swimmers

Swimmers in the scene are characterized by a relatively
large deviation from the background statistics. Changes in

15 the model scene are computed at every frame by comparing
current frames with the model. With the set of N clusters
{Ci}i=1. .y that model the background scene at time t, a
similarity measure is computed between the incoming frame
and the background using the normalized Mahalanobis

20 distance. This provides an estimate of the similarity with
the background at every pixel. The distance measure of a

pixel in the current frame is:

Dp (X:) =arg min (Dp (Xt \ Ci; ¢+ 1 =1...N)),
25 i

Do (Xt \ C;i )= In /Zi,t/"' ( Xe = 4 1,6 )" Z—li,t ( Xe — K it ),

- Where D, (X:) measures the lowest difference between a

cluster centroid and the projection of the pixel's observed

30 value on the sub-space spanned by the cluster; p;,+ and Zj, ¢

h

are the mean value and covariance matrix of the i*® cluster

at time t.



Dp (Xt) =arg min (Dp (Xt 2 G i =1.. . AT)), f i Dp (Xt \ G )=InlE,t+
( Xt i,t TA~ALi,t ( Xt ui,t ) < Were Dp (Xt) neasures the | owest

di f f er encwolet2merssa cl uster centroid and the projecti @aTeG20R®o@ioxel ' s
observed 30 val ue on the sub-space spanned by the cluster; ui,t and Xi,t
are the nean val ue and covariance matrix of the ith cluster at tinmet. WO
2002/ 097758 PCT/ SG&002/ 000105 12 Thusz if a region of the inmage is

suf fici enhl¥, di §Sknirkan onf b@Mthke inadel ed backdcdwnd,] t kg ssystidrmmw | |
consider it to be a swmer. A binar¥ map i s then formed for the current
frame, iBrARi ERher BgREARS I BACEIFERBPNGTRE ENSTSRI Mridrs careisieri g itdht ed as
mot fon DD SBARE TOAPRALAGHS 4L 0RE! BHEANToRIOTON - Aio@hd 2] are
applied to renove smal [* noi se reglons and to fill holes in these regions
of i nteréstme, Hinewed chs apgisagnentracsprneingr $ontlhe swiilmneper @irst due to

reflections (or_ripples n the.surface of the er,, ich 10, are not
expli%itpﬁgpiégﬂagﬁ PﬁtQOEHSHbE&R5P0u as&sd@P?p§§5qgﬁ5| dPRG & T3S i
know edgg.phst BR-g\Wh AFBES,) QU Syst 8pbiisedabbe reaidiidr shern 1Suppsess this

type of false segnentation. In order to differentiate reflections on the
surface ofgieBswandr tandisvi hedes, ifethare &eOilmEssef datereisttensity
val ues fgr two types of _pi .(One of spiX a courrence of
ref|ecti§%¥98ﬁFy ﬁFFhsﬁng%%%§é§§,e%%ﬁ%ér&legi%§?1?i§§&§§F?e§H§b§% whi | e
swi rmer srpasscthoasghotheipbhes) bypehef spirXeks, ofonpar @asecondhtiice seri es

501. Figure 5 20 shows  the typical ti series 500, 501 of these two types
of Il xefs® EPEa?FQ}lFﬁéﬁg i CéuaFQtFﬂ PiséeCEﬁF%§§PuBétW83ﬁl's mrers and
reflecti ons1hAihe" M ahibrtensblyc8haNgESthe swimmers, our system is

able to further suppress this type of false segmentation.

In order to differentiate reflections on the surface of

15 water and swimmers, we take a time series of intensity
values for two types of pixels. One type of pixels has the
occurrence of reflections only (with no swimmers, compare
first time series 500) while swimmers pass through the other
type of pixels, compare second time series 501. Figure 5

20 shows the typical time series 500, 501 of these two types of
pixels. Clearly, there is a distinctive contrast between
swimmers and reflections 1in term of intensity changes.
Swimmers generally cause a significant decrease in intensity
of the background scene, while reflections and/or ripples

25 make the scene brighter. As the pool 101 mainly contains
water, the overall brightness of the scene B; can be obtained
from the mean value of the cluster having the largest sample
size. We then impost another constraint on the segmentation
of the swimmers: B, -I. > Ts, where I: is the brightness of

30 the pixel in the current frame and Tz is the conveniently
chosen threshold. The binary map in which foreground regions

contains the swimmers is represented by:



Swi mrers generally cause a significant decrease in intensity of the
background scene, while reflections and/or ripples 25 nmake the scene

bri ght er . wa=0t®71380l 101 mainly contains water, the oversiGodroogles ness of
the scene BS can be obtained fromthe nean value of the cluster having the
| argest sanple size. W then inpost another constraint on the segnentation
of the swmers: Bs -1t > TB, where I{3is the brightness of 30 the pixel in
the current frane and TB is the conveniently chosen threshold. The binary
map in which foreground regions contains the swnmers is represented by:
WO 2002/ 097758 PCT/@gQQQﬁ/Q@@;Q5(31@ bﬂﬂgmg Bl IDR £X7). >T ]A (BS - It
>TB] } . where ™ denotes the logical 'AND operator. Thus, the binary 5
map for the frane at tinet is defined by the | ocations where t he

difference from ack u | gr ha old I’
and the HEF fit ne %n?evglgﬁg FgagggﬁthéﬁDthgs%géFg%l Ehasgtﬁggsbg?g?ge pool
by the tﬁégsb@kdtﬂB £38m8. abtpdaming ﬁhedbﬁmhgdohydtgbomabasuansst|cal nmodel
Si nce our background nodel gives the g des n of gﬁbaokground

scene, tHBetpdake 6¥ffﬁéeﬁ68efrﬁﬁlﬁpﬁ %%? FEOUR rm H@ ch&n§ §§a Tover al
Iighting ondition 5pf n h stign yssi an
clusters 58? ?h%lv%%cgéroun énge gfgﬁg %k?gé@ges% gﬁgé%o grgva ues of
pi xel s  thah are ds%rghassrigadnas,ssmfnﬁnéSpozﬂnebpachgroumdspoxel §s. are
assigned to the respective nearest clusters according to the normalized
Mahal anobi s di stance. 20 25 The paraneters i,t and li,t of ith cluster

MhiQﬂ)naEﬁﬁ%%d%@%ngs%%eokaﬁk@%@u%%ﬂﬁh%%aﬁxéka%ﬁ%tﬁﬁ%@t%@d%ﬁ.f0||0“53

Since our background model gives the global description of
the background scene, the update of the model mainly caters
for the changes in overall lighting condition. For each

15 frame bonsidered, the existing Gaussian clusters for the
background model are updated with the color values of pixels
that are not classified as swimmers. The background pixels
are assigned to the respective nearest clusters according to

the normalized Mahalanobis distance.

20
The parameters p;, ¢ and 2j,¢ of i*™ cluster which matches the
set of N new samples {Xx} are updated as follows:
Mi,e = (1 = Plpi,e-1 t pXi,t
25 Ti,t = (1 = p) Bj,e-1 + pCi,x
where
- 1 N
X' + = Xk‘r
TN A

=

= —E(x X1 )X, = Kie)T s

ksl

30 and p is the learning factor for adapting current



Pi,t =(1-"P) Pi,t-i +PXi,t E,t=(1-P) E, t-1+ PC, t where N
Xi,t = NIXk, kml G, t N(( T N(Xk - Xi't )(Xk - Xi,t ), k-1 30 and p
is the | exoreooxof et or for adapting current WO 2002/ 097 PE3/SG2002/000105

PCT/ SG2002/ 000105 14 distribution of ith cluster. In our inplenentation,
the learning factor is a constant to provide faster Gaussian tracking at
sone expense of accuracy. 5 At the engsqof this segnentation nodul e, the

system repieseplisyeach of ttecdateeted rswWolBeimpltheats®lief, tafdributes,
including an identity |abel, size, colour, <centroid position and major

or|entat|oleﬁrmh@gS@gﬁ@hreﬁB %wﬁ@@%#amépi@s@h@%ddgyf@ﬁéeﬁaﬁéﬂsﬁhénn1nor
axes of a best 10 fit 0 0 the swmer. Figure 6 shows
det ect ed smﬁ%n%$%n?r?Ei%%Wnn1H§ Q%%l c@uf%@fh superi nposed best-fit
ellipses 600 to 603. This entire detectlon and tracking process is

summari zed as 15 follows: 1. Convert the original RGB color space into the
HSV EbolaF $psc&ndopt o thpst SRATRE Catd OFr BRIBH & nitdfe §¥ 6 oni t or 106

(wat er ?%Esgﬁ%bngaéﬁsg?nkﬁét@@te%te@O@Rﬁhﬁe% gliehak statisxtical nodel to
represent ackgroun he swi mm ng pool 101. During system setup,
attributes, including an identity label, size, colour,
centroid position and major orientation of the segmented
swimmer represented by the major and minor axes of a best-
10 fit ellipse 600 to 603 around the swimmer. Figure 6 shows
detected swimmers in a swimming pool 101 with the

superimposed best-fit ellipses 600 to 603.

This entire detection and tracking process is summarized as

15 follows:

1. Convert the original RGB color space into the HSV

color space.

20 2. Determine the area of interest to monitor 106 (water

area) during system setup.

3. Compute a global statistical model to represent the

background of the swimming pool 101. During system setup,
25 an estimated background scene 400 to 402 for the swimming

pool 101 is computed by observing the empty pool without

any swimmer for some time, and pre-stored.

4. Detect swimmers by locating regions with large

30 deviation from the background global statistical model.

5. Apply a series of morphological erosion and dilation

operations [2] to remove isolated noise pixels obtained



25 an estimated background scene 400 to 402 for the swnmmng pool 101 is
conput ed by observing the enpty pool w thout any swi nmer for sone tine,
and pre- sworee/094758Det ect swi mmers by | ocating regi ons WCTlsGam@eo1dsd
deviation fromthe background gl obal statistical nodel. 5. Apply a series
of norphol ogi cal erosion and dilation operations [2] to renove isolated
noi se pi xel s obtai ned WO 2002/ 097758 {% above. PCT/ S&002/ 000105 6. Connect
the changed_ pjiygls into a contiguous foreground region, called blobs,
usi ng the connected 5 conmponent analysis algorithm[2]. 7. Update the
background gl obal statistical nodel. 8. Enclose each newy detected bl ob

with a best-fit_ 10 ellipse 600 tﬁn§03é 9.iL§beI andtcougasthe bl obs i nsi de
the ronitorBd areBNCAFtEie t HRPRGF et 247 et HEY e t 8@ HHECS W rmers will be

15 tracked Bsi-ngraunul tbqgsyh mes1teacklsgs poduteg Thescondebeeduses a
Kal man filter based nultiple hyggtheses tracking algorithmthat

i ncordpor at esowppoent parilyohs an efFehmsi?he mat chi ng features. The system
initiates a Kal man nodel for each detected swinmer. At each frane, an
avai | abl e pool of 20 Kal man nodels are used to identify the detected
swimers with pespesttio bhhekgreviduglgbalet eteetdssicahensdeh.the previous
frame (this process is called correspondence). Wien unanbi guous
correspondence between a nodel and a swinmmer can be established, the nodel

wi |l be updgt edpysi Bge tBEcH L8531y 23et 8t0EaBbLOP Pithhat bewtrmeE. Mdels
t hat cannot be used to explain any detected swmer within a certain
perildd willebgipse 600 to 603; .

9. Label and count the blobs inside the monitored area.

After the swimmers are detected, the swimmers will be

15 tracked using a multi-swimmer tracking module. This module
uses a Kalman filter based multiple hypotheses tracking
algorithm that incorporates color, position and size as the
matching features. The system initiates a Kalman model for
each detected swimmer. At each frame, an available pool of

20 Kalman models are used to identify the detected swimmers
with respect to the previously detected swimmers in the
previous frame (this process is called correspondence). When
unambiguous correspondence between a model and a swimmer can
be established, the model will be updated using the latest

25 information of that swimmer. Models that cannot be used to
explain any detected swimmer within a certain period will be
removed. In that case, the system assumes swimmers

corresponding to those models have left the monitored area.
30 The multi-swimmer tracking process is as follows:

1. A region corresponding to the pool area will be

designated in each view of the videc camera 100 so that



removed. In that case, the system assunes swinmrers corresponding to those
nodel s have | eft the nonitored area. 30 The nmulti-sw mer tracking process
is as folwowso2/@7758 regi on correspondi ng to the pool ar@aT®siG2002980105
designated in each view of the video canmera 100 so that WD 2002/ 097758

PCT/ SG2002/ 000105 16 the conmputer 102 can easily know the area of interest
(AQ) (ronitoring region 106) to nonifpr. This will be done only once

during system set up; 2 h r k I i -t W nrer s
entering M6 CRACHEEE (h3t Cb G5 F oo baHoB) 3-°Frof the Erepe det ect ed
usi ng the abmye) mehbodiorahdridyties D061 heosmbmireos. sikhsagiihebposi tion
and 10 velocity wi]ll be extracted to forma tracking attribute vector, a.
For exanpl edoné PREYt PAERI Hyr RY rFHEERE B8EUP/are position, p, and .
velocity, v, then the vector a for swimer i will be in the form ai= (pi,
vi) 15 4. Conpute the matching score matrix, M Each entry siJ in Nis the
i nvese weight ethsumnratkihe @ ieeahll digtaher, £OF ] shenmeen ehkerithgbl ob' s

tracking attribute vector, al, in the curr frame and the jth swinmer's
2G tracki ng-&t® r?%%t%gﬁegr?%l,atdaﬁn? n-previ oﬁ@gharre and the Euclidean

di stance Di; of ai in the current frame and the predicted tracking
attribute vector, a" of the jth swimrer. Therefore, the matrix, M

measur es the- | i KePhhigeRl PP dldpseFhed hestidrehe #pare BeFredponding to
SW nmer's 25 Brevi ouse fame., ASSLA ng.that s theL e gt £ M swhpgers in the
current frame and n swnmmers in the previous frane, then
10 velocity will be extracted to form a tracking attribute
vector, a. For example, 1f the tracking attributes used
are position, p, and velocity, v, then the vector a for
swimmer i will be in the form:
a;= (pi, Vi)
15
4. Compute the matching score matrix, M. Each entry Sij
in M is the inverse weighted sum of the Euclidean
distance, D;; between the i*® plob's tracking attribute

vector, ai, in the current frame and the j”’swimmer's

20 tracking attribute vector, aj, in previous frame and the
Euclidean distance Di; of a; in the current frame and the

predicted tracking attribute vector, aj, of the 3%
swimmer. Therefore, the matrix, M, measures the likelihood
of blobs in the current frame corresponding to swimmers in
25 . previous frame. Assuming that there are m swimmers in the
current frame and n swimmers in the previous frame, then

the matrix M will have the form:



the matrix Mwill have the form WO 2002/097758 17 FS11 S12 M = sin where
S21 SmL | 1 si7 =D1 +Dj 5D j =11lai - aj, and DIj = () al - aj (I
with 11 xWpdeorss Euclidean normof x i= 1 ... mand JPETHEG2002/00105
PCT/ SG2002/ 000105 5. Establish the one-to-one correspondence of sw mers
10 between the current and previous frames by obtaining the scal ar product
of two matrices ML and 142, both of which are derived fromthe matching

score matrix, M 1 have entries egual to 1 corresponding to the highest
bl ob-t 0- swi nmrer chfng scor'és dmd| other entries equal to O for the 15
current frame whille simlarly, M2 hape entries equal to 1 corresponding to

t he hi ghest smﬁnnwrgto-blob mat chi ng| scores and other entries equal to O
for the previous [frane. The scal at product of ML and M2 creates a matrix
whose nonzer denties indicate the.upanbi guous 20 correspondences between
SW nmers; MBi : oo

-Sln PR s e e S’nn-
where
S S
= Dij+51j’
-5 Dy =lai - aj|, and Diy=llas - a;]|, with

|x] denotes Euclidean norm of x ,

i=1.mandj=1. n.
5. Establish the one-to-one correspondence of swimmers
10 between the current and previous frames by obtaining the

scalar product of two matrices M; and M,, both of which are
derived from the matching score matrix, M. M; have entries
equal to 1 corresponding to the highest blob-to-swimmer
matching scores and other entries equal to 0 for the

15 current frame while similarly, M; have entries equal to 1
corresponding to the highest swimmer-to-blob matching
scores and other entries equal to O for the previous
frame. The scalar product of M; and M; creates a matrix Mz,
whose nonzero entries indicate the unambiguous

20 correspondences between swimmers;

6. Analyze the locations of any unmatched blobs. If it is
sufficiently close to one of the existing swimmers and
appear away from the boundary of the AOI then the

25 unmatched blob will be merged into the nearest swimmer.
Otherwise, the unmatched blob will be added to the list of

newly appearing swimmers if the system manages to track



6. Analyze the locations of any unmatched blobs. If it is sufficiently
close to one of the existing swmers and appear away fromthe boundary of
the AO tweroe®728 unmat ched bl ob will be nerged into Pha/Scearest10sSw mrer .
O herw se, the unmatched blob will be added to the list of newy appearing
swmers if the system manages to track WO 2002/ 097758 PCT/ SG002/ 000105 18
them over a few franes. |f the new bligb di sappears after a few franes,

then the newd| ol Id e, congidler exk ahaaise biasisl adddpheads oppeety & 7.
Feed the blob" s information into a Kalman filter [3], to obtain the

|

],
swi mrer' s preedifateet sat titiegutide MAY tHehaktl!l fRamenGiterthed S thers are
SUCCGSSfU|G%gtkﬁﬁhf%%tdyééﬁgﬁiﬁ}ﬁﬁegg swi mrer tracking nodule wll extract

the attrib he tta For each swimer, nultiple
attributes are extracted, such as the spatial |ocation of the centroid of

the swi mmer, body orientation and size. Fromthe te ral n of
thesed at t ribut E€ebtie IR | bhtHs SURH HE HEHC 13 ‘?%f%a%ffjg??%ﬁt gﬁ on

change, movi ng, di 16C4i10Ss, IRLdONs SyFa@idied r£ott Bpitys ofoAvthonpesudden
change in swmmng pattern and water ripple patterns can be obtained. By

| ear ni ng t herdrenpor al nodel of these attributes, the system wll conpute
an overall score for each swmer to determ ne 20 whether the sw mrer is
normal or at risk of drowning (including cases of distress and early

dr owni ngphncEhenanalysins rpr acessuetesbéul @yparalc keodelt hies hdséd lem t he

optimal filtering of past nmeasurenents. The state flow 25 di agram 700 of
t he et e@WilGﬁeéftﬁé?éﬁﬁgamoﬂl%ﬁnfﬂg‘égi EXGFaen eB6° aer Pt Y 3% e

tracked swimmers. For each swimmer, multiple attributes are
extracted, such as the spatial location of the centroid of
the swimmer, body orientation and size. From the temporal
sequence of these attributes, other attributes such 'as the
15 rate of orientation change, moving directions, motion
symmetry, regularity of motion, sudden change in swimming
pattern and water ripple patterns can be obtained. By
learning the temporal model of these attributes, the system
will compute an overall score for each swimmer to determine
20 whether the swimmer is normal or at fisk of drowning

(including cases of distress and early drowning).

The analysis process of the temporal model is based on the
optimal filtering of past measurements. The state flow

25 diagram 700 of the detection of potential drowning is given
in Figure 7. The system will consider the swimmer to be in an
abnormal condition if the system fails to give good
prediction of the swimmer's attributes. This is illustrated
using the rate of orientation change of the swimmer's body as

30 an example. A sample plot 800 is shown in Figure 8. As can be
seen, starting from around Frame 350, the body orientation of
the swimmer changes much faster and is irregular. The fast

and irregular change in body orientation serves as an



in Figure 7. The systemw || consider the swmer to be in an abnornal
condition if the systemfails to give good prediction of the swmer's
attri but ew0 2000/®7158 il lustrated wusing the rate of ori erCatsiGaom2ohange of
the swimer's body as 30 an exanple. A sanple plot 800 is shown in Figure
8. As can be seen, starting fromaround Frame 350, the body orientation of
the swi mmer changes nuch faster and i8%9irregular. The fast and irregul ar

change i A be@yt9hheabathenpseaves oFs pardi\OtaBa2/ieY7 58 tRET/s$G2R020000105 19
indication to the breach of predictability of the swi,nm'g%1 patt%rn. Fi gure
9 shows Ph&teane BiuBErefit SPPYF chEngEte06T OFHICEtRItdCL 9604 9% i ned from

Fi gure 8.using theqhal Lawing , gauatdan: rToukdl sebit B kbl Folphingshere T
is the pFé&gt%Féﬁggheo?g?%%pggglwaTF1 mﬁn88ML Chcen?he rate of orﬁgﬂtation
change 9@Quiagibarger than a preset threshold, the systemw Il not be able

to accurately predict the body orientation in the new frame using prior 10
measur ement s. «{herefore, a breach of predictability of the sw ming
pattern is det t efiih this case, and becones one possi bl e good i ndi cat or
of an. abnepmaisiconditi on,y, The $0gCULhENGE. O Se¥RLaL BBNEERBbragndi tions
togep%erqﬁguld fe-1a gbgﬁh%%dicat?on ofﬁaesmﬁnnerﬁat risk g? drowni ng. 15
The extraction of relevant features and their interpretation 1is npst

cruci al 8% Wromatic detection of swimers at risk
Once the rate of orientation change 900 is larger than a

preset threshold, the system will not be able to accurately
‘ predict the body orientation in the new frame using prior
10 measurements. Therefore, a breach of predictability of the
swimming pattern is detected in this case, and becomes one
possible good indicator of an abnormal condition. The
occurrence of several abnormal conditions together would be
a good indication of a swimmer at risk of drowning.
15
The extraction of relevant features and their interpretation
is most crucial for automatic detection of swimmers at risk
of drowning. These features adre an important aspect of this
invention and besides the rate of change of orientation 900
20 described above, other features will now be described in

more detail:
a) forward motion of the swimmer;

25 This attribute considers a swimmer to be in an abnormal
condition if the swimmer is not moving forward but there
is detected movement of the arms. This attribute is
characterized by the spatial location of the centroid of
the swimmer not changing beyond a preset boundary, given

30 by:



of drowning. These features are an inportant aspect of this invention and
besi des the rate of change of orientation 900 20 descri bed above, other

f eat ur es woI20021WBe described in nore detail: a) forwRCu/SEa002000105 t he
swimer; 25 This attribute considers a swmer to be in an abnornal
condition if the swimer is not noving forward but there is detected
nmovenent of the arns. This attribute d@ characterized by the spati al

| ocation of the centroid of, the sw not i ng beyond a preset
boundary, given 30 by: WD bto2/ 6’9%%@@” PC%%%OOZ/ 000105 vs= spati al

| ocation of centroid at current franme vp = spatial |ocation of centroid at
previous frame 5 vi = {xi,,yi} , with the x, y coordinates in the inage
Dnin = threshold sfattimd drergel Ao @orgderodd HotCWwovehy T¥oFfard. The rate
of nmotion will also he consi e abnor hhioprahkses if the
notion sl ows Yb'éﬁﬁ%%lég:E%#g%%ﬁiﬁégture S?R%H%@g%fﬁﬂgé?émﬁgther upri ght
or just slightly= }.ea®ipg;, dbtAhtseaktriybuterddnstder $natdai AMBOSt o be in a

potentially abnormal condition if the posture of th body i i.ght. This
i s characteriPed DyteReshajdroixiae S?QPﬂE é?IFB§§l§66 £5 @8% %%&Hgg
vertical or clkgsg g vertical. 20 c) size of the swimrer's body above the
wat er ;

The rate of motion will also be considered. An abnormal

10 4 condition arises if the motion slows to almost a halt.
b) posture of the swimmer, whether upright or just slightly
leaning;

15 This attribute considers a swimmer to be in a

potentially abnormal condition if the posture of the
body is upright. This is characterized by the major axis

of the ellipse 600 to 603 being vertical or close to

vertical.

20

c) size of the swimmer's body above the water;

This attribute considers a swimmer to be in a
potentially abnormal condition if the size of the body,

25 inclusive of the head that is not submerged in the
water, is reducing or that increase in size is not
detected for a period of time. This feature can be
characterized by the change in the area of the best-fit
ellipse 600 to 603.

30

d) path of the swimmer's movement;

This attribute considers a swimmer to be in a



This attribute considers a swnmer to be in a potentially abnornal
condition if the size of the body, 25 inclusive of the head that is not
subrer gedwDreoed®7758at er, i s reduci ng or that increase i RCIISGR02H00105
detected for a period of tine. This feature can be characterized by the
change in the area of the best-fit ellipse 600 to 603. 30 d) path of the
swinmer's novenent; This attribute considers a swmrer to be in a WO -
2002/ 097758 gg{é@%%ﬁ%n@l POt @ntiah | yr afmorael s condi gnohicant her e
is a significant chandge in the path taken by the sw nmer a%,gre(gi cted
fromthe pastcHammesin ithe e tiodia ken i By arheipF GRS T po%i BT8Rt CERS path to

be checked coul d incl ude ,up-down 5 yov. pat hy gan beqebt ai ned from
the plot of tHe™ceht i oﬁlrearmﬁsl'nei.@lﬁe E%%?JP% %ﬁjr%e (r;%) t Ne pl ot gives
the path takes,byide, swanpitiant tihe devclaedorowldt heclpdehupsdgéen as a

change in the best fit curve or the resence of _a deflectio i 10 e
not | gn symetngvetetthe G mah cﬁf?sb%t? ?%h‘?%gc%%%rpdte?% %1%1\?\,1' (ﬁﬁe?ﬁ?o be i)n

a potentially @P&%Mve&oﬂfi}ﬁépf‘rﬂé bbe MPLi 0puBfe tHe dBe Spiavryidess not

show any symetry. ‘An exanple in which this attribute can be ogbtained is
by dividi ng thieeipage tdkemo bywotlad ovigliner napdrthsi deviathenePfi p88 600 to

603, then flip one of the inmges_ along t ' c e .t
correl ation [Q;t}be%%\e%‘ar?rik?est%\g&??g%hgnvgﬁg%gé%%?ﬁgt EEPYLCor !t Bfte

presence of a deflection point.

10
e) motion symmetry of the swimmer;
This attribute considers a swimmer to be in a
potentially abnormal condition if the motion of the
15 swimmer does not show any symmetry. An example in which
this attribute can be obtained is by dividing the image
into two along the major axis of the ellipse 600 to 603,
then flip one of the images along the axis and compute
the correlation [2] between the two. If the value of the
20 correlation is small, then there isn't much symmetry of
the motion of the swimmer.
f) periodicity or repeatability of the swimmer' s
movement pattern;
25
This attribute considers a swimmer to be in a
potentially abnormal condition if the motion of the
swimmer does not show any periodic or repeatable
pattern. An example where this attribute can be obtained
30 is by normalizing the image extracted from the best-fit

ellipse 600 to 603 and then computing the cross-
correlation [2] of these images over different frames.

If the value of the correlation is smaller than a



20 correlation is small, then there isn't nmuch symetry of the notion of
the swmer. f) periodicity or repeatability of the swmer' s novenent
pattern; b 2000/®7z8t ri bute considers a swinmmer to be i nPaT/SGao@DdIAl| y
abnormal condition if the notion of the sw nmer does not show any periodic
or repeatable pattern. An exanple where this attribute can be obtained 30
is by normalizing the image extractedofromthe best-fit ellipse 600 to 603

and t hen conputlctilgt%#}%tr%é) recﬁ{él% atiyuh [ ofpddese: 1 magesst oviee

di fferent frafes e val ue the correl ation i s smaller than a WO
2002/ 097758 RGIY 862002/ H0040% P22 predeterm ned threshol d, then no
repeatability of the notion is detected. g) ripple pattern in the
surrounding area of the 5 swimrer; This attribute considers a swimer to

be in a pofent Iﬁﬂéﬁea baer el condifal @m rrfoune g pplee w1 nowndi ng  t he
SW nmer is r)mre viol ent than normal. This attribute 10 is characterized by

t he over al Iswliminght;ness of the water surrounding the swnmer. If the
overall brightness increases beyond a certain threshold over the average
of the water, then abnormal ripple is considered present. 15 In all the
above indicatprss hberpsesensenoidseyes abwabmer ned beohdi &i ons t oget her

wll serve as an indication of a sw nme i sk of.drownin anpl e,
one of the com%'i’—@llé‘ﬁ%ﬁibhsabf?%rméh]atC‘i’]?djf*f'ljeo%oﬁ%/ %??eﬁ%?fo‘e Sugl?g??l gg and

there is no the swimmer is more violent than normal. This attribute
10 is characterized by the overall brightness of the water
surrounding the swimmer. If the overall brightness
increases beyond a certain threshold over the average of

the water, then abnormal ripple is considered present.

15 Tn all the above indicators, the presence of several abnormal
conditions together will serve as an indication of a swimmer
at risk of drowning. For example, one of the considerations
is that if the body orientation is vertical and there is no
forward motion and that the motion is not symmetrical, then

20 the swimmer is considered at risk of drowning. Once such
condition is detected, the person in charge will Dbe alerted
and the video signal 105 and audio signal 104 corresponding
to the area of the swimmer will be made available to the

person in charge. Figure 10 shows the overall process flow

25 1000 of the proposed system.

Summarizing, this invention describes an audio-visual based
method and system for early drowning detection system. In
this invention, a number of cameras 100, 200, 201 are

30 mounted on top of a swimming pool 101. These cameras 100,
200, 201 are used to monitor swimmers in the pool 101
together with the aid of an array of microphones 103.

Similarly, the microphone array 103 is mounted above the



forward notion and that the notion is not symretrical, then 20 the sw nmer
is considered at risk of drowning. Once such condition is detected, the
person i rwolaexy®71s8l | be alerted and the video signal POF/Senoh2a0aiod si gnal
104 corresponding to the area of the swinmrer will be nade available to the
person in charge. Figure 10 shows the overall process flow 25 1000 of the
proposed system Summarizing, this pavention describes an audik;)-vi sual
based t hod a 161 for 16y | idiowy nepalet BTl i Gesydt@mtid this

i nvent iwg%,eradcr?u e"feyr(s)f caneras 100, 200, 201 are 30 .mpunt.ed.on top of a

SWi MM Rebien skl.adthiesie arferds H00.INSp et B o~ honi t or

sw mers in the pool 1 0g er widhtheatd ofcayptsay d§ m crophones
103. Silrﬁel%rqa)ﬂ}elf%el(i}?’cr%%q{o?e&dr re%/ 103 1's nount ed rgqtzfve_éhe WO

2002/ 097758, RO SG2P024 D000, 28 cinederonat edverdeher &t Y$+S swi mi ng pool
101. Bgas%tz&%n the notion and activit ]gf (ghe swi, ooer , fef et 8doi hrough the
vi deo camEnaid9touiodin@gdhe tHesWn T ~9% WERATeTSh T “aut'omati cal | y

anal yzed._ Such_ aut omat v'lfieeé)er@é@w@@ﬁmhggéuﬂlestmm«ihhgorhé vi sual
backgr&uwd' %%TC%%rq?hgg%oéo 101, detecting the pr esegﬁg o]t_ SW nmers in
the nonjtosed oy east 106 imstimmtnwgeheo furberef S st Aiefs 'Rsi de t he

moni tored area 106, tracking the. sw rs. analyai Rgxt beihghavieor of
each trra@ﬂkieﬁogﬁ\ﬁinﬁﬁ?ai}lgger A5t Hody Ogvéﬁatgﬁt ation, m)v?ng di rection and
moti on jpatterns. (kn.;addi+iokedt beimher ophoherasra§ 208vis depl oyed to pick
up audio signals 104 originating fromdistress caltlcgrnghc%nt he system
detiect sot henpatsencemofing pdieattaPn drOwn' Ry BoPA™ Vi stal “and audi o al arns

will beagggkygﬁ?dtﬁg %Eéybﬁﬁgne array 103 is deployed to pick up
Once the

audio signals 104 originating from distress calls.

system detects the presence of a potential drowning, both

visual and audio alarms will be activated to draw the

15 attention of the person 1in charge for further confirmation

and if necessary to provide necessary follow-up rescue

actions.



15 attention of the person in charge for further confirmation and if
necessary to provide necessary foll owup rescue actions. W 2002/ 097758

Li st of rwbeoenverssi gns 24 PCT/ S&002/ 000105 100 vi deo ®@amsIGR00200d05SW mmi ng
pool 5 102 conputer 103 m crophone 104 audio signal 105 video signal 106
nmoni tored area of interest 10 200 video canera 201 video canera 300

hi st ogram 400 background scene 401 sepnentation 15 402 3D scatter plot

500 firstitingrsebireseneflssgeond tine series 600 best-fit ellipse 601
best-fit ellipse 20 602 best-fit ellipse 603 best-fit ellipse 700 state
fl ow di agram 800 sanple plot 900 plot showing the rate of orientation

change 2?06099dggeéghgrgrocess fl ow WO 2002/ 097758

101 swimming pool
5 102 computer
103 microphone
104 audio signal
105 video signal
106 monitored area of interest
10 200 video camera
201 video camera
300 histogram
400 background scene
401 segmentation
15 402 3D scatter plot
500 first time series
501 second time series
600 best-~-fit ellipse
601 best-fit ellipse
20 602 best-fit ellipse
603 best-fit ellipse
700 state flow diagram
800 sample plot
900 plot showing the rate of orientation change

25 1000 overall process flow
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assigning to each geonetrical figure a figure position of the geonetrica
figure, wherein the figure position 20 corresponds to a position of the
det ect ed waizo#971588ge  portion in the inmage, for at | e&ct/Sene2madnsof two
subsequent inages, i.e. of a presently processed present imge and a
previously processed previous imge, conparing values of at |east one 25
out of the figure position and the at2d4 east one geonetrical attribute of
the presenk;ijgage to that of the previous inmage, so as to detect a change
in the figure position/ geonetrical attribute of the present inmage as
conpared to the previous inmage, 30 based on the detected change in the

figure positign/ e ri : L hute.of th q t; )1 wgges, assigni ng
to the EOrre p%ﬁaﬁﬁéng%fnﬁgblg%%%gg % aggﬁﬁﬁﬁgsggﬁgiggg%) i ndi cating that
there isiaghbskeoh dhewnbiigdebwhhegswifnseinoerW) 2082631758

PCT/ S&2002/ 000105 27 a safe condition indicating that there is no risk of
dr own? ng COFPERELBHE: mmer, and out putting an output signal if a drowning

condition is agshgnedptathesubimshnssqlenthentgehod ragcandiing il ai m
1, wherein the at east  one geonetrical attribute conprises at |east one
attribut eegooh dfif6a tholdiwenPeshal sPa%adN ke agaGRstT iSeHIT Sy 10

Che. camora:Ee06Pmea BRane fof "tne GBBREer FEsl 1 eine Rl oanosdl g 10 an.
appr oxi mabeeeantapn)obuthe deorhes pandicng tswi miwnas ibgdy £
10 predetermined subsequent moments in time,
in each image, detecting the presence of swimmer image
portions each of which shows a swimmer present in the image,
processing each detected swimmer image portion, so as to
assign to the respective swimmer image portion a
15 characteristic two-dimensional geometrical figure, wherein
the geometrical figure characterizes at least one geometrical
attribute,
assigning to each geometrical figure a figure position
of the geometrical figure, wherein the figure position
20 corresponds to a position of the detected swimmer image
portion in the image,
for at least one pair of two subsequent images, i.e. of
a presently processed present image and a previously
processed previous image, comparing values of at least one
25 out of the figure position and the at least one geometrical
attribute of the present image tO that of the previous image,
so as to detect a change in the figure position/ geometrical
attribute of the present image as compared to the previous
image,
30 pased on the detected change in the figure position/
geometrical attribute of the subsequent images, assigning to
the corresponding swimmer either a drowning condition

indicating that there is a risk of drowning of the swimmer or



visible to the canera (100), 15 an orientation of an axis of the
geonetrical figure, corresponding to an orientation of an axis of the
corresporaioregoxoarTsser ' s body visible to the canmera (100pcTaGengbtiosf an
axis of the geonetrical figure, corresponding to a length or wdth of the
corresponding 20 swinmmer's body visible to the canera (100), and a
symmetry condition of the geonetricalzfigure. 3. The nethod according to

claim 1, swhgrei Aohher ehar agtiechsthg tMatdirersi esalcgear®t iCalowdd rfg gure
is a best-fit ellipse (600 to 603) by which a contour of the respective

swi nmmer  piagke povinoari saagproxi mated, a major axis, a nlnor axis and a

centroid (cent?egugéﬁthe be katPgéﬁégsgf(gogg8gﬂgg%)cgh Hs&gd to

best apprOX|ﬁ% contour SWi nier accordlng

to clai mdsimhesetn the slih@ast one geonetrical attribute conprlses at
| east one attribute out of: WD 2002/ 097758 PCT/ SG002/ 000105 28 an area
of the best-fit ellipse (600 to 603), an, orientation of the major axis of

the bestyfit gllips &GQQcBPdﬁﬁé)toaBlQ£heTta&h@?e@ﬁ the gk“@éaéﬁls of the
best-fit elllpse 5 600 603), a length of the major axis of the

best - f|toeélg@smetﬁDOalt@tGGBppta Fengthseb ahelﬁﬁﬁéroaxl@t@ﬁlbhéebest fit
ellipse 8600 to 603, 10 a symmetry of the swmer's body visible to the
caner a

a two-dimensional area of the geometrical figure

10 corresponding to an area of the corresponding swimmer’s body
visible to the camera (100),

a shape of the geometrical figure corresponding to an
approximate contour of the corresponding swimmer’s body
visible to the camera (100),

15 an orientation of an axis of the geometrical figure,
corresponding to an orientation of an axis of the
corresponding swimmer’s body visible to the camera (100),

a length of an axis of the geometrical figure
corresponding to a length or width of the corresponding

20 swimmer’s body visible to the camera (100), and

a symmetry condition of the geometrical figure.

3. The method according to claim 1,
wherein the characteristic two-dimensional geometrical
25 figure is a best-fit ellipse (600 to 603) by which a contour
of éhe respective swimmer image portion is approximated, a
major axis, a minor axis and a centroid (center) of the best-
fit ellipse (600 to 603) are adjusted to best approximate
said contour of the swimmer.
30
4. The method according to claim 3, wherein the at least
one geometrical attribute comprises at least one attribute

out of:



(100) wth respect to the major axis of the best-fit ellipse (600 to 603),
and a symmetry of the swmer's body visible to the canera (100) with
respect twotoe/owTssr axis of the best-fit ellipse 15 (®00/SG20@08)1055. The
met hod according to claim1, further conprising: for each imge, formng a
bi nary map of the image, wherein each detected sw mer inmage portion is
represented by 20 a highlighted blolegn the binary map and wherein the

surface imagg, PoFLd OfrisnsepLssent edsbyigaek b6gi @BSsbn)the binary map.
6. The nethod according to claim1l, 25 wherein the inages are video franes
t aken over a apredetwtaihed ¢Enghh BRI T nexby ebahbeobeatvifdéocthmBra
(100). 7. gge ne%@gg according to claim1l, wherein 30 a noving velocity of
t he figu(g 057 t torresponding to a noving velocity of correspondi ng
swimer is deigerained-afiom bhettet eched shasgeri bhehpekigtite pbsipsen and
WO 2002/ 097758 PCT/ SG2002/ 000105 29 a possible drowning condition is

assi gned (PBOtHe @WPhmer if noving velocity of the figure position is |ower

than ‘a predet ejuingd SpVing ¥ehoei iys & hoeshol doo 3 Bes They mebbod (gggor di ng
to claim 2, erein a possible drowming condition is assigned to the

SW nmer tbf6®hkforientatipn of the axis of the swimer's body is vertical
[0 2 Dredet oL eeri A WAEE oyl of A prgdet ebitned, Lotal pugber of
hi gher thgng@s),
10 a symmetry of the swimmer’s body visible to the camera
(100) with respect to the major axis of the best-fit ellipse
(600 to 603), and
a symmetry of the swimmer’'s body visible to the camera
(100) with respect to the minor axis of the best-fit ellipse
15 (600 to 603).

5. The method according to claim 1, further comprising:
for each image, forming a binary map of the image,
wherein each detected swimmer image portion is represented by
20 a highlighted blob in the binary map and wherein the surface
image portion is represented by dark regions in the binary

map.

6. The method according to claim 1,
25 wherein the images are video frames taken over a
predetermined length of time by means of a video camera

(100) .

7. The method according to claim 1, wherein
30 a moving velocity of the figure position corresponding
fo a moving velocity of corresponding swimmer is determined

from the detected change in the figure position and



predeterm ned threshold for the rate of orientation change (900). 9. The
nmet hod according to claim?2, wherein 15 a possible drowning condition is
assi gned wo 206093¥8mMer if the detected area of the ge@egFtSGerloobliogure i s
| ower than a predetermi ned area threshold for a predeterm ned certain
nunber out of a predetermi ned total nunber of subsequent inmages. 20 10.
The method according to claim1l, wherein a novenent path of the figure

posi tion corre WG, 10 o ITRY QUM PRt 0f 4De: 6oL §espopHE NGy Sk ETEr i S
det erm ned r m%ﬁéﬁgaetcgrcot edﬁgar\gange Ji n the fi gur:égposi tion of a 25

pl ur al i tyf afosies eqgilenti i ymage st lan df 2o pos b £t deowas ngowendihfBnai s
assigned to_the sw r 1f the novenent th of the figure position shows
at Ieastpr%%nﬁ%‘ﬁ%%%%%%t%hr%%%ﬁ'feature obt ai ned by

predi cting the novenent path. 30 11. The nethod according-to claim1,

wherein a novenent periodici tci/' of the geonetrical figure corresponding to
a moveneht pdhicodiedinod GfceBrdEshdritli Het WD 20098999758 PCT/ SG2002/ 000105 30

swimer is determned fr e a0k e,dn: fLQUEBe POShhEEN
and/ or at Ie§stpo(§;nsel%gle°orre rqﬁé%&a%ﬁ%%%bg?gaaé%%gg?i ty ofesubsequent
i mges angl/«fe rapeattat e padt erie ofxigd hef svhemewismbotly wodivbie to the
canera (100) and 5 a drowni ng c‘o,ndi%i on is,assigned to th(f gvm' mrer if the

movenmentV PGl G5 HPTHE T GHEDITH T D shYRRSht OV Eal

predetermined total number of subsequent images or that the
10 rate of change of the orientation (900) is higher than a
predetermined threshold for the rate of orientation change

(800) .

9. The method according to claim 2, wherein
15 a possible drowning condition is assigned to the swimmer
if the detected area of the geometrical figure is lower than
a predetermined area threshold for a predetermined certain
number out of a predetermined total number of subsequent
images.
20
10. The method according to claim 1, wherein
a movement path of the figure position corresponding to
a movement path of the corresponding swimmer 1is determined
from the detected change in the figure position of a A
25 plurality of subsequent images and
a possible drowning condition is assigned to the swimmer
if the movement path of the figure position shows at least
one deviation from an expected normal feature obtained by
predicting the movement path.
30
11. The method according to claim 1, wherein
a movement periodicity of the geometrical figure

corresponding to a movement periodicity of corresponding



one predeterm ned abnormal feature. 12. The met hod according to claim1,
further conprising: 10 assigning to each geonetrical figure a surrounding
area of wbeoegronresrical figure corresponding to an ar e2CafSGaa200105
surroundi ng the corresponding swi mmer, and assigning to the sw nmer a
drowning condition if the surrounding area shows at |east one
predeterm ned abnormal 15 feature. 3g. The nethod according to claiml1,
further ¢ i.si:ng 4 j ' o £ FS8s to
e N e R e v T
cl ai m 1,pdsirtiber acenfrm sitngd. escountriengecres tuinbelr  2oft missighedt geonet ri cal

figures. 15. The nethod according to claiml1, 25 erein a present.assi gned
geormet r iRA* AT @fpfsuéjseﬂ‘jﬁ‘ég‘nth?w&e_ai”épaos%irgﬁ?e%aob%lae predeter hed
SWi e ¢ And,  Whereid R SURseauAN RS Yngnedhgeenetrimaladdgure of a
subsequent inmage is assigned to the identical predetermined swmer if the

figube positirodrointing subskfiom igssisgiemesh tgedhiat ravelamay gifr £4%

sufficiently close t.o t.he,.cor QNndi, [ & osi b + the, or esent
assigne&“ﬁ?ﬁﬁgFrpgﬁlo|ﬁﬁﬁ%¥ fg. iﬂgﬁ fﬁ%& aé%ﬁ?ﬁ?ﬁ%“ﬁ%sc ai'm 15, WO
2002/ 0958 pheTe862a0 /R0 3k 1 eerteire .t he predeterni ned swinmer is

deened to have left the nonitoring region if, for a predeterm ned nunber of
subsequent i nages, no subsequent assigned geonetrical figure having a

figure positign whirghd $SUiidicientd vigkasa t Gdhgecardmgspandiqgiy figure
position of the respective present ‘
10 assigning to each geometrical figure a surrounding area
of the geometrical figure corresponding to an area of water
surrounding the corresponding swimmer, and
assigning to the swimmer a drowning condition if the
surrounding area shows at least one predetermined abnormal

15 feature.

13. The method according to claim 1,
further comprising labeling each assigned geometrical

figure, so as to distinguish different underlying swimmers.

20
14, The method according to claim 1, further comprising
counting the number of assigned geometrical figures.
15. The method according to claim 1,

25 wherein a present assigned geometrical figure of a

present image 1s assigned to a predetermined swimmer, and
wherein a subsequent assigned geometrical figure of a
subsequent image is assigned to the identical predetermined
swimmer if the figure position of the subsequent assigned

30 geometrical figure is sufficiently close to the corresponding

figure position of the present assigned geometrical figure.

16. The method according to claim 15,



assigned geonetrical figure can be found. 17. The nethod according to claim
1, further conprising providing a gauge gl obal statistical nodel of the

sw nmi ng WO 20e097(5801) , t he gauge gl obal statistical noaer/sScaoroaiong at

| east a water surface nodel characteristic of the water, and wherein
detecting the presence of swi nmer inmage portions conprises: by processing
of the inmage, generating a current gjobal 15 statistical nodel, the

current global SLALISLLCRloMDdel SOAPLY hi0r AL 5! BaShed WB! BbySUNbage model

characteri zi u image portion conprising the water surface and,
if at {gasto@DeoshgMBEgisnpLesendria phedemrgeinatl heaberond sw nmer
model characterizing at | east one sw nmrer inaﬁedzo por&ion go%prﬁ§%pg at
| east oo SR wHRE , 1NASAET f PP n§UPRRIAEF 028 F L ERE S HEHTE" T el ﬁﬁla

conpari gon. 8%%2?15@%&:@55%99@ wsiahi sti sakraedehttg tthesegauvgehgl obal

statisticar to detect the presence of at |east one sw mmer
i mage pestiesporsiig. fThersephotitbeeordi Aget 5eePaCHLYE, PHREEEICN t he gauge

gl obal statistical nodel i ener at f evi ously processed i mge.
30 109. qﬁ%l%%?ﬂoﬂe%%%gFﬁFﬁz ?6g%f%i§$&7§8aE§P§?ﬁ the gauge gl obal
statistical nodel is generated froman inmage taken of the sw nm ng pool

(101) not containing any sw mers. WO 2002/ 097758 PCT/ S&002/,000105 32 20.
The net hdd aBeordehaOd ol 6Fardiay, te uFtRer LonpPFSPRG: COPRALSAE% he gauge

global statistical godel BY.bhe sE4ffentcghoRalbest ali sticCalimrdely 1gnoring
t he mmﬁ%errmﬁé

10 pool (101), the gauge global statistical model comprising at
least a water surface model characteristic of the water, and
wherein detecting the presence of swimmer image portions
comprises:

by processing of the image, generating a current global

15 statistical model, the current global statistical model
comprising at least a water surface model characterizing a
surface image portion comprising the water surface and, if at
least one swimmer is present in the image, at least one
swimmer model characterizing at least one swimmer image

20 portion comprising at least one swimmer,

identifying the at least one swimmer model by a

comparison of the current global statistical model to the
gauge global statistical model, so as to detect the presence
of at least one swimmer image portion.

25
18. The method according to claim 17, wherein the gauge
global statistical model is generated from a previously

processed image.

30 19. The method according to claim 17, wherein the gauge
global statistical model is generated from an image taken of

the swimming pool (101) not containing any swimmers.



if any is present. 5 21. The nethod according to claim17, wherein any
surface image portion has mainly or in average a surface color and the at

| east onewewwex®r7ssmage portion has mainly or in aver a@eTSGU2rm0€l05 col or,
and 10 wherein the generating of the global statistical nodel conprises:
for a predetermned plurality of nonents out of the subsequent nonents in
time, converting respectively at |eagt one image into a color-distribution

2 O O MR LRIl L8O BPAEC RARNGT M ALY SR Rr TG Ol of S and

. O cCCOY .
an bri &h any “sur face inmage portion is conv rtg%' into a

surface cl ustigratepgesert igaggehglsaflace aaalsaricaandoddiergi rtrany swi nmer
i mage portion is converted into a swipnmer , cluster re resentingg%gﬁbsmﬁnner
ﬁﬁ&g a

col or, 2OrtRatcgivdetli ig B HEA NEGE Dei P PBrer B e

hi st ogr 0). .0 he jirage in each of the three primary colors, wherein
each higggéggh§€3%6% eE:lndicates the frequency distribution of the imge of

the 5swi nm ng pool (101) in the respective primary color, and 25 the
bri ght ness at  each i n_sai al or. space, bei ng equal to a distance

oi nt d
conputealfroWPFh@eFﬁP acFPé&&@ﬁc%@sCgélghcuﬁrence inthe three prinary

colors at thechespeahiveRpeatk. 138922 pokhd aretthed racedndiaig itro cl ai m 21,
wherein the distance neasure is conputed using the Euclidian distance. WO
2002/ 097758 2RETASEZOTABOCTEH 33N the at ledst one swimmer image

portion has mainly or in average a swimmer color, and
10 wherein the generating of the global statistical model
comprises:
for a predetermined plurality of moments out of the
subseqguent moments in time, converting respectively at least
one image into a color-distribution in a four-dimensional
15 color space spanned up by three primary colors and an
brightness, wherein any surface image portion is converted
into a surface cluster representing the surface color, and
wherein any swimmer image portion is converted into a swimmer
cluster representing the swimmer color,
20 the converting of the image being performed by
generating a histogram (300) of the image in each of the
three primary colors, wherein each histogram (300)
indicates the frequency distribution of the image of the
swimming pool (101) in the respective primary color, and
25 the brightness at each point in said color space
being equal to a distance computed from the three
frequencies of occurrence in the three primary colors at

the respective point.

30 22. The method according to claim 21,
wherein the distance measure 1s computed using the

Fuclidian distance.



23. The nethod according to claim 21, wherein the color space is the RGB
col or space. 24. The nethod according to claim?21, wherein the color 5
space i s wbeot#B¥7ts8l or space. 25. The net hod accordi ng treTEGRITEdA105 Wher ei n
the at |east one swinmer inmage portion is detected in that the sw mer
color deviates fromthe surface color. 10 26. The nethod according to claim
21, further conprising: assigning tfeach geonetrical figure a surrounding
area of )Lhe geonplrhcal JLiLgugengorsesponding, to an area of water

surroundi hg e corresponding sw nmer, and 15 assigning to the swimer a

dr owni ng conghéiebni ththeolsur spandi hg aheaRSRows larcepacewhi ch is
sufficiently different fromthe swi mrer color and which is sufficiently
different fromthe surface color. 20 27. The nethod according to claim 21,
further,gonmpki si fginoal hEEodet 8§t £BIct Bempresenaarefinsvhamenlomage portions
in a present 1 mage and before detecting the presence of sw nmer inage

por tS onspaneaisubbeqtiéit codagesrapdati ng the water surface nodel of the
gauge gl obal statistical nodel by 25 the water surface nodel of the current
gl obal statistical nodel of the present image. 28. The nethod according to
cl ai m 245 whergi net heddetestiinggof ot beasmi Airer wintedin shperdtorhedst 30 by
conputing a difference nmeasure between thg %unrené glﬁgal ‘statkstica

model apdet REigEEge 1BRIBaPOSEAPT st PcPTROGER, 1P WhEAE APERE VW iFrer nodel s

i denti T LedoLT qLbe GLGT eenCce, MeaskEe.l scharger than a predet erm ned
differegggo%hgégﬁgld. WO 20627057758 34

10
26. The method according to claim 21, further comprising:
assigning to each geometrical figure a surrounding area
of the geometrical figure corresponding to an area of water
surrounding the corresponding swimmer, and
15 assigning to the swimmer a drowning condition if the

surrounding area shows a color which is sufficiently
different from the swimmer color and which is sufficiently

different from the surface color.

20 27. The method according to claim 21, further comprising:
after detecting the presence of swimmer image portions
in a present image and before detecting the presence of
swimmer image portions in a subsequent image, updating the
water surface model of the gauge global statistical model by

25 the water surface model of the current global statistical

model of the present image.

28. The method according to claim 21,
wherein the detecting of the swimmer model is performed
30 by computing a difference measure between the current global
statistical model and the gauge global statistical mocel,
wherein the swimmer model is identified if the difference

measure is larger than a predetermined difference threshold.



PCT/ SG2002/ 000105 29. The method according to claim 28, wherein the
simlarity neasure is conputed using the normalized Mahal anobi s di stance.
5 30. Thewoebhétm7zmscordi ng to claim?2l, wherein the i na@es/sare2zooa®s franmes
taken over a predetermned |length of tinme by neans of a video canera (100)
and wherein a sequence of several subsequent video franmes is 10 used in
generating the respective color distgjbution. 31. A systemfor nonitoring a
swi nm ng pool (101), the systemconprising: at |east one canera (100)
being installed for taking a 15 plurality of inmages of a nonitoring region
(106) abgl.eashe pRthloy GeRbadingy ta \witedm A8,f ace of water contained in the
swi nm ng pool (101) at a plurality of subsequent noments in tine, the

v

camera (100) vherehar the FgReEal e FGGUSe T IRPMRESST USSP 76'% conput er
(102) b?%ggfﬁgggkg@mygﬂgy%ayyﬂ@ygg£§59,to receive an i mage taken by the
an

camera eing i1nstalled to process the imge, wherein the
conputer (102) conprises: a nmeans for detecting the presence of sw mrer

i mge 25 portions each of i.ch sho a_sw.nmer present in the imge,
processiPig edcR &@F@@Fe&cgwﬁ d %@agéalm‘%l

portidn, so as to assign to the
respective sSwhamRl ni FREe iRRGkisOAra vakmoadeniest it kam -didrensi onal
geonetrical figure, wherein the geonetrical figure characterize ¢ | east
one geomeedietsirniz@datitaniaiit ©F & Heaky st g 45 e%t%f??‘@aeoﬁ%cﬁ i cal

figure g, figure Ros tge(?ﬂle%fcet he geanetni calpddgung whessifdhesfigure

10 used in generating the respective color distribution.

31. A system for monitoring a swimming pool (101), the
system comprising:
at least one camera (100) being installed for taking a
15 plurality of images of a monitoring region (106) at least
partly containing a water surface of water contained in the
swimming pool (101) at a plurality of subsequent moments in
time, the camera (100) further being installed outside the
water, and
20 a computer (102) being coupled to the camera (100) to
receive an image taken by the camera (100) and being
installed to process the image, wherein the computer (102)
comprises:

a means for detecting the presence of swimmer image

N
[62]

portions each of which shows a swimmer present in the image,
processing each detected swimmer image portion, so as to
assign to the respective swimmer image portion a
characteristic two-dimensional geometrical figure, wherein
the geometrical figure characterizes at least one geometrical
30 attribute,

a means for assigning to each geometrical figure a

figure position of thé geometrical figure, wherein the figure



WO 2002/ 097758 PCT/ S&G2002/ 000105 35 position corresponds to a position of
the detected swmer inage portion in the inage, a neans for conparing,
for at | ewet2oem®7ys8i r of two subsequent images, i.e. ofrca/Sore@eioy
processed present 5 imge and a previously processed previous inmage, val ues
of at |east one out of the figure position and the at |east one
geonetrical attribute of the present3gnage to that of the previous imge,

so as tq detach, ashange e the f igure s ROt iR Leemidd ealingidd i bute of
the present Tmge as 10 conpared to the previous inage, a means for

assi gni ngate the tdorr éspohei ngag@.ner, based on the detécted change in

the figure position/ eonetrical attribute of the_su q i
either a drownin§ E@ﬁgﬁtggﬁ Fﬁ@?égﬁﬁﬁg #ﬁgtthésgsisgg%r'ggkbfﬁﬁgﬂﬁ?omming

of the %Wib%%#e% arsafks, candi.t b@n a pdiceativly thalcesideet @resant ri sk of
drowni ng of the swimer, and a neans for outputting an output sirﬂqg;al if a
dr ovini ngmegrdianidon iP¥ €33 ENGAFI PES CERS SSWRAILOUF0 18I The Sy &% tactor di ng

to claim31l, further ISl diSpliay SlaNg couRlad 4 the
conpute?%5f62fnfbpgﬁiggrgékngqgugfs%ﬁnggfgﬁgﬁﬁhﬁﬁé% I's dependent on the
out put giegnal.ri2m 133t tFTHeusysbémtaec prdiseqtt dredga mo3Zhatherfeitha he di spl ay

nmeans i s an al arm neans and wherein _ the d%gpla .siqnalf.s a signal which
PEiE G &

i s sui t 8FFGPUS WA tRedl &APmITEETS. 236 §lset emaccording to

cl ai m 32, whergi N Jdigndirsphay sFRaNSULS & AN Re SRR tietaginds
10 compared to the previous image,

a means for assigning to the corresponding swimmer,
based on the detected change in the figure position/
geometrical attribute of the subseqguent images, either a
drowning condition indicating that there is a risk of

15 drowning of the swimmer or a safe condition indicating that
there is no risk of drowning of the swimmer, and

a means for outputting an output signal if a

drowning condition is assigned to the swimmer.

20 32. The system according to claim 31,
further comprising a display means being coupled to the
computer (102) for displaying a display signal whiéh is
dependent on the output signal.

25 33. The system according to claim 32,
wherein the display means is an alarm means and wherein
the display signal is a signal which is suited for driving

the alarm means.

30 34. The system according to claim 32,
wherein the display means is a computer monitor and
wherein the display signal is a signal which is suited for

being displayed on the computer monitor.



wherein the display signal is a signal which is suited for being displayed
on the conputer nonitor. WO 2002/ 097758 36 PCT/ SG&002/ 000105 35. The system
accor di ngwocoe@rms31l, wherein a plurality of caneras (PQF/SG02/00201) is
provi ded as the at |east one canera (100, 200, 201), wherein 5 each canera
(100, 200, 201) is installed for taking a plurality of imges of a
predeterm ned sub-region of the nonid®ring region at subsequent nonents in
time, wherein images of different sub-regions are taken by different
caneras (100, 200, 201). 10 36. The system according to claim35, wherein
adj acent3sub-Theyi eyt gmradse ety ap° 872imhél syst em according to clai m 31,
15 further conprising ag%ldreaafitt}pnc?f @%%PQQ”?MW—O?’) poropflet egting sounds
such as distress calls romswmers. . A syst'em?or nonitoring a

swi MM NG el ddd 043 , tlideat sysd &m eoapeaseng: (200 at20@asi0bhe ehaeean( 100)

being installed for takin ality, of i s_of nitoring region
(1:)6 gteq@és@am%?ti%pd:'og%@n%@h %@?%?Sg%ﬁ%gef%? ﬁ%@?éc%nl aignedg: n the
swi i “( 11%08%%%@&01&1? atnfydd %@'ét?’r@cﬁeﬁé‘ﬂﬁ@ﬂé@“@u}@@ﬁ@@iéni 8f thee, the

camera her being installed outside the 25 water, and a conputer
(102) beiowy couph@dre®i ahen tc apeP 22 ¢UO0Y nemereelvet aRCH n’ﬁ%@r?éﬂen by the

T e s G o] i 101 Al &L L PoRE OFEESc A REn | BPOEL £YEERLD Lhe

cameras (100, 200, 201).

10
36. The system according to claim 35,
wherein adjacent sub-regions partly overlap.
37. The system according to claim 31,
15 further comprising at least one microphone (103) for
detecting sounds such as distress calls from swimmers.
38. A system for monitoring a swimming pool (101), the
system comprising:
20 at least one camera (100) being installed for taking a

plurality of images of a monitoring region (106) at least
partly containing a water surface of water contained in the
swimming pool (101) at a plurality of subsequent moments in
time, the camera (100) further being installed outside the
25 water, and
a computer (102) being coupled to the camera (100) to
receive an image taken by the camera (100) and being
installed to process thé image, wherein the computer (102)
comprises:
30 a means for detecting the presence of swimmer image
portions each of which shows a swimmer present in the image,
processing each detected swimmer image portion, so as to

assign to the respective swimmer image portion a



30 a neans for detecting the presence of sw nmer image portions each of
whi ch shows a swimer present in the image, processing each detected

SW NTrer i wegeoymrtBon, so as to assign to the respecti v@CTSGINEI000108ge
portion a WD 2002/ 097758 PCT/ S&G002/ 000105 37 characteristic

t wo- di nensi onal geonetrical figure, wherein the geonetrical figure
characterizes at | east one geonetrical attribute, a neans for assigning to
each geopethigal ikigur eywd-ddnkinguoaaposiebnen ratatlhe igeorst mibealeifi gur e,
wherein the figure position corresponds to a position of the dectre%t eid

SWi nTer thienggemptricen LAJtEE CREGECTE T HESSTs 3for SCoip AN ECF oI "at I east
one pairtgf tbw% subsequent inmages, i.e. of a presently processed present
10 i nagé‘arnd £y Sr’evi ously processed previous inmage, values of at |east one
out of the figureapskhkofioandsthegnangl saseache gegaemsticiedall LGUEE But e of

the present image to that of the revi oys d.nmage, to t ect & Lhange
in tge filgwre pesditirenPriy tgreiog%tr&t i édTgélgCgf’ t% ﬁlee%%rlglsﬁ]tee i%cn%;ge “as 15

conpar ed, £9 408 RLEVLAUS dIRER, a8 pERaANS drolo faggiegnidigdied hevicoraespondi ng
swi nmer ;" based on the detected change in the figure position/ geonetrical

attributimaofe thetsobsequéme ilmggées, either a drowning condition indicating
| ndi cati ng that | PhEPE"Fs 78 PLERoR 0l ownrng ol he Smer and 4 means
fo_r out p}gltgsjer@glefm qutapuls siigral dff =a prsemiilng rooritsesh fresadsi gned to the
Sm‘fgerlmage and a previously processed previous image, values of at
least one out of the figure position and the at least one
geometrical attribute of the present image te that of the
previous image, so as to detect a change in the figure
position/ geometrical attribute of the present image as
15 compared to the previous image,
a means for assigning to the corresponding swimmer,
based on the detected change in the figure position/
geometrical attribute of the subsequent images, either a
drowning condition indicating that there is a risk of
20 drowning of the swimmer or a safe condition indicating that
there is no risk of drowning of the swimmer, and

a means for outputting an output signal if a

drowning condition is assigned to the swimmer,

25 wherein the means for detecting the presence of swimmer image
portions comprises:
a means for generating a global statistic model
from a taken image,
a storage means for storing global statistic
30 models, and
a comparison means for comparing a current global
statistic model to a gauge global statistic model which 1is

stored in the storing means.



25 wherein the nmeans for detecting the presence of swi mrer inage portions
conprises: a neans for generating a global statistic nodel froma taken

i mge, a wpaey®7te8ans for storing global statistic 30Poode2802/0a0d5a
conpari son nmeans for conparing a current global statistic nodel to a gauge
gl obal statistic nodel which is stored in the storing neans. WO

2002/ 097758 PCT/ SG2002/ 000105 38 5 3%. The nethod according to claim1,
further conprising the step of /differentiating a swimer fromripples on
the surface of the water based on ast En t Lo r#9indhehsystem
accor di 4%y t%h%lr%ﬁ”trﬁ%%ﬂ%c?c ,’U]a%rf e%fg‘lé%rr%’ri?f%gﬁ%gagg Yor differentiati ng

a sw m?{eé]@f“cﬁiﬂf’ﬂ%ﬁént:@@tiﬂﬂ@ susf eeeof ftbe wapplebasedtbn cOREAESt
infornmation. 10 . .
of the water based on contrast information.

40. The system according to claim 31 or 38, further

comprising means for differentiating a swimmer from ripples

on the surface of the water based on contrast information.

10



