WO 02/ 097758 PCT/ S&G2/ 00105 Drowni ng Early WArni ng System Background of the
invention 5 The present invention relates to an audi o-vi sual system

capabl e oWwommptesi ng a swi nmi ng pool and an aut omat ed nethoadgGoobo@mpal yzi ng
swinmers' conditions to detect potential drowning incidents based on the
recei ved audio and video signals. A nunber of video caneras and an array
of 10 m crophones are strategically placed above the water around the pool
such that the entire swi mm ng pool can be covered. Through the processing
of the PrdewigwFarly Hayromg Ryshkf® o 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
att ent i @ackgrmaid\wipad einviintpreesent, 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 many sSw nm ng pool s

wor | gwi dg,c located iinJulidh HaGRSs Md VAt eudiyisessu £Ondpsi gt ums and
hotel's. Unlike public pools, nost private pools do not have |ifeguards on
duty. Thepefodree ofa magyistogrhrnichat SoElARTPIEY i R0 ntiTid 6Tl i e st et 19 such

pool s 25 woul d be useful . |n ,additj.qn, yst o . alerting the
i fe- quardS S YRde\Y oF" Potent i %%néjllg{iroergssScoo'rS (froemcﬁ?ﬂbgéte?rﬁ'{:ll ences woul d be
hel pf ul qrBwiEIng resGuRmfs s qersorHa ralistvesawniid endrowdasg vi ctins
is critical in saving lives and in preventirgjg irreversible injuries. It is

thus hi gHl9a3e -désivalied f WA arreftShatd e dstEmdafibl e of detecting
di s{pess; Uy RUSR &l Aruning, 126aide s Ald AbSA! IshsStade r la MARR/ 097758

the pool such that the entire swimming pool can be covered.
Threough 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.



Rel ated art PCT/ S@&2/ 00105 There are a few prior arts describing the
nmonitoring of sw nmng pools to detect drowning cases. Mdst prior arts 5
descri be wbhaswsof floating devices that will sound an alamrsGoehotbhere 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
swi nmmi ng 10 pools, presumably unauthorized. US Patent No 4747085 and
4932009%&9@&%"06"‘1 the use of an array of transducers (typically ultrasonic)
to detect +the rate of notion of the swinmer and if the rate is

suspi cious, drowning is assuned. The US Patent No 5043705 descrl bes the
use of ulrtermes ariec al ¥ evadari am axdan dese Mdtitnem thed HtQip‘Ltl%yiéYg off the SW nmi ng

pool to detect notionless ) e
vi ct i ms, SHAIFHE US WA Te it rﬁ?qﬁF f’O‘@Z‘%«?ﬁ%&%@?. on es l%dtdes y usi ng
sonag SGRIYH NG UM ¢ sl @ the ddidgomenfi ddre tmmj willln sanotchem approach, US

Pat ent no 5097254, 5408222 and 20 5907281 rely on a eV| ce t he
oo rer LH RS S e a0l Bt Neorion 3P e ap TS T Er g

durati o, Ofeéﬁloflfg ok %tae'nacr MM g7 440 1generetaed jor, A vfﬂé?@tt}“ftctVJa\@@Cis us

Pat ent no uses m crophone systemto det ect heartbeats and
br eat hi r stoirmdsi Qwd r?e;ammesxq R GNtier eald BXAReas t-hd 'ES calpseifde and

presence of these sounds taq det, erm e t he pOSSI b| |t+ f The
only paféits Afaladde WidFss r‘?‘élras £ P EESE Iy A eergls ?o iovvs %30

5886630 desd tgﬁ%stu%ms,e Bfa MiHdea canenEs Haa el act 4 Motdssnlaess bodi es at
t he bottom of sw nm ng pool. The
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 processing 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 1s used as an indication



presence of such notionless bodies is used as an indication 2 WD 02/ 097758
of possible drowning. PCT/S@&2/ 00105 2. 6133838 descri bes a nethod which

i nvol ves wioa@2/0p17s¢ al | ati on of nultiple underwat er caner as patr/SGgosiosie of a
5 swinmng pool. Drowning is assunmed if a body is detected to be noving
slowy or notionless underwater beyond a predeterm ned tine. None of them
however provides any description of nethods of 10 anal yzi ng sw mrers'
behavi ors. Mdst approaches assuned that absence of notion or slow notion
is an irmdf AsDP O M. There is however a significant possibility
that the actions of standing, swnmng on the spot, diving or playing
underwater could trigger false alarnms. To reduce such false 15 al arns, the
syst ens AbovEl 3E8/E8 tae heribest a Ireptlsad félci@ntiyvobieep. theé such a case

however, distress, or the rly drownin of a child at | | oyer pl aces
cannot bt A el n%gé%ﬁgrlfy]e r‘fr\ill\g%lf Lo T VAT R° b"s/lt aékg% érrlm=3r %ﬁ t he

typi gal dipidd@hg SSSUIB RSO hies wad elinsdir f ace hedpres sdakéageareo i gnor ed.
By 20thetimal%he body sinks down to such a depth, there is only little
tine |efhe tooviose vl ik Ak ik herirfRt va Hel dRNdsystems require the

pl acerrentreoéetuen ler wat er; caner as which requires significant and expensive

i nstal | &t’ion procle%eures which also results in an interruption of the
pool s' 25 operation. Therefore, a systemof this type | eaves nuch to be
desired. Summary of the Invention 30 It n_obj ect of,thetr% sent

i nvent i AP PF Wil SRR AT %t?fb%sq%lsr‘c 1Y i By '&° swWi i g pool to

i ndi gat €& 1} Sy swimmers' behaviors. Most approaches assumed that
absence 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-water video caneras with optional mcrophones to 3 WO 02/ 097758

PCT/ SQ02/W0Xahomeser a swi nmm ng pool and which can reli ablpgTiStde/o@be a ri sk
of drowning of swimers. The object is achieved by anal yzi ng sw mers
conditions 5 which detects distress or possible drowning cases by naking
use of the cues of swinmmers' behaviors, such as body orientation, area of
t he body above water, noving direction and ti symmetri es, the |nage

f eat ur e§OFE I ﬁesg’&%@ﬁdpﬁ@% &hdaghdrhy I‘Féms\ﬁ%%gy(fl oA isedspiPe

ripple 8§t5§r§%h l%ngQQQﬁﬁegganges in the swnmmng pattern, |rregular
ca

activity, an for assistance. The present invention differs fromthe
existing nmethods at least in the follow ng aspects: 15 1. The systemis

installe%@abgﬁ&g&hgfggé l@gn%béggﬁga SE%&Ba%MQ%m%?% W@OQEQQQQ%% easy and

|nexpeng Farl n éxisting swnmmng p

Wit hout yht ke Heewll-esens taied sewe@s:ls\sabpreome@wmeslgofca@@rpr@t ma\Maln@r 20
drai nage or costly renovations for cabling and installation of underwater

devi cesusg, théh§y§véﬁlp§ ﬁﬁﬁ@@&?ﬁngbﬁp§ﬁﬁé§§'aﬁ&céaﬁﬁy P@A%wni ng  si gns
such aso&&%%g% én%mkﬂg%nggpﬁkkebgﬁ $hIRS ALl S%BQQ%b'Qﬂme%%QQ%n

subnergirng o etc calls f assi st ance. does not solely

depend andthetﬂnhlegh@ssrlese tmhe1mﬂ@enﬁeamugﬁgvpde§ha sRirTednfidng
nitorin Wi n I i_ndi ri i

Pﬁe ;gtﬁS as %f qgg %w1%%e@%o f%% ex%m%%te %ate%krggp %O%g%@%r%2)§mnnners,
10 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:

15

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
20 drainage or costly renovations for cabling and

installation of underwater devices.

2. The system is monitoring distress and early drowning
signs such as irreqular swimming patterns, signs of
25 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
30 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



conprising: taking a plurality of subsequent inmages of a nonitoring region
at least partly containing a water surface of water 4 WO 02/ 097758

PCT/ SQ02/ wolasriesit ai ned in the swi nm ng pool by neans of paTesmwen@odut si de
the water at a plurality of predeterm ned subsequent nonents in tinme, in
each imge, detecting the presence of swinmrer inmage 5 portions each of

whi ch shows a swimer present in the inmage, processing each detected

SW nmer inmage portion, so as to assi to the respective sw r.i,mage
portion @Pnehbrett B i st cswwmmgﬁrm I@%%%t?fc%l CFOLT e‘,ggﬁﬁé?%i n the

geonet r !aﬂi[ GdOur e i s, oharAct £rd 286 byedd & BRShe @NSuTLD: i Set bR RE
geonetrical attribute, assigning to each geonetrical figure a figure
positionin ofirtdie geonetrical figure, wherein the figure position

Corcesnie 8, LA R, S e e

i mage, 15 fort™at® 0 equéent i mages, 1.e

present |y, pF DEES SELC P &5 et 1 dMBgeowiIth aspimié DUStyse Pt otessied pnaye pus
i mge, conparing values of at |east one  out of the figure position and the

at least one RpewtRyindglcadd 149 WA DISHHEGF eS@A© | PRIge Vo t%%_ta%ft? he
previ Ousaé%ii%%%%{ Pé?§§%@ﬂ§%w%é@”ﬂﬁaé§ bhecfbguge position/

geonetrica e o e present inmage as conpared to the previous
i mage, bhasecthonethe detect edindraigend h gdendf gieel pbsjeion/whegedhet ri cal
attribute of the supsequent inmges, assignin 25, the correspondi ng

swi mer 1% HEFOBE i et gt SO 1 oHa T aC O 08ed by 2 €2 507888

10 predetermined geometrical attribute,
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 corresponding 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:



indicating that there is a risk of drowning of the swnmer or a safe
condition indicating that there is no risk of drowning of the sw mrer, and
out put t i ngoam/oersput signal if a drowning condition is 3@cassiognadsto the
swimer. The invention further provides a systemfor nonitoring a sw mm ng
pool, the system conprising: 5 WO 02/097758 PCT/ SG02/ 00105 at | east one
canera being installed for taking a plurality of imges of a nonitoring
region at least partly containi a_ wat er r f ace of te ontained in
the swi nming 2'podteslt ¥l Ut Hi it an%ujb%se%%s%in?cg %n‘i%&r}létalcrre, the canera
5 furthesy beingey nst alhsge oW sidendhecveieg , reqba Lonpeder peingy coupl ed
to the canera to receive an inmage taken by the canera and being installed
to procesentainingreyevatifiereinadre Lhnipitel cOMNRIRed: iy ey ¥gping
detecting. the pres f | ATEY '&?9&1 ' eTeToly j ows a
SW nmer Egor%geant? ?rﬁlﬁ%fln%%g pr%é(':e Sl ntg]ng%c %ée?i;r?:t ed SWOEW%%&;

port son, fsetlesr tige i@ssimggt d Dl ddeoutespdetitve waiiemerandmge portion a

characteristic two-di nensional geanetrical, figure erein . the geonetrical
figure is chat &Y Aed B3 q‘g’r’é‘te%n o %“epr%d‘éetfea}' %]%eraecgeelovr%tar'r?cal
attribut g, & MBANS, 1OF @SS| Kk ton@as oI td Crdd fi U eodesd igus e

position of  the geonetrical figure, wherein the figure position
correspoimusge 0 wheosin i Ore ofoniie et €A S "mer i nage portion in the

i mge, 20 a means fof,.comay, Q:%tefcocrid'?% éheeaﬁatre%%o%aiorf Uy TR r SRRRAUENT
i mges, i.e. of a presenstly processe resent

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, i1.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,
pbased 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



i mge and a previously processed previous imge, values of at |east one
out of the figure position and the at |east one geonetrical attribute of
the presewDoegyesto that of the 25 previous imge, S0 as PCo/SEor/eans a
change in the figure position/ geonetrical attribute of the present inmage
as conpared to the previous imge, a neans for assigning to the
correspondi ng sw nmer, based on the detected change in the figure

position/ 30 geonetrical attribute. of the s ent. j mag either a

dr owni ng condi ti oft Pﬁ&PEatFﬁgoﬁﬁgﬁtﬁﬁg egps%gﬁﬁﬁgkqﬁfﬁl rga%f%g of the

SW Mer Howd i$f @csendiitnon s rdistajrieny tichathe tdeimendss. no ri sk of drowni ng
of the swimer, and 6 WD 02/ 097758 PCT/ S@&2/ 00105 a neans for outputting an
output signal if a drowning condition is assigned to the swimmer. Brief

di scussigQ] ¥ JiedAWnNGF THd Gralith@s a system setup for an embodi nent
of the system according to the present invention;, Fig. 2 illustrates three

overbappi ng i mages of three 10 different sub-regions of a nonitoring

region, the inages taken by three different canmeras; Fi 3 (a) a
typi cal Eifaged SFO4 Ss\i ﬁ%sﬁﬁxbﬁgltué’n%lor hi“st o%énrbao?ris}emo%n hoeé %lg)e ﬁé&%vg%\c) Green

and (d) ;Bl4e BRIk ol heopperent: afnvidie iiomge; Fig. 4a shows a background
scene of a swinmmng pool; Fig. 4b shows a segnentation of the imge of Fig.
4a with 20 four clusters; Fig. 4c shows a 3D (4D) scatter plot of the

baCkgrO%Q%.S%eQ§lustrates 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
histogfams 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

imaages (frames);



of Fig. 4a and 4b in RGB col or space, where each cluster is shown in
different color (gray scale); 25 Fig. 5a shows one tine series of intensity
val ues ofwe opioxabs where ripples occur, for a plurality ofPCTisicozouent
images (frames); 30 Fig. 5b shows one tinme series of intensity values of a
pi xel that the sw mer goes through, for a plurality of subsequent inages
(frames) ; 7 WD 02/097758 PCT/ SG02/ 00105 Fig. 6 (a) to (d) show i mges of

SW mMmers_in swi.myi ng, pool, wth detected swinmer inmage port| wher ei n
the contfid® & (dadP d‘é]Becst@d" SWIGHTET O%Cnﬁgwel%erlisl on' i%s S’g”plﬁrf%glxqmdl by
best- fiy; @] ldRsRst R Rindmmk S howsy e gimtieodd owrth agranforcdiewetect i on of
potential drowning; Fig. 8 shows the orientation of the body of a tracked
swi mrer eakth fdsrt e gsic sl imme fofl MR APUEHCT ranePREREMahe A RY & Taner a;
Fig. 9 sﬁﬂocwseltl Jate of orientation change obtained form Fig. 5; and 15
Fig. 10 shows an 11’1 ustrati on of the overall process flow of an enbodi nment
of the system according to the present invention. Detailed description of

. vid caneras are

the preferred enbodi ments 20 Hardware Set A.nu r of
mount ed ESove RS widmitife poq” dhd HAE Ig;dgratté’cf érq)egt?ncg“t%e ool such that
these CHBAXial drowning;

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 one 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



25 cover the view of the entire swinmmng pool. Typically, each canera is
nmount ed high up and at an angle view ng downward to the pool area so as to
cover a lwapge/n$i7zes d of view, reduce occlusions of sw mMePSTHGI2/N0105 M ze

t he perspective foreshortening effects. Al the canmeras are enclosed in a
30 rain-proof conpartnent suitable for outdoor setting. Figure 1 shows an
exanpl e of one such canmera 100. There is an overlap in the view of each
canmera 100 and the two caneras 200, 201 at its side. An exanple is shown

in Fi gur@iZh B 880 2e0e7 eS8 1081 S/ COH0S Mhitird W9 d&d’¢aneias 100,
200, 20 ﬁi%eu%%vy %fccﬁgq%(r) pdie a9t riqlev'vlei#vpfoﬁ Neaool 8d - o ke view of

canera and ‘canera overlaps as we as canera 200 and canera 201. 5
These viddee carmaovEiQap206@,s 2@1 lcas waandie AdWend serquentes0 bf t he
activities inside the pool 101. Al the caneras 100, 200, 201 are
identical and each is responsible for nonitoring a portion of the pool

101. 5 Thend deq i £RAYeREeeS Ohtai, ned oy 140 bedptases satk byi casput ers 102 to 10
anal yze for potential drowning cases. In the follow ng section, the nethod

of anal pEavgrews ofwitingeB'cs Ivea@isorinssiaf s RaP it n Ahke dhtext of a
single canera 100, t t ypisgal, ar r;ang t j S §g%ﬁ 1 in

Fi gure £ %9 ggvy,gﬁﬁé gpﬁafroflhlcrop ghg%K%?%§ ls é%%te E%hc t hat
sound frrem gy ipartinef at e reviomriofg theEoglod0 1l (dan Tee piiclesd- up rel i ably.
The audio signal 104 wl| be _enhanced to kgglease t he si t o noi se

. b
ratio. FRABETICE Sa1005ad8sCc ted Li MEFPFRSE SEELPYTIRE R WD Sigrfal* 05 and
audi @ Siagl%qlf(z%ozfo%r %o@,%%%qegg%angcm&er 102 or a cluster of

conputers. The video signal 1
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 Fiqure 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 audioc 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



can be sent to a dedicated nonitor for view ng by the person in-charge
either via awred line or a wireless link. 25 Simlarly, the audio signal
104 can bwoleny7769 t he speaker via either wired or wrel es3/SeeanE0s When an
abnormal condition is detected, which could possibly be a distress or
drowni ng i ncident, the person in-charge will be alerted. The person

i n-charge can view the video signal 105 and hear the 30 audio signal 104 to
deci de whether it is a genuine drowni.n .incidgpt dif it is, further
rescue dperatGidn ReE gﬁs&if&y e t%we%r‘g“li%g o tesponse from the person
in-charge after a short duration of tine, a |oud audible sound can be
emtted 9 WO 02/097758 PCT/ S@2/00105 to alert people nearby the sw mm ng
pool 10Ppdristd MyiMdimiel e 5 The video data acquired fromthe video
canera 100 is being sanpled and digitized and the digitized data is nade
avai l able to the conputer 102. Typically, the nunber of sanples or franes
acqusr edHes vhetareenth tarfiiperd second.-heTheldan deonadat al Wei g priovessed i s

broken into short sequences.. 10 Typically, the duration of,each sequence is
bet ween PP I GHits 4 W?@cm&ﬁne‘ll%@]aﬁdo F't Jesa_é‘??%eequence is
simlar and midile Be ahd AdmpeFaroeactysequence, tife SWinB@f et ection
nodul e is launched to 15 detect and count the nunber of swimrers. This

process sanpdiad ded finame ¢ Mol isteghds DefmEash gl dbal8 st iseGTE - ndtfel
generati_gn, se nt at.i_on vg s qﬂd% aitrj&g Stggaf lje?;c@&&a.l nodel .
These vvivﬁdeboe Og%%cib%ﬁéﬁ ip(r)fforrcts?re eta | el ow. 20 1. Cgl g%)egﬁ statistical
nmoded gengrialdldy, the duration of each sequence is between 20

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 is
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-based mean shift procedure [l] 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

10



Figure 3 shows the histogram 300 of a background scene of a typical

swi mm ng pool 101 in RGB (red, green, and blue) 25 col or space. These data
di spl ay twe taebzss or as expected: the black strip and watem/Sgioz/ed195f or m
two fairly well defined peaks. This observation inspired us to enploy the
ker nel - based nean shift procedure [1] to performnean shift clustering. It
provides a m xture of Gaussian distribution 30 for the background scene.

The uni queness of background scene of sw nmin opl, 101 in a data analysis
cont ext 35sSHFORMEY FERAL HATET he- g Yata t%bgwb‘?‘? 0¥F38" PCT/ SG02/ 00105

are strongly. S0tk el @l eehadd tet ey %é&i%}%d@'f@gmlﬂtﬁm respond to
under |l yi ng contiguous regions wthint i mage, the recovery of which has
been ac hireves, Mmgrewemsz Sffhlf(th prat dekpre. aFiriyed ashogst ke 3D
scatter plot 402.5 of th sce t.he t RGB
col or srgea%ré si?fdftr t%r%cee Tath o I%)J sﬁ%w;g#ﬁ%gen%gt%g%%&g;%il%%e%?

cl uster sopisiny d=biedd dﬁam Sif Stred o i dmeiaty qbatst er01 sin astsaIneEB tao ber a
mul ti vari ate Gaussi an characterized by its npean value and covari ance

matrix. %macze By ridrd AAFBREHTE WAt SR ImER9S ifatie oS SrEed
charact er @%}Qe/ef’*s H!?%P& V@Jaﬁld@srrgedldseefa&éé ongf&iore fihe backgr ound

stati stl CS. anges I n the nodel scene are conputed at every franme by
conpari m;ssmmdetm o aarrﬁmll/ult‘l’rartlweimtﬁmlsswrt hchdreasetr gfed ey uster s

(G }i rm t he backeg ucnd scene at tinet, a simlarity
rreasure“i‘esarbo t‘?/%veal’fjt% A&Ori 1y frame and the background using
t hejpornal i zed I\/ahal anobi s

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-r. .w 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 (X: \ C; + 1 =1...N)),
25 i
Dp (Xe \ Ci)=1In [ cl+ (Xe- w0607 T 700 ( Xe =t 10),

. Where Dp (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; u;,: and Zj,:

th

are the mean value and covariance matrix of the i cluster

at time t.

11



20 di stance. This provides an estimate of the simlarity with the
background at every pixel. The distance neasure of a pixel in the current
frame |swbp)2(09<1758 zarg min (Dp (Xt \ G : i =1... N ) , preasSgo2/(xos\ C )
=In"' yi, t'+ (ht - i, t ) TE-ii, t (Xt - , t ) Wiere Dp (Xt)
measures the | owest difference between a cluster centroid and the
projection of the pixel's observed 30 value on the sub-space spanned by the

cluster; t.and Ei t he, nean val ue. and. cov n x of the
it" cl us@'éﬁ1 a]tfté? n’ée?ioril éﬁ%/ﬂ%@%’(ﬁ?%&%%ﬁ& gl“h Slml# %1 regi on of
the i magerds s fisdendd Yosliisgtdanar cie O@yshf@n npoel esbhackgr olmnd;ot he
systemw || consider it to be a swwnmer. A binary map is then formed for

the curremta SwhWEST i rd WHiHHE Y difonisS cltiesiORtRtIgEed tfe SWFTRRYs are 5
hi ghl t |
i ghli gnhftrﬁalqile:,fi%‘}g)vhf%}p 0510 i ecgrf@ém% cal rafi@iSrs are

(erosion- are app to renove small noise regions and to
fill 5holras;;rim<j}ttea;ce Fegiansorofbliatier Bdsic Howeverl ogioreel swpgmt BehdDN errors

Wil stl per si due to flection ri ppl es ont surface of the
wat er rc‘h“l‘?? é#lelahtdtorb)xp %e]maﬁ ?Q@ﬁﬁ% Pt Bitkgr'dund nodel . By

i ncl udi ngs frdid ofdg know siedgen dfe & men SthéH@rrSeng &yﬁtﬁNélﬁestﬂb| e to
further suppress this type of false segnentation. In order to differentiate

ref | ect iFse T t heomsurgemieergia t 105 @it e artdt shi ek s, Paves ek e24e th9re series
of intensity Ctvfllrlugi(t or. ) t\éﬂéype&l afy, P Xl S5 Ner tivipe v%lcté)% xels; has the

occurrence o i'ons (Wi th no swimers, compare first tinme

series Sy it | aiEns mas]s;ddﬂmugib ttes dIEh:d{grdiLy‘mE nofdeli xeB, conpare

second tine series 501. Figure 5 .
including a-priori knowledge of the swimmers, our system 1s

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 Bs; 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: Bs -I: > Tp, 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 1s represented by:

12



20 shows the typical tine series 500, 501 of these two types of pixels.
Clearly, there is a distinctive contrast between sw mrers and reflections
in term oWwoimerissty changes. Swimrers generally cause aPETgGRHTCant
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 BS can be obtained fromthe nean val ue
of the cluster having the |largest sanple size. W then inpost another
constraint on the segnentation of the swmers: BS -1t > TB, where It is

the brightness of 30 t pi.xel_ in.the current fr TB is the

conveniently chose itﬂ$e§ﬁgﬁ6% gﬁépbfﬁéJQ Zéb iﬁﬂsﬁﬁgﬁ}foreground regi ons

contains the swnmers is represented by: 12 WO 02/097758 PCT/ S@&2/ 00105 b

(t) =U{ [Dp (Xt ) >FIn {BS - It >TB] . where " denotes the |ogical 'AND

oper at orMheraus, demetsian 1D g3 If oANHe degmeEogt- (st Ghe Ramiated by the

| ocati ons re.the differen rqm.t 14 S; ater than a

gi ven tﬁﬁ§g¥§ﬁiﬁ éﬂﬁm%héﬁbﬁﬁﬁﬁi§§§§h?§§§%&%£Qﬁg&g%pqgﬁﬁﬁﬁf%%?overa|

bri ght nessref dtwe qiddedayndehe rdnr edieolch CKigr ol d3 mddgdatiisng vese ehackgr ound

gl obal statistical nodel Since our background nodel gives the gl obal

descri pttitem of giten Faaleghodad Is eae thehdripddresst 1eve nddell 8l y caters

for the changes in averall .lighting ition., E C fir

consi der% Ot éaé&?gfﬁﬁghé&@&%?fﬁ%bfﬁgggfép%%ﬁ'Fﬁét %aché%gﬁﬁ qﬁﬁﬁél

updated with the color values of pixels that are not classified as

sw nmmers. The background pixels are assjgned to the respective nearest
e istrod 25l SokT L ¢ s

cl uk? er s3adireafiingd toet t = 20

are

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 Considered, 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 pi,¢ and Zj ¢ of i™ cluster which matches the
set of N new samples (Xx} are updated as follows:
Mi,e = (1 - plpg,e-1 + P&y,
25 Zi,e = (L = p) Zj,e-1 + pCi,¢
where
- 1 &
Xi,¢ = Ei;;Xk7
1 2l - - T
Cire = 5 20 =X = Xe)"
N £
30 and p is the learning factor for adapting current

13



25 The paraneters 4,t and 2:i,t of ith cluster which matches the set of N
new sanples (XK} are updated as follows: Pi,t = (1 - P) Pi,t-i + PXi,t &,
t = (1 - Wpokioy7768 1 + PCi, t where - 1 N Xi, t = N X, , 1PCTisSGn2/601bs ( Xk
-Xi,t)(Xk -Xi,t)T 30 and p is the learning factor for adapting current 13
WO 02/ 097758 PCT/ S&2/ 00105 distribution of ith cluster. In our

i npl ementation, the learning factor is a constant to provide faster

Gaussi an tracking at some expense of curacy., 5 At the end of. this
segnent at i 6t SFEdENE 1oMh e syist émUSEpT egﬁ'ht%u%aw]oefm?rh%atdje?rébt%%e SwWi mrer

with a set (@b @by iFfRERS. iisnGl BdnRgan kdeptddw dealiRlst el 2ZRusealour,
centroid position and nmajor orientation of the segnented sw mer

represent edroykihg wij somengxpenoe @fegceiradyest 10 fit ellipse 600 to 603
around the swmer. Figure 6 shows detected swinmers in a sw nm ng pool
101 with the superinposed best-fit ellipses 600 to 603. This entire

det egt | of: apwle t &€ Kb NOt T OCoSFmd st stiwmrmaedlas dive foysoew: 1. Convert the
original RG color space into the HSV color space. 20 2. Deferm ne the

area of F¢RE?eRRLT E¥OMiPbrtNDETVREEFY W EEFSHUF MY 3yStenPSet up.

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

14



3. Conmpute a global statistical nodel to represent the background of the
swi mm ng pool 101. During system setup, 25 an estimted background scene
400 to 40®oftam9t’se swi mming pool 101 is conputed by obsewrdrrsgorh@ognpt y
pool wi thout any swimrer for sonme time, and pre-stored. 4. Detect sw mmers
by locating regions with large 30 deviation fromthe background gl obal
statistical nodel. 5. Apply a series of norphol ogical erosion and dil ation
operations [2] to renpove isol ated noi se pixels obtained 14 WO 02/ 097758
PCT/ S@2/ 0@r@¥<cabove. 6. Connect the changed pixels into a contiguous
foreground region, called blobs, using the connected 5 conponent anal ysis
algorithm[2]. 7. Update the background gl obal statistical nodel. 8.

Encl ose eash nevhyedet ebiedhbingkdwptiked shéstof iat coh® igluoisse 600 to 603; 9.

Label and count the bl obs inside.the itored area. After the swinmers are
det ect ed, FﬁéegﬁPHﬁgr§e%lPP'b§ai%eBrQggga'ugﬁﬁﬁgat%ﬁlﬁqﬂﬁﬁc t racki ng

modube. ThismgBduhe ahaey sasKahgaikhhl gpihased miltipl e hypot heses
tracking algorithmthat i ncorporates color, position and size as the

mat ching features. The systeminitiates a Kal man nodel for each detected

swi nmer. At, each fra an_avail abl.e o] Kal, l;s are used to
identify the dgpgéfgg%gﬁi%ﬁg% ro%??hggggééc%t%glgﬁé%%?e&?ggéry det ect ed
swinmers in the previous frame (this process is called correspondence).

When unanbi guous _correspondence between a nnggl,and a smAHQEr can be
establ i shed, t Fecheael edih NE¥ YpdaEEFtaSi RGOPhE 1kt BsPe5% ithfor mati on of
thagosw men 1 ; Madelsd ot hat cgannot be used to :

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 1s as follows:

1. A region corresponding to the pool area will be

designated in each view of the video camera 100 so that

15



explain any detected swmer within a certain period will be renoved. In
that case, the system assunes sw mers corresponding to those nodels have
| eft the wonenoresl area. 30 The multi-sw mer tracking precCEss02/80185
follows: 1. A region corresponding to the pool area will be designated in
each view of the video canera 100 so that 15 WO 02/097758 PCT/ S@2/ 00105
the conmputer 102 can easily know the area of interest (AOQ) (nonitoring
region 106) to nonitor. This will be done only once durjing system setup; 5
2. The tradlisngammifier Wil aroniadsil Horknahl fist et @ ng TR t he AO
(rmoni toring . regio 06). 3. F t 0 ! [ 4 ve met hod,
attributes (&Oeghe&fv%lqﬁ%rlggséeﬁyfsmﬁh@)p% ?ﬁ)xﬁlcga(%g' li%{l\r/%l%{:ﬂ 3%)\,1 Il be
extract ed tdorfeoronidy tamekiduy iaid rdymtteen sesotror, a. For exanple, if the
tracking attributes used are position, p, and velocity, v, then the vector
afor swmer i will be in the form aj= (pi, vi) is 4. Conpute the

mat chi ng S@Qfeﬁﬁ? firtc KYn gEaeiug Rt R 181 mordift 2L, £H1S diennidveerese amirght ed

sum of the Euclidean distance, Dij between the i'~" blob's tracking
attribute ivgct dhe &0I i(momhéogdindededoand 0dnd the j" swi =er's 20 tracking
attribute vector, aj, in previous franme and the Euclidean distance D] of

ai inthe current frame and the predicted tracking attribute vector, aj, of
the j1h swi.mMmeronThelebaiods dee erated Jus Mg reas wies/d heetliddsl i hood  of
blobs in the current frane correspondin% to swimers in

attributes of the swimmers suth as the pesition and

10 velocity will be extracted to form a tracking attribute

vector, a. For example, if 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)

4. Compute the matching score matrix, M. Each entry s;j
in M is the inverse weighted sum of the Euclidean
distance, D;; between the i*" blob's tracking attribute
vector, ai, in the current frame and the j“lswimmer's

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

predicted tracking attribute vector, a;, 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:

16



25 previous frame. Assuming that there are mswimers in the current frame

and n swmers in the previous frane, then the matrix Mw ||l have the
form 16 WD0ATSY 758 PCT/ SG02/ 00105 M = Sl n where 1 - 01pcDisgozomos Snil . .
SmJ 5Dg-=1I1I1 a - aj,l , and Di; =11 ai - aj with [IIxI|l denotes
Euclidean normof xi =1 ... mandj =1 ... n. 5 Establish the

one-t o-one correspondence of swmers 10 between the current and previous
frames by obtaining the scalar product of two matrices P11 and M2, both of
which are derived,fraythe matchspg score matrix, M ML have entries
equal to 1 correspondi.ng to the highlest bl ob-to-swi nmmer nmatching scores
and other entries|Sequal-to O for thhg 15 current franme while simlarly, M
have entries equdl :to 1 correspondijng to the highest sw mer-to-bl ob

mat ching sceres jand other entries dqgqual to O for the previous franme. The
scal ar product offl] M and M2 creates |a matri x M3i whose nonzero entries

i ndi cate the unanbi guous 20 corresgondences between sw mers; 6. Anal yze
the |l ocations of [#py unmatched-blHhyg. If it is sufficiently close to one
of the existing swinmers and appear away fromthe boundary of the AO then
t he where

1

= ———,
Dij+Dij

Dij

S D, =llai - as], and Diy=]a; - a;], with

|x|| denotes Euclidean norm of x ,

i=1.meandj=1. n.
5. Establish the one-to-one correspondence of swimmers
16 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 0 for the previous
frame. The scalar product of M; and M; creates a matrix Ms,
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

17



25 unmatched blob will be nmerged into the nearest swnmer. O herw se, the
unmat ched blob will be added to the list of newly appearing swinmers if
the syst ewomnerges to track 17 WO 02/ 097758 PCT/ SG2/ 0010%®Ctrisson/omes a few
frames. If the new bl ob disappears after a few frames, then the new bl ob
will be considered as noise and will be dropped; 5 7. Feed the blob' s
information into a Kalman filter [3] to obtain the swinmer's predicted

attributes for the nex franme. On e SW r rre successfully tracked,
The ot oEheh BV R e ke FattE Ry Teate B DR SiE RS Al o T he

tracked swrEWEk$amEQr €BeR SWeNHBL, bvbt wplle @kt Kidhuties rare asexioiaet ed,
such as the spatial location of the centroid of the swi nmer, body
orientati oangndisiizee FreRPEAé tenporal sequence of these attributes,
other attributes such as the 15 rate of orientation change, noving
directions, notion symretry, regularity of notion, sudden change in

SW ngi ng patt eerdandewafieb'r ispphéopattecns ivdw lae Ketrainndgd.1tByr [(I3dar ni ng
the tenporal nodel of these attributes, the system w || _conpute an overal
score for é&cﬁb§ﬁﬂﬁnépetdegﬁﬁannQrfglﬁhgﬁh€¥%Fﬁg%5ﬁsn§€F i$ndF RS or at
risk of drewaiag (including cases of distress and early drowning). The
anal ysis process of the tenporal nodel is based on the optimal filtering
of past neasurenents. The state flow 25 di agram 700 of the detection of

ot o S LG LB s ATy s oty the

predoct ison rafe# her st imme madutd nd bl esxt dddts tlse idtustbvates of the
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 risk 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

18



using the rate of orientation change of the swinmmer's body as 30 an
exanple. A sanple plot 800 is shown in Figure 8. As can be seen, starting
from ar ouwo oenarmes 350, the body orientation of the sw mMmeCTEGANGESS much
faster and is irregular. The fast and irregular change in body orientation
serves as an 18 WO 02/ 097758 PCT/ SG02/ 00105 indication to the breach of
predictability of the swwnmng pattern. Figure 9 shows the rate of

ori entation change 900.. This ot S i 0, i sing the
fol | owi rfd‘%q%%%‘%}ut% g )br:ea}CpAm%J? ?%‘?lsc‘?%ﬂp?@ge‘{f I%{t%@“&%or al

T-1 wi ndovtteNceridiers & esiofwordrentad i oo £ hangentod0i ds dreames 30BN a
preset threshold, the systemw || not be able to accuratel predi ct the
body oriTertatR At i nes iR IR WS WIS %Ldlﬁzéé%u?}éehe%rlﬁ]slo efore, a

breach of pedictability of the swinmng pattern is detected in this case,
and beconks one possi bl e good indicator of an abnormal condition. The
occurrence ofrseveral abnormal conditions together would be a good

i ndi cation of E}Bis-vw.mfrer at risk of drowning. 15 The extraction of relevant

!

features and“4their interpretation s nost cruycial for automatic detection
of sW mw’is(%f at Figk of "&e&Eniing s ?ﬁ@sé’rfeé&ttuﬁ@élgérheoafn YeRB6-PAnt aspect of
this invention and besides the rate of change of orientation 900 20

descri bedirabovve, other features will now be described in nore detail: a)

forvard (ipti ony, Of  1Ne s IR« 25 i nAtdd 1 A & SOnsigler Sedap i mer to be
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.

The extraction of relevant features and their interpretation

is most crucial for automatic detection of swimmers at risk

of drowning. These features are 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:
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condition if the swmer is not noving forward but there 1is detected
novenment of the arns. This attribute is characterized by the spati al

| ocat i on wbD oehg776entroi d of the swi mer not changi ng bey@ad/S&opp@set
boundary, given 30 by: 19 WO 02/097758 PCT/ SG2/00105 11 - vp 11 5 D mn ,
where vc= spatial |ocation of centroid at current frame vp = spati al

| ocation of centroid at previous frane 5 vi = {xi,yi} , with the x, vy
coordi nates in the imge Brai n = threshold of the change to consider as
not nmoving forward. The r be of Vet FoR winl | %P®BSbe considered. An

abnormal 10 condition arises if the notion slows to alnost a halt. b)
posture of the swi mmer, whether upright or just slightly |eaning; 15 This
attribute consi<depstaagwilonariba bé crnaropdt ent icaldrgnabrformel condition if

t he posture of the body is upright. This is characterized t he maj or
axis of the %l [i pR8t660 t8°863° ePﬁgc€§P§'trP&81I 3 PELYLE S0 tbr%/‘?&etl cal . 20 c)

si zegof the swi mmer’ s, body \ahqve Hdhe Wt efcortiisatald ripwee consjders a
swinmmer to be’in a potentially abnormal condition if the size of the body,
25 i ncl usi ve f» theheadhalsatef §heotchansiertged s IdRr Attt NV ¥EHuci ng

or that incr 1se irl’(lj size is not detected for a period of time. This
feature can be “¢Haracterized by the change in the area of the best-fit

The rate of motion will also be considered. An abnormal

10 . 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

20



ellipse 600 to 603. 30 d) path of the swi mrer's novenent;

This attribute

considers a swmer to be in a 20 WO 02/ 097758 PCT/ S@&2/ 00105 potentially
abnor mal worudiopizesr if there is a significant change in treTs@Ebotilaken by
the swmer as predicted fromthe past franmes. if the body is in an
upright position, the path to be checked could include up-down 5 novenent.
The path can be obtained fromthe plot of the centroid over tinme. The best

fit curve of the r'?l Othgl ves the path taken b})_lt%lgeeﬁé\é\%g}’r?e{

devi ation of PAESIPEEhTY sFRBRHTAL GORAANYR"

d.th
s SR E S he

presence of a-dghecthomPopitn 4O} PPLERE SYIWRLFYa9fptbgisweaner; This
attribute considers a swmer to be in a potentially abnormal condition if
the notion offrée Q%e shwevefraees. nbf Showesy bynhetay. uphigkanpl e in

which this rjbu c b t.ai ' i vi di RQ. ' into two
al ong the najaéésﬁt%('gsﬁbfa?%egaeﬂ?i%QS%O%Q?%X%%S%%%%%#?ﬁ% o} e_%#‘p{l he
i mages al ong ridweeraens. alite caniutean tihe aordtad i Droh 2fhdep Weenof hehéwo. | f

t he value of the 20 correlatjon is s en there isn't

1, th
the notion ofSeHer S MEf:r F)MGeriRlikRey %‘rt repest abt | Fi§

ch s%/rmetry of
% H&tEH® mrer

s novement patd 54k n 20 KdH S AtdHd DL BnkOPSA AT Sh& S B of L Pehd a

potentially abnormal condition if the notion of the

path is seen as a change in the best fit curve or the

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 meotion 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 1if 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
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swi nmer does not show any periodic or repeatable pattern. An exanple where
this attribute can be obtained 30 is by normalizing the i mage extracted
fromthe weakndi7Tss el | i pse 600 to 603 and then conputi ng tPoE/SGILSE0S
correlation [2] of these images over different frames. |If the value of the
correlation is smaller than a 21 WD 02/ 097758 PCT/ S&2/ 00105 predeterm ned
threshol d, then no repeatability of the m)tion is detected. g) ripple

pattern in the s rroundl n rea ,of SW nmer ute consi ders
a swimer to PR TPHen %?ﬁ*gp]a notrk}%T Tondi ?ao#l?lflﬁ)é pple

surroundi ng gde; S arefetd St e violent than normal. This attribute 10 is
characterized by the overall brightness of the water surrounding the
swinmer. If the overall brightness increases beyond a certain threshold

Over the aysrade:phiel NG LRLET 1ol RER @9@%%%%&%4 3 ecqnsi dered present.

15 In all t Icators, the presence of “several abnor mal

condist i ons stvagekhler will serve as an |nd| cation of a swwmer at risk of
drowni ng. For exanple, one of the considerations is that if the body
orientation is vertical and there is no forward notion and that the notion

i s not symretsGalat dem 20 ddie iRy dusimernsidenad @t 41 sk of drowning.
Once such condition is detected, the person in charge will be alerted and

the video si grelerts land adimnasi giraldiTiepre orfe ddysordinRyl e t9HEIEtHes of the
Sw mrer w | | t%n made avralllzﬁg%gr&gquoh ntp%_rhsa%nr{ makiar gﬁ'ﬂl% Ielble[éhOWS

t he overal | processwsmfnfeow pr op ose system™ Summari zing, this
i nveption desity idies-aait saxliciet \bys Udle b:a&adall brlghtness 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 In 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 be 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
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met hod and system for early drowning detection system In this invention,
a nunber of caneras 100, 200, 201 are 30 nounted on top of a swi nm ng pool
101. Theswoarmer7as 100, 200, 201 are used to nonitor sw MPEESGRMOAe pool
101 together with the aid of an array of m crophones 103. Simlarly, the
m crophone array 103 is nmounted above the 22 WO 02/ 097758 PCT/ SG02/ 00105
water to cover the entire swimm ng pool 101. Based on the notion and
activit f the sw mer_ detect. I t vi-deo r 0Q,,200, 201,
t he smﬁﬁﬁgFl $O SR o i§%%g%§o%§fgggppyggﬁ% ﬁggd.%%ﬁgﬁﬁé%}gﬁﬁfed vi deo
anal ysi so% 1ionc laude s uididiyng ft heevisstiaherackgreatrd mdelugsf tthee pool 101,
detecting the presence of sw mmers :J}gl the nonitored areas 106, estimting

the nunBédesr cemiedRerdOingilde £Re - MHFi S8rETSE ed fO8 AT E ki t he

swi mer 3, 20d202LY31,Ng Lhe Rehaghen ahireaghdd 36ked SMaTRRYid N terns of
body 10 orientation, noving direction and notion patterns. In addition,

t he 9 ciophodesabuay diog itdedepkopedbeekgirekngp mogigdi @ fsitdrsalreolos

originating fromdistress calls. syst tects . resence of a
pot ent i gpqdr Fﬁg,lngot%ﬁe @irgﬁgpcgg%atﬁ?f?f)mgl%asr%. \(/%\n%lel %ﬁgl;t%t%ie\%at ed to draw
the 15 attest i10®,0kstheapengonnennohdege offoswfiviieher ieeniier i on  and i f
necessary to provide necessary followup rescue actjions. 23 WO 02/ 097758
PCT/ SQ0PPoatoser; sregf 108F efEREE1EPgREC1601T1GES carferRaL¥FE"GWithfi ng pool

5 102 CRARULSLy of each tracked swimmer in terms of body

10 orientation, moving direction and motion patterns. In
addition, the microphone array 103 is deployed to pick up
audio signals 104 originating from distress calls. Once the
system detects the presence of a potential drowning, both
visual and audio alarms will be activated to draw the

15 attention of the person in charge for further confirmation
and if necessary to provide necessary follow-up rescue

actions.
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103 m crophone 104 audio signal 105 video signal 106 nonitored area of
interest 10 200 video canera 201 video canera 300 histogram 400

backgr ourogeess 401 segnentation 15 402 3D scatter pl ot PCIBGoRHOILE ti ne
series 501 second tine series 600 best-fit ellipse 601 best-fit ellipse
20 602 best-fit ellipse 603 best-fit ellipse 700 state flow diagram 800
sanple plot 900 plot show ng the rate of orientation change 25 1000
overal | proces flé)w 24 WO 02/ 097758 References PCT/ SG2/00105 1. Yizong
Cheng, "NEdn CSfrsﬂrfet CNBHE seellthg and dustering, " | EEE Transactions on
Pattern Analysis and 5 Machine Intelligence, Vol. 17, No. 8., 1995, pp.
790-799. 2. Anil K. Jain, "Fundanmentals of Digital |nage Processing",
Prenti ce 34l Ividegggamera3. Yaakov Bar- Shal om & Xi ao-Rong Li, Estination and
Tr acki ng:lﬁrisr&piirmi%sg p'lé%clhni gues and Software" Artech House,

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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1993. is 25 WD 02/097758 PCT/ S&2/00105 Cains 1. A nmethod for nonitoring a
swi mm ng pool (101) to indicate a risk of drowning of swmers, the nethod
5 conpri swog2/0vaks ng a plurality of subsequent imges of @&CTG0L/0010HQ
region (106) at |east partly containing a water surface of water contained
in the swimmng pool (101) by neans of a canmera (100) outside the water at
a plurality of 10 predeterm ned subsequent nonents in tine, in each imge,
detecting . the . presence of swimmer image portions each of which shows a

swi nmer present in the inmage, processing each detected sw mMmer i nmage
portion, so as to assign to the respective swimer image portion a 15
characteristic two-dipensi ongl geo ri.cal fiqure erein__the geonetrica
figure c%ara%%é???escﬁ?ngeas?MS%% gg%ﬁéfric&Pgeat§?%g&P8, §88i gning to each
geonet rigplsEigurg, & figHee peshtheviont the geedeirhi pahllkgyr eandwherein
the figure position 20 corresponds to a position of the detected sw mer

i magé pdatchonei Anthéligages, f¥plat 1V eal®- ofe paPP:oPPtwdo8ubgequent

imges, i.e. of a presently processed present image and a previously
processed previous inmage, conparing values of at |east one 25 out of the
figure positi®nl and Fhen at " Feasinomea jeonet Pigatal atmagbubPeoods s hegpr esent
image to that of the previous inage, so as to detect a change in the
figure pPOSFRYHFRE %%bhet}?%%i attribute of the present imge as conpared to
t he previous

10 3. Yaakov Bar-Shalom & Xiao-Rong Li, Estimation and

Tracking: Principles, Techniques and Software" Artech House,

1993.
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i mge, 30 based on the detected change in the figure position/ geonetrical
attribute of the subsequent inages, assigning to the correspondi ng sw nmer
ei t her a woom9d71iss condition indicating that there is a ripsh/SGo2/driosni ng of
the swimer or 26 WO 02/ 097758 PCT/ SG02/ 00105 a safe condition indicating
that there is no risk of drowning of the swimer, and outputting an out put
signal if a drowing conditionis assigned to the swmrer. 5 2. The net hod
according,to claiml1l, wherein the at |least one geonetrical attribute
conpri ses at"feast one attribute out of: a two-di nensional area of the
geonetrical figure 10 corresponding to an area of the corresponding

sw mrer's bod visible to the canera (100), a shape of the geonetrica
figure cbrres%dﬁ@ﬁ?@ﬁt%P%wWO%&ﬁﬁ%&ﬁ%Bﬁes%bﬂ@bﬁg BPOt hel @bt r 8 pondi ng

swimer’ s, body, (Visible Lo §P6CaNET & (10%me L8, aPLOr hephabi on of an axis

of the geonetrica Igure, corresponding to an orientation of an axis of
t he 5corcesponslimg: swimer's body visible to the canera (100), a | ength of

an axis of the geonetrical figure orresponding to a_.l ength. i dt h of
t he correspontd?]%g“gz?) %Jg\f ]r%é Do ?es(?%%éttjomg% S e arg?rijo%fy\%%d a
symret ryrﬁ%ﬂ@%t [ 006 Pf 2t hecgeonBirt Tal cdhOuiging. a Thet 8Bt hedraceosti ng to

claim1, erein the characteristic two-di nensjional geonetrical 25 figure
is a bestater ePnipteeqd 6D §Re 6OSYTBINQPRAL al EOht Ry means of a

camera (100) outside the water at a plurality of
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 based 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
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of the respec
m nor axi s an

tive swinmer image portion is approximted, a mpjor axis, a
d a centroid (center) of the best- fit ellipse (600 to 603)

are adj uswed2twe7best approxi mate said contour of the sw maarsGo30us The

net hod accord

ing to claim3, wherein the at | east one geonetrical

attribute conprises at |east one attribute out of: 27 WO 02/097758

PCT/ SG02/ 0010
orientation

orient atal osna O? ?(ﬁe m nor axis o

5 an area of the best-fit ellipse (600 to 603), an.

[ {QR L B Sl dgebesiclile o4 ! R8% 1 (P01 R: 0] nsa"

e best 0Oto

| engt h off tihee Ny ofimexj sared the best-fit ellipse (600 to 603), a length of

the m nor axi

s of the best-fit ellipse (600 to 603y, 10 a symetry of the

swi mrer' s boBHEREI BN 1300 (HE Rt R 00) i FHPW B RO S 11 mif or axi s

of the b‘fssél—iﬂ

visible to t
ellipse 15 (

idqeld iPhse s f9kto 603), and a symetry of the swinmer's body
e canera (100) with respect to the mnor axis of the best-fit

600 to 603). 5. The nethod according to claim1l, further

conpri sing: or each jmage, f.orm.n bi nary of the i e erein
each det®ct ejr%%r?ﬁ%&l’oci RS %1rr;[q otncgicglarlgfo?le’sewﬁegrae]b@ trhzeo %?ﬁllégﬁ/g]ght ed
bl ob in drhe dudastyr e anck mhere rednier said ace 1édmgeonordtonbste

r epr esent ed bly dark regions in the binary map.

out o

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 geometricail

25 figure is a best-fit ellipse (600 to 603) by which a contour

of the 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:
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6. The method according to claim1, 25 wherein the inmages are video franes
taken over a predetermned length of tinme by neans of a video canera
(100). 7.wohe/omashod according to claim1l, wherein 30 a mpCiTrsgGoyediosi ty of
the figure position corresponding to a noving velocity of corresponding
swinmer is determned fromthe detected change in the figure position and
28 WD 02/ 097758 PCT/ S@&2/ 00105 a possi ble drowning condition is assigned to

the swimer if noving velocit .t f.i gure it jS |l ower than a

pr edet er mi ned " hfViFiy eltg‘cel ?ﬂf%th_%fels%%el&”%%&(e?ﬁi tr?e%bojcf ‘according to claim
2, wherein a 43055 i drieMidm wendidican d:a sassi gned dasd-he tswlinerse i f t he
orientation of the axis of the swmer's body is vertical for a
predet er BHed 4@ Rin nunber out of a predeternined total number of

subsequent inpges .Qr,hat, L he 10d 3o Lhangs ¢hd he Qriment aliond000) is
hi gher than a predeterm ned threshold for the rate of orientation change
(900p. 9(60thecaredddd according to claim 2, wherein 15 a possi bl e drowni ng

condition is assigned to the swinmer . if det ect ar of th
geonetrical i § qfO\Eéke P " é"xﬁrseﬁ’eft }e%?’rﬁ E}ee&ccé a5 teﬁLﬁéL S AP a
predet erdd ngh)certain “nunber out of a predeterm ned total nunber of
subsequent inages. 20 10. The nethod accordi ng}i to claim1, wherein a

novenent patl# dfendid ffgihe posion axicorfedpondiasd tidt & lidwarent®99at h of
t he cor rteos%qj'gi ng swi mer is determ ned

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
to a moving velocity of corresponding swimmer is determined

from the detected change in the figure position and
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fromthe detected change in the figure position of a 25 plurality of
subsequent inmages and a possible drowning condition is assigned to the

swi nmer WD oz2lg7780venent path of the figure position showecCatSGdozasvs one
deviation froman expected normal feature obtained by predicting the
novenent path. 30 11. The nethod according. to claim1l, wherein a novenent
periodicity of the geonetrical figure corresponding to a novenent

periodicity of correspondi ng.29 WD 02/.097758 PCT/.SX02/0010 smﬁnqg; S
det er ni ned fraorﬂc’tsl‘?el%ieet & O@’gll@ﬁaﬁﬁé‘dlzlﬁ“’[%e ' gure IBesi S o5m:'anS or At | east

one geongt midalnAtddlidautts off aheplfurgdrid yoafi sidys etwiendwé fragesn and/ or
repeatabl e pattern of the swmrer's body visible to the canera (100) and 5
a dr owninF§ Mlined e vAds) §id@idn HO LSRGkt i f the novenent
periodicity of the figure position shows at |east one predeterm ned
abnormal feature. 12. The nmethod according to claim1, further conprising:
10. assisgni n@hteo meatihvdgearetrdical tioi gure m Zsumteuredimg area of the

geonetrical figure corresponding to an .area of water  surrqunding the
cor r espondi n§ g\ﬁisrﬁé&? FFQYRL S99 PRGN O he Ss AT s droviihg et i on i f

the surrroundi RG iaMea Shows rat neeast 0T prRdelemrdied abnof med 15
feature. 13. The nethod according to claim1, further conprising | abeling

each asyiegnddagedmat i ealedeftieglviecds ¢ edd alg digtiaigwish fi 5 er ent
underly S R Bt £2Q 14 nufBe Bt A RCCRIANG Ry & Al s f urdher

conprisin
10 rate of change of the orientation (900) is higher than a
predetermined threshold for the rate of orientation change

(900) .

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 is determined
from the detected change in the figure position of 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
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counting the nunber of assigned geonetrical figures. 15. The net hod
according to claiml1, 25 wherein a present assigned geonetrical figure of a
present iwage/pwsassigned to a predeterm ned swi mmer, and PCEIs&E02001058
subsequent assigned geonetrical figure of a subsequent inmage is assigned
to the identical predetermned swimer if the figure position of the
subsequent assigned 30 geonetrical figure is sufficiently close to the

T e e T
wher ei n phei pt ededed nonedt sSiwaserons geenedriocahavettebatetb& aonitoring

region if, for a predeterm ned nunber of ubsequent | es, . ho_supsequent
%f g q

assi gnedP Heoret tY o ??Qﬁﬁ%@e%év}W@P%Pf?@_ R pbSPERb i RACFSTRuPFicient |y
cl ose t o ftd1es:pi fRE F LS POREN, Ngi £ {191K e poshd | Omefat hE0 G ESPEGti ve present
assi gned geonetrical figure can be found., 17. The nethod according to claim
1, férther conpiicimigng provdidi yep al el ghebalo sthe i siieeer nbdetNdf the

swi nming 10 pool (101)..the I tatistjcal | _co Lsing at

| east a hate e%%ré%%% %%ﬁ%?ygﬁggig%efﬁi*f% éﬁéf%%gﬁalggggd%g f%%%?ein

det ect i nghd herpaesencenad sywhoresl i fegeuporti ons conprises: by processing
of the inmage, generating a current global 15 statistical nodel, the
current gl obal statistical nodel conprising at |east a water surface nodel

charact efj zi ngh & n SHI PG IRIE PAS IO GONP | Sl Ahd hee sl ef s siy face and,
if at least one swnmer is present in the inage, at |east one =~ sw mrer

nmodél char actasrdimgmigraattd emsth areomati tieratert igmge 206 poreuotitbnprési ng at
| east Oqgfsgﬂgnggdmetrical figure corresponding to an area of water
surrounding the corresponding swimmer, and

assigning to the swimmer a drowning condition if the
surrouﬁding 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 gecmetrical figures.
15. The method according to claim 1,

25 wherein a present assigned geometrical figure of a

present image is 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,

30



identifying the at | east one swi nmer nodel by a conparison of the current
gl obal statistical nodel to the gauge global statistical nobdel, so as to
detect thwompresEsce of at | east one swimmer inmage porti o®CTAG0180103he
met hod according to claim 17, wherein the gauge global statistical nodel
is generated froma previously processed imge. 30 19. The nethod
according to claim 17, wherein the gauge global statistical nodel is

generated frao j e take { SW, o) ) nt{ akpi ng
- sai rmer s T 0T R S DD 0 et et hod hatar e bg to
clai m 17;hé undhetocompriegingn ifpdats ng phedgoegei gtobalmiséat o§ti cal nodel

by the current global statistical nodel, ignoring the sw me del if any
i s presetPSEIVANt THRRGRI hJP SRVEOTHHY oagTh‘?’h‘?‘gﬂe%ﬁ?@ﬁa;ng{)gﬂ??ace

i mage pogi{ony hase @bl Yodidibn average & Suffacee£0l orcppsdet s ahel east
one swimmer image portion has nmainly or in average a swi nmmer color, and 10
wher &i n ¢dver gemerdt i of igfutcheoqf idbadn sehatike | casraodere RBHAPERSes: for a

predeterm ned plurality .of nonents o t ubsequent nmonents in tine,
convert i%sgSJr%’é%%cﬁ(\)/%ef%rla%a e%rle urseonéegrl1 %%epﬁ?%rtl%' a color-distribution in a
four-di nmensi onal 15 col or space spanned up by three primary colors and an

bri ghtness, wherein any surface inmage portion js converted . into a surface

cluster Feprddentiaigiache ipHey ol &rlaidhd - wHEretTr oy Tii? | mage
portion is, comvertedd d A SMIMBatistical model of the swimming

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, 1if at
least one swimmer is present in the image, at least one
swimmer model characterizing at least cne 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.
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cluster representing the swi mrer color, 20 the converting of the inage
being perfornmed by generating a histogram (300) of the inmage in each of

t he threwopriosEss col ors, wherein each histogram (300) ipadisGat/e®os he
frequency distribution of the i mage of the sw mm ng pool (101) in the
respective primary color, and 25 the brightness at each point in said color
space being equal to a distance conputed fromthe three frequencies of

occurre in.the thre i : r g e [ j 30 22. The
met hod %Og'or 31; hneg ’?eotmc?dgi %Cfnf%{%vbr?gﬁéeolo n&t %lem dllt Q’t afn‘g%&errge%s%(?neppllo i'a‘ﬁ(':rz)grr'put ed
using the Eugldsliiany ditsd ajmeye I M2 DA Q077581 ROT/nGEdP] 0 0Eh€23. The

met hod according to claim?2l, wherein the color space is the R@& col or
space. ZMITEE rEtIRAL st di o BT ﬁ?nwgiW? he" toior mc%‘g(;sjpace i's
the HSV colgr, Spage.cLne The method according to claim2l, wherein the at
| east oOne Swi rmer I mge portion is detected in that the sw mer color
devi ates fromthe surface color. 10 26. The nethod according to claim 21,

further Zflﬁnpr' sin :q}boaqssaif&géél r;tcgg teoaccihaqieor’ie}ri cal figure a surrounding
‘e éb%é‘%ér a e

area of rresponcﬁl ng to an area of water

surroundi ng tfies 0T espondidTh &M ifefe @t icn assd gmd gl ot hien swi mrer a
drowni ng condition if the surrounding area shows a color which is
suf fi ci ee5RI9iF fRHEMCY rom e s Thfera ol 97 S AN ST S HSTE sUf39Ti ent 1 y

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
subsequent 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 cclor 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 1is computed using the

Fuclidian distance.
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different fromthe surface color. 20 27. The nethod according to claim 21,
further conprising: after detecting the presence of sw nmer inage portions
in a preswoto2ioomge and before detecting the presence of POTreRGER/OIINRgE
portions in a subsequent image, updating 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 21, wherei 0.1, el ecting of.d ho s mer mdel s performed 30 by
conputing a f? erence nmeasur e between the current global statistical

nodel and t hevigatgien glrabalolstratdpstdecals midelRGB whelreei rsdaee swi nmer nodel i s
identified if the difference neasure is larger than a predeterm ned

di fference threshold. 33 WD 02/097758 PCT/ S&2/ 00105 29. The net hod

accor di ng t 0 ¢|AixBRed WIS dhaSididiar i1y, eaRswie itheamused using the
nor mal i zed Mahal anobi s di stance.” 5 30. The net hod according to claim 21,
wher &i n spgwece negesharlS Wikl f rase + aken over a predeternined | ength of
time by neans of a video canera (100) and wherein a sequence of several
subsequent video franes is 10 used in generating the respective color

di stributy on.7rEl.meA sy taetadreri mprid arliangn @ 1swi wine ngipoohe (401)eathe

system conprising: at |east one canera (100), being installed for taking a
15 pl ur 1% B RSRgee St RP GO ord r?getre&g‘i l(fm%)atatt*}eefs%lm‘?)%frt |y

contai ni g & Walela By facs ahaahgrrLantaingd in the

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 model,
wherein the swimmer model is identified if the difference

measure is larger than a predetermined difference threshold.
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swi mm ng pool (101) at a plurality of subsequent nmonents in time, the
canera (100) further being installed outside the water, and 20 a conputer
(102) beiwg eoopted to the canera (100) to receive an i mega/Scakenoby t he
canera (100) and being installed to process the imge, wherein the
conputer (102) conprises: a nmeans for detecting the presence of sw mrer

i mge 25 portions each of which shows a swi mrer present in the imge,
processi ng each detected swi mer inmage portion, so as to assign to the
respective swi mrer inage portion a characteristic two-dinmensional

geonet rizal fligunetnehereidbrdiie geonstgincas fi gure characteri zes at |east
one geonetrical 30 attribute, a nmeans for assignin each onetrical

; to
figure a fi gm%fedésitth%rﬁléfi]{%t@’eﬁl?ésﬁ%llsfi‘ﬁiﬁ?@%%éjrse]irhgt S figure 34
VO 02/ 03‘707%1%%05%a0l%1@%g%5@1responds to a position of the

detected swnmer image portion in the inmage, a neans for conparing, for at
| easb one pair of two subsequent inmages, i.e. of a presently processed

present 5 inmage and a previousl rooccglssed Hr evi ous i mage, val ues of at
| east on out' 16 NG € 50d1% i%h “arfd ™t He ‘at | east one georetri cal

attribute of frhedresent iMREs taad hatdeef fihene Previcatsvigmge, so as to
detect a change in the figure position/ geonetrical, attribute of t(?

present HIRfE AiITG L dfpetied Gfo HIRE PeRiUs iHade,V H SRR or &8s )Sni ng
to the cory %ﬁpe%%“% S ao{UtEﬁcBa Jased, on it he et aated changer dandde i gure

posi ti on/ geo rical ute of the subsequent 1 mages, either a
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 subsesquent 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
25 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 the geometrical figure, wherein the figure
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drowning condition indicating that there is a risk of 15 drowning of the
swimer or a safe condition indicating that there is no risk of drowning
of the swwomeng77and a nmeans for outputting an output si gn@CTiSGo2/00105 0wni ng
condition is assigned to the swnmer. 20 32. The system according to claim
31, further conprising a display nmeans being coupled to the conputer (102)
for displaying a display signal which is dependent on the output signal.

25 33. Thes Syt e SELOL 0k MEks 110 Cd 3hdBd 825 oheF et e tdher &b spd aywiRaes is an
al arm neans and wherein the display signal is a signal which is suited for

drivi ng indee adparmioreahs. tI30 B¥gThe system according to claim32, wherein
the display neans jis comput er i rein the dis ignal is
ol P Ao T COOr e it

a signal which is SNTET for e conmputer nmonitor. 35
WO 02/ 09517158 6T SQR4 4,05 35. dhen gysé s ialoe e ded ghaeserdd, wherein a
plurality of caneras (100, 200, ZOI%ai%s rovided as the at Ieastfone
camePa (HORIe 20 DoAYV IR PraC Efﬂfjcfg‘f%‘flaf"(slo’é‘}a%'o,vaz]dﬁsi% ifst al | ed

for taking & pbag alid Yoot AdTBOES SoPIedat efdh natk sub-1egi o the
moni toring region at subsequent” nmonents in tinme, wherein inages of
di f f er erge subt 1 Bp brest wrdoutakent hhalidfesant ireegereas §1100,02000 201). 10

06, The Sy SCEOI L O F 12 el ) Al Sl L on partly

position/ geometrical attribute of the present image as

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 subsequent 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 which 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 menitor and
wherein the display signal is a signal which is suited for

being displayed on the computer monitor.
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15 further conprising at |east one m crophone (103) for detecting sounds
such as distress calls fromswimers. 38. A systemfor nonitoring a

SW nmmi ng wook/0¢784), the system conprising: 20 at | east @oa/scamerias (100)
being installed for taking a plurality of inmages of a nonitoring region
(106) at least partly containing a water surface of water contained in the
swi mm ng pool (101) at a plurality of subsequent nonents in tinme, the
canmera (100) further being installed outside the 25 water, and a conputer
(102) being coupled to the canera (100) to receive an imge taken by the
camera (A90) Tl destepn deserding t@ prkabesslihe i mage, wherein the

conputer (102 conpri ses:. . n e i he sence of sw nmer
i mge porti o‘%%ere%l i o‘fef%‘??,lglh&é %ﬁ/sé%&%/\?%néf&%’r S%Oeén’t %dél){fhlegi mage,

pr ocessigitpeiaddd ded echeda s danet dm@ageamerd i ON00 S02@s, t D01 pssvigaréont he
respective sw nmer i rrﬁ(ge portion a 36 WO 02/097758 PCT/ SG02/ 00105

char act e‘?ei%*?i‘éa‘f‘%b@ df hehsi oHA ?g%)ne)c?ijc%?tﬂjg?ﬁefoﬁm‘é?]é’r%g £he geonetri cal
figure charact &y 286 Ahad&astsr AN HeMMBI FhCRla AR Liden GeMBRRS for

assigning to each geonetrical figure a 5 figure position of the
geonet r incatifogure, radicrrei at theofequent pozieioh tortaspondsetdia position

of the detected L.er_image portion in the imge . feans_for conparing,
for at Ilé%%qeson%fs‘é%aﬁr%?%lfeqtb\osqﬁ%u sequent® T T S ?O%dajo#? EPhe

sequent” T hages, esently
processeathpgEesent1d®, immge 2d) a previously processed previous image,

val ues of at
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 the 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
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| east one out of the figure position and the at | east one geonetrical
attribute of the present image to that of the previous inmage, so as to
detect a wbanger7s the figure position/ geonetrical attriPeaissoohoivhe
present inage as 15 conpared to the previous inage, a neans for assigning
to the corresponding swimrer, based on the detected change in the figure
position/ geonetrical attribute of the subsequent inages, either a

dr owni ng.,condi { &%ﬂir@!&@éiﬁgnémoﬁiﬁrfedﬁe@ﬁéf £f 5120 dreweiagn of the
swimmer or a safe condition indicating that there is no risk of drowning
of the swiemprqmeind calrebinsuforciangttedigeambutepst stemadedmrer 1er bwni ng
condition is, assigned to the swimer, 25 wherein the nmeans for detecting

t he presaeWcrel%‘ftes'wi nmer image portions conprises: a neans for generating a

gl obal statistic nDERIans MM adsdkern igrage eacts i@fcaga: nearls fioyust ari ng
gl obal statistic 30 nodels, and a conparison neans for 'COW” ng a current
gl obll Ghauismesifddel al QARG oL SHHY%R i WhRdRD et 15T %t or ed

I the sior] ng.mans o 374 02f OTISR ACT S02/00105 A% T [Ridiod

accordi ng ther conprising the step of differentiating a
swi mmer ifraoye rogppdiesn dm tdiee simdgEce  of the water based on contrast

information. 5 40. The system accordi %g ;[&0 cl acl Tr?,l or_ 38, further
conpri si ng means PofSERFF éPentGCRERAd Y st tér BT iPP 68 ot heé'Sur f ace

of the vaiychased afont riasd. i of Mtdhtly processed present
10 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
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 i1s 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 is

stored in the storing means.

37



10 38

10

WO 02/097758 PCT/SG02/00105

39. The method according to claim 1, further comprising the
step of differentiating a swimmer from ripples on the surface

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.
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