WO 2009/126116PCT/SG2009/000133 1 SYSTEM AND METHOD FOR MONITORING WATER
QUALITY FIELD OF INVENTION 5 The present invention relates generally to a system and
method for monitoring water quality. BACKGROUND 10 In water treatment and supply, it may be
desirable, e.gwonsegusstydeasons, to regularly monitor the water for contapaingtiomo@naanethod that
is rapidly gaining prominence in such drinking water security applications comprises the use of living
organisms or enzymatic reactions as toxicity indicatprs. By monitoring adverse 15 biological effects on
test organisms, it is possible to confirm the presence of toxins in the water supply prior to performing
further analysis to determine the exact nature of the threat. The key advantages of using
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plant. There are several 20different organisms that can be used to monitor for toxicity including e.qg.
bacteria, invertebrates and fish. In early systems, such monitoring of the status of the test
organisms is carried out by human inspectors. It has been noted that manual monitoring
round-the-clodkife-R5IE dB{UENEIE@NUbject to error since human alertness may degrade after a
prolongedgeriod, while periodic monitoring does not provide real-time information for appropriate

responses. A COMPUIGL.ViSQOSYSIEMIBGY REMAC,SHIAP 1B s Sjligionas Ieumechige can
provide constant monitoring.over a long period of time at the same level of performance. 30 In one
prior art approBtia B MEMs used to visually monitor the movements of the fish. A behavioral

model based on a set of statistical distributions of pre-selected movement parameters is computed as

a time functiong { B @RBJAREN ‘ .
10
in water treatment and supply, it may be desirable, e.g. for security reasons,
to fegu[arly monitor the water for contamination. One method that is rapidly gaining
prominence in such drinking water security applications comprises the use of living
organisms or enzymatic reactions as toxicity indicators. By monitoring adverse
15  biological effects on test organisms, it is possible to confirm the presence of toxins in
the water supply prior to kperforming further analysis to determine the exact nature of the
threat. The key advantages of using bio-monitoring are its rapid response and its ability
to be used at critical locations, such as at the downstream of a water distribution system,
prior to biological processing in a waste-water treatment plant. There are several
20 | different organisms that can be used to monitor for toxicity including e.g. bacteria,
invertebrates and fish.

in early systems, such monitoring of the status of the test organisms is carried
out by human inspectors. It has been noted that manual monitoring round-the-clock is
25 tedious and subject to error since human alertness may degrade after a prolonged
period, while periodic monitoring does not provide reai-time information for appropriate
responses. A computer vision system may be more suitable lin this situation as the
machine can provide constant monitoring over a long period of time at the same level of
performance.
30
In one prior art approach, a videc caméra is used to visually monitor the
movements of the fish. A behavioral model based on a set of statistical distributions of

pre-selected movement parameters is computed as a time function. The approach



WO 2009/126116PCT/SG2009/000133 2 further comprises comparing observed movement statistical
distribution with a set of prediction parameters, and generating a warning message when the fish’
observed movements do not correspond to prediction parameters. However, as the prediction
parameters argglependeant on the previously observed behavior, this approachdaaydQlphe
responsive to situations subject to different types of fish and different contaminant exposures that have
not been observed and recorded in the historical database. In another prior art approach, a
monitoring area is divided into a plurality of small blécks (i.e. sensing points) in rows and columns and
the luminance value of each block 10 is checked to determine whether the block is occupied by a fish
or not. The bldeissheiprgrsiseapieanayiofiefsamnethpnnsnt staiaticah datipgisbmishastoff pattern may
be performed by gatieH| airgnibrBuaiIcEadalaled hlasksy mevngspaed, eie. dstthisapaach, the
fish tank needs 1o e AIds 10 - AHRP L LAAAIIRABERIULLLL (R RE NSOMAINEA.ARR ish. AS a

result, the action pattern may not ccurate as 15compared to a natural setting in which a plurality of
fish may swimPRIAGBiHR" JeRANGRR SRitIMGeYasin, RrRarr IrReues thiR BB FTNESARnt tank
having a stibstantisibpmsivecuy wiickkioranslbjeatdiniiticeepl Uyatity f fhamd viffereohirostaminatitected
toward the frotside-af the 1Rk e bias Raplidnrieiiord oy the tanathapastdisight of 20 the tank.

The system measures behavioral parameters such as speed, behaviors (e.g. in terms of height in tank,
turns and circular motion), size and number of active fish. Toxicity is measured as global statistics of
these behavioral parlnaeesisr PriswadepaRacty SEIATECHM ise BoFdder B8 cerigivg of #ndltuations
where one fishviscpartially=asifiglyoks)inated byooawnmare fish pasitonedheastedothiedamera. As

the analyss otfigh. 25 ActitLISRa3RdAY HeRpdRiRR RiRlSFS Alie-RABlY e Madbedngonclusive in

instances with just one or two dead fish. In addition, due to the ver¥ narrow width, it is not a natural

_ dead fish )
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be detected apertahéishyesidtikgra thseuthenf3epartndpesasimyinatepagdaliiz-moriiiering system
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the fish. AposhisrPaigAt & Teimiertinbimplieh Foiusiie el iR maY fIER &85 Fattern of the fish,

which is then compared with a fish abnormal actional pattern stored in advance to check whether the

actional pattern obsegyed ds ARANEMALRRNQatdoWENRIdikenIBGADY Y. ARBFEACRSR faGHumber of fish
being monitored is limjted, and the actional tE)attern ma n?&b gc(é:u ate as comé)are t0.a natural
pﬁyura és t

setting in whicRULTRAEG B R WY SRR G Crﬁfe RS 6 TS o0

S 10 provide a system
and method fotomaditbeifigwaide olibktiatat eclik targrididesiglined sy dhe lorgHran dwrigpreblems.

20 the tank. The system measures behavioral parameters such as speed, behaviors (e.g. in
terms of heigh;f in tank, turns and circular motion), size and number of active fish.
Toxicity is measured as global statistics of these behavioral parameters. However, the
system is not able 1o resolve occlusions, i.e. situations where one figh is partially or fully
cbstructed by one or more fish positiohed nearer to the camera. As the analysis of fish

25  activity is based on g!oba! motion statistics, the analysis may be inconciusive in
instances with just one or two dead fish. In addition, due to the very narrow width, it is
not a natural setting for keeping the fish. This could lead to the fish not being able to

move sufficiently fast, thus may be detected as dead fish, resulling in false alarms.

30 _ Another existing water quality monitoring system comprises a receiving tank and
a monitoring tank, which may have up to two sections, each containing one fish. A
picture sighal from a video camera positioned at one side of the monitering tank is
inputted into a fish detecting sensor where the picture signal is processed fo

continuously detect the position of the fish. A position signal is fed into a computer for



SUMMARY In accordance with a first aspect of the present invention there is provided a system for
monitoring water quality, the system comprising a container for receiving a flow of water to be
monitored, the container containing a plurality of fish and configured such that a substantially
3-dimensional group behaviour of the fish is accommodated; a first imaging device disposed above the
container for obtaining top view video data of the fih; and means for identifying individual fish based
on foreground object detection; wherein the means for identifying individual fish is arranged for

resolving clustriefrireoreURtPRIGREem ofM@ysmmmayémmp@@mms@ asﬁmﬁm'imaging device
disposed on 3. sidepTilig coniae s aNANK URIde MRIRATRE LAkhO R Rser i System may

further comprise a confinement structure In said container, the COI’] inement structure

comprising a %Bgfﬁ}?ﬂlﬁTy%nﬁﬁWSMErpémgﬁ@Q%i?féPa@?&k?ﬁﬁoﬁﬁ’uﬁljrﬂg?g"fl% RGN Y9vherein said
confinement stioaitorediss dimiedsiam théoaciooehpatedatingy thet bebstaurtdd|pS ammensiolrad group

behaviour of thstuﬁ%hseumghemem@maé{ﬁw Braxbespafignredgishghat it approximates a field of
view of said first imaging device. The perimeter wall may be substantially translucent. 4 A portion

of the perimeter wall facing said second imaging device may be substantially transparent, while a
remaining portion ofAtiegskiiereferaeyisis SuBLMAGAlyYFEaTRIaee methodTRe BeptMiegaRtStructure may

further comprigeafitghstastiatly apage Aoyves veatien«istpnsesrdélemeer the substantially transparent
portion of the perimeter wall for reducing reflection of the fish in said top view video data. The
system may further comprise a lighting apparatus configured to provide substantially even background
light for the first imaging device. The lighting apparatus may comprise a light source disposed
underneath th8WdntaRer and means for diffusing light from the light source disposed between the light
source and the container. The system may be configured to minimize external Iight from entering

the system during operation ﬂ?lv{ﬂ% clustere fore ound ob ctsg{u? com performlng
5

hierarchical k-mean cﬂ?&’éﬂﬁ@o?o t?gPS‘f’ efli E)"é%g néé%\f? §quo 4 %llhouette
map of the topyismifeagwaitankwpier @ialitydde syseny @ messkpasesiaine Fﬁfrfﬁﬁ@mn@alldlty score

for fitting the kanusaber ahellinsastonearbridobhe cohbneysiemaininyg farpreatgnaprise seans for
Qetermining 2 DUIRELOLNACHE [30nstaliif PEARR ISIBIELMINNGNS BUIIHaRg dtactive foh

extracts one of m afures o a group consistin atiory of entr0|d ientation and size,
rate of orientafi6rPENERERIC TGN d??@atr@ndsm‘}%%%ﬂa?ﬁg BPRYSHBIT 1R rRIRS: MiAGIAHATSh is inactive.

top view video data of the fish; and means for identifying individual fish based on
foreground object detection; wherein the means for identifying individual fish is
arranged for resolving clustered foreground objects.

The system may further comprise a second imaging device disposed on a
side of the container for obtaining side view video data of the fish.

The system may further comprise a confinement structure disposed within
said container, the confinement structure comprising a substantially continuous
perimeter wall for accommodating the fish therein, wherein said confinement
structure is dimensioned for accommodating the substantially 3-dimensionail group
behaviour of the fish.

The perimeter wall may be configured such that it approximates a field of
view of said first imaging device.

The perimeter wall may be substantially translucent.



The system may further comprise a communication device for sending an alarm signal, the alarm
signal being generated if the number of inactive fish exceeds a second threshold after the stimulus has
been applied. The stimulus may comprise a sound. The system may further comprise means to
determine an activity level of the plurality of fish as a group behaviour, the activity level being
determined based on one or more of a group consgisting of overall group speed, motion trajectory and
randomness measure. The system may further comprise means to determine a group distribution

of the fish as a groupgeefiavisiuihe pedietsy siamaBay fuileiconipiteymeansite deigrodne a social
interaction of {fi.leh 45 & roup ReNaylpyt. the.sacialinteragtion beingd delsmiged,bsed on one or
more of a group cons_|si}fng oFtevel of prOX|m|ty_ﬁ1att e fish are swimming to one another, number of
clusters form@&dPBiptialisFraRd @dhinance of these clusters. In accordance with a second aspect
of the present invention there is provided a method of monitoring water quality, the method comprising

the steps of receiviggoA-dngh ghierianiie mapiaiRe BrmsaalshdarEAPERgLEealaining a pluraliy
of fish and configured such that a substantially 3-dimensional %rou[)_wkgierz?ztwour of the fish is

accommodatBRSREHRRESE eV i o HRERo A FpsRaRy, RIRFATE KB ased on
foreground objectdetiogtiefiestine refithiel §aitifyisgithidiidel figkocdatiprises resolving clustered
foreground objects. The method may further comprise performing hierarchical k-means clustering

to fit k-number of ell{lges%%lpto eachfgggtllggous blob iy Silhouett m?géﬁl}‘ﬁthe(%qg view Jmage data,

k=1, 2, 3,...; determinihg R BESTRbALeF oRoa Minimau \}gﬁcﬁﬁp gcore fﬁa he Fl’(-%vl'fjrr{?ber of ellipses

to each blob. substamiiaiiy ewesd>askgrautadobbieidhe drapplomincistifilus to the fish if a number of
inactive fish exceeds a first threshold to reduce false alarms. WO m9/126116PCT/SG2009/000133 6

The method may \uhergompdss-iater i N B RCtl yeyshRb R LAkl ispr.e aroup

behaviour, the activity le g determined based on one or more of a group consisting of overall
group speed, SHGaEITRE s aa SRR freadhfdiat sourR $FRARSd RENYFERARSG comprise
determining dighospuedistebd tion airtherdish as a group behaviour. The method may further
comprise determining a social interaction of the fish 10 as a group behaviour, the social interaction

being determined based on one or more of a gr consisting of leyel roximity that the fish are
swimming to one arﬁ}%éxste&m may be confrlgugeg "f:lg minimize &%rnaY‘?ng{ rom en% ring tth:a
system during operation.

Resolving clustered foreground objects may comprise performing hierarchical
k-means clustering to fit k-number of ellipses into each contiguous blob in a
silhouetie map of the top view image data, k=1, 2, 3,...; determining a best & based
on a minimum validity score for fitting the k-number of ellipses to each biob.

The system may further comprise means for determining a number of
inactive fish.

The means for determining the number of inactive fish exiracts one or more
features of a group consisting of location of centroid, body orientation and size, rate
of orientation change, moving direction and regularity of motion for determining if a

fish is inactive.

The system may further comprise means for applying a stimulus to the fish if
the number of inactive fish exceeds a first threshoid to reduce false alarms.



number of clusters formed by the fish and dominance of these clusters. 15 BRIEF DESCRIPTION OF
THE DRAWINGS Embodiments of the invention will be better understood and readily apparent to
one of ordinary skill in the art from the following wrijten description, by way of example only, and in
conjunction with the drawings, in which: Figure 1(a) is a perspective view of a system for

monitoring water quglity Qe 9 AR APIR SBMERL OV A 5 A taparOf the systern

of Figure 1(a). Figure 1(c) Is a side view of the system of Figure 1(a). Figure 1(d) Is a’‘front view of the

system of F.g%J?é”iﬁég” 0 ’ﬁﬁwg‘fcﬁf‘@@?'gﬂ&ﬁ”@%%ﬁetm%ﬁ{&ﬁﬁﬁ MEHIREERRTR structure for
use in the systegvofd-igueshbi@aitaV/ D282 ACRET ISHRONI/000133 7 Figure 3(a) shows a
top view of a monitoring area using a rectangular confinement structure having a transparent side face
according to an example_ em odlment 5 ure 3(b) shows a side view of a monitoring area using
a rectangular conflawﬂﬁ(és}{w&f’ﬁc?m%%a\ﬁﬁ Sarent side face according to an example
embodiment. 10Figure 3(c) is a perspective view of the confinement structure of Figure 3(a) that has

been modified to miniwiggwefestipruaneotdingriscansaxemplrembasinertivity Idugusetrdd) is a top
view of a moniforing arsRiSINg PS ERUEMENLRY UEIKE UJIBUE P RkehRined based on
one or more of a group consisting of overall group speed, motion frajeciory and
randomness measure. '

The system may further comprise means to determine a group distribution of
the fish as a group behaviour.

The system may further comprise means 1o determine a social interaction of
the fish as a group behaviour, the social inferaction being determined based on one
or more of a group consisting of ievel of proximity that the fish are swimming to one
another, number of clusters formed by the fish and dominance of these clusters.

In accordance with a second aspect of the present invention there is provided
a method of monitoring water quality, the method comprising the steps of receiving a
flow of water fo be monitored in a container, the container containing a piurality of
fish and configured such that a substantially 3-dimensional group behaviour of the
fish is accommodated; obtaining fop view video dafa of the fish; and identifying
individual fish based on foreground object detection; wherein identifying individual
fish comprises resolving clustered foreground objects.

The method may further comprise performing hierarchical k-means clustering to
fit k-number of ellipses into each contiguous blob in a silhouette map of the top
view image data, k=1, 2, 3,...; determining a best k based on a minimum validity

score for fitting the k-number of ellipses to each blob.

The method may further comprise applying a stimulus fo the fish if a number
of inactive fish exceeds a first threshold to reduce false alarms.



Figure 4 shows results of foreground object detection over an extended period according to an
example embodiment. Figures 5(a)-5(d) show diagrams illustrating steps in a blob splitting
process 20 according to an example embodiment. Figure 6(a) shows results of the counting
method accor#ifigttrarseiample embodiment at various frames. 25Figure BIB)SHEWWE¢ Bart
comparing performance of the counting method according to an example embodiment with a
conventional method of counting number of blobs. Figure 7 shows a block diagram illustrating
a method for analysing activity of test 300rganisms?or triggering an alert to an operator according to

an example embodiment. WO 2009/126116PCT/SG2009/000133 8. ..  Figure.9 s gyyﬁ' ages
obtained at different PIRtEBoEraAY MRPGar INE S5 ESRTRAING ?Sr%cg'r‘éﬁn’ V(?gt%?étglgrgl resu'#:and

number of inactivierotgamisrspcosimeiduadberdiptyity e RainplSXpBHHMBAESSFGUTEE £0(a) and

10(b) show graphs qucgm&%@ivgogg@(@@ sehoglspeedrovpr absud, 2660 framjestagcarting to an
example embodiment. Figures 11(a) and (b) show comparative motion trajectories of the fish
between Fram@SOB15RTEFSHIE 2,250 of Figure 10. 10 Figures 11(c) and (d) show comparative

motion trafectories of the fish between Frame 19,751 and Frame 20,000 of Figure 10. Figures

12(a) and (b) show graphs:efpmpafativer ramopise estmessgregoverdgribetiad it B00 frames of

Figure 10. as & group behaviour.

The method may further comprise determining a social interaction of the fish
10  as a group behaviour, the social interaction being determined based on cne or more
of a group consisting of level of proximity that the fish are swimming to one anocther,

number of clusters formed by the fish and dominance of these clusters.

15 BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will be betier understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of

example only, and in conjunction with the drawings, in which:

20
Figure 1(a) is a perspective view of a system for monitoring water quality
according to an example embodiment.
Figure 1(b) is a top view of the system of Figure 1(a).
25
Figure 1(¢) is a side view of the system of Figure 1(a).
Figure 1(d) is a front view of the system of Figure 1{a).
30 Figures 2(a)-2(c) show example embadiments of a confinement structure for

use in the system of Figure 1(a).

Figures 2(d)-2(f) show top views of a monitoring area using the confinement

structure of Figures 2(a)-2(c) respectively.



Figure 13 shows a top view of the confinement structure illustrating a centre monitoring region
according to an example embodiment. 20Figures 14(a) and 14(b) show graphs of comparative
probability of avoidance behaviour over a period of about 20,000 frames according to an example
embodiment. wo Jigurssid5(a) shows a top view of the monitoring area of the/sonfwenesy structure
with one cluster of fish fitted according to an example embodiment. 25 Figure 15(b) shows the
same top view as Figure 15(a) with two clusters of fish fitted according to an example embodiment.
Figures 16(a) and 16(b) show graphs of comparativg size of majority cluster data 30 over a period of
about 20,000 frames according to an example embodiment. WO 2009/126116PCT/SG2009/000133 9
DETAILED DESCRIPTION Some portions of the description which follows are explicitly or
implicitly presented imtpid e algeritas:end kuactid rahessymilp wee presgntatierisrafroperations
on data within g, compIEr Csme Hise 2laarilimie-esadtass aes incional saploli

representations are the means used by those skilled in the data processing arts to convey most
effectively the LUBSEARESTof their work to others skilled in the art. An algorithm is here, and generally,
conceived&o be a self-consistent sequence of steps leading to a desired result. The steps are those
r(_aquiring physical m@}?&k@@%}s%ﬁfspbﬁi@hﬁ&@n&iﬁsm&bme&e&ﬁiaﬁhgﬂ@g@m@@p“ca‘
signals capable of belng stored, ransiared: sambinedcompased: and gienyis raaspyioted

Unless specifi@%%‘fﬁfe ot erwise, and-as appa rom the following, it'will be appreciated that
throughout thespreadmasBecification, discussions utilizing terms such as 15 "computing”, "detecting",

"determining”, "counting”, "generating", "initializing", "outputting", or the like, refer to the action and

processegpf a Complé@.ﬁréyﬂa% orsimlanelecleonis davisshinahaesindalescarg ranstorms data
represented as physical quantities within the computer s ste intto glt‘heexragna a %m&%ﬁhﬁ égpresented as
physical quanttfiEsRRIFEHE RBRRSURIYINER S A X '

u
{81} OrciDy,
r O? er Wﬁ%rmat?on storage, transmission or

Figure 3(d) is a top view of a monitoring area using the confinement structure
of Figure 3(c).
15 ‘
Figure 4 shows resulis of foreground object detection over an extended

period accerding to an exampie embodiment.

Figures 5(a)-5(d) show diagrams Hlustrating steps in a blob splitting process

20 according to an example embodiment.

Figure 6(a) shows results of the counting method according to an example

embodiment at various frames.

25 Figure 8(b) shows a chart comparing performance of the counting methed
according to an example embodiment with a conventional method of counting number of
blobs.

Figure 7 shows a biock diagram illustrating a method for analysing activity of test

30 organisms forntéiggefing an alert to an operator according to an example embodiment.

Figure 8 is a schematic diagram of a computer system according to an example

embodiment.



20display devices. The present specification also discloses apparatus for performing the
operations of the methods. Such apparatus may be specially constructed for the required purposes, or
may comprise a general purpose computer or other device selectively activated or 25 reconfigured by
a computer pragyamestayad in the computer. The algorithms and displays presgnrigadaiaiss are not
inherently related to any particular computer or other apparatus. Various general purpose machines
may be used with programs in accordance with the teachings herein. Alternatively, the construction of
more specialized apparatus to perform the requireoBmethod steps may be appropriate. The structure of
a 30 conventional general purpose computer will appear from the description below. In addition,
the present specificationalSo shuiritygrt 88eiad singlilereptorain, fYehdnt WEhiE bd Spparent to
the person skillegldepbneigtrthairtaad ndividical rstafs afdmemiethodrdeses begktiersironatede put into
_effect by comp%tt%rrﬁgg% JAj&aWﬁe%W%Q&ELGPCT/SG2009/0001_33 10 computer program IS not
intended to be limited™to any particular programming language and implementation thereof. It will be
appreciated that a variety of programming languages and coding thereof may be used to implement
the teachisgs of the Higatesuféet@nthitite) bowigravarobvermpaEshiyatal progrhtRaeheXshtended to
be limited to anyLpastigwaxrRatkekilawg Thereampmampedmentariants of the computer program,
which can use different control flows without departing from the spirit or scope of the invention.
Furthermore, one or moré of the steps of the computer program may be performed in. parallel rather
than sequentially. SutEUEEEHHBLRIC IR G TREV TN o *‘i’bf%eﬁff?{l%?ﬁﬂ?ﬁén’jﬁﬁeﬁa "medium.
The computer regdableomasirramead, 250loidegstertilye devices such as magnetic or optical disks,
memory chips, or other storage devices suitable for interfacing with a general purpose computer. The
computer readable medium may also include a hard-wired medjum such ifled.in the Internet
system, or wireless &G @dghaag gﬂesﬁllcpvﬁﬁgg' i fﬁ%}gedg?\t),%é’gfe %]g%%iﬁgil%%%ng{gﬁ%me
computer progFaama/h@idbacedramnd 2%8808F8WsGEh a general-purpose computer effectively results
in an apparatus that implements the steps of the preferred method. The method and system of the
example embodiment cag, be I8, a.AUUISH HSIRY ANBonFerAUsaliusGaun in Figure
8. It may be |mplement%d 5s 20 softw e, suc% as a computer program being executed within the .
computer $ystéhe 8bet2APMIAMaRR] B Sfputer system 800 to conduct the method of the example
embodiment. ' :

Figure 13 shows a top view of the confinement structure illustrating a centre

monitoring region according to an exampie embadiment.

20 Figures 14(a) and 14(b) show graphs of comparative probability of avoidance
behaviour over a petiod of about 20,000 frames according to an exampie embodiment.

Figures 15(a) shows a top view of the monitoring area of the confinement
structure with one cluster of fish fitted according to an example embodiment.

25
Figure 15(b) shows the same top view as Figure 15(a) with two clusters of fish

fitied according to an example embadiment.

Figures 16(a) and 16(b) show graphs of comparative size of majority cluster data

30 over a period of about 20,000 frames according to an example embodiment.



The computer system 800 comprises a computer module 802, input modules 25 such as a keyboard
804 and mouse 806 and a plurality of output devices such as a display 808, and printer 810. The
computer module 802 is connected to a computer network 812 via a suitable transceiver device 814,
to enable accB$s29%1gpie Internet or other 30 network systems such as POE&ICAYEIMNad ork (LAN)
or Wide Area Network (WAN). The computer module 802 in the example includes a processor 818,
a Random Access Memory (RAM) 820 and a Read . Only Memory (ROM) 822. The computer module
802 also includes a number of Input/Output (I/0O) interfaces, for WO
2009/126116PCT/SG2009/000133 11 example I/O interface 824 to the display 808, and /O interface
826 to the ke%ﬁ?ﬂ-ﬁ@@ESCRﬁE(@@mponenm of the computer module 802 typically communicate
via an 5 interconnected bus 828 and in a manner known to the person skilled in the relevant art.

The application progyan issiisalesuRpligestashmusarcal tipesmpatexsisigno8@mintpded on a
data storage medium such as a CD-ROM,or flash, 1 ry. I d Wi
correspondinggﬁﬁ?gtg?or'ggéeﬁw“esdiﬁm%QR/%ho "2 gta%@?ggg d%ﬁ/?ég%a@ T%ﬁ?a%n%frogram is

830.
read and GontroREidnsite e dsEatUENSY IEPFIBERSSRTONS. TRt aR S5 RSS9 data maybe
accomplishedysifighRAMs§RBoIEMhtbsefetencats Figuesd (Epd () frosy sidiedlitdhaisiftoring water

quality according 1o an, example fRPRIINanLIR e s iDadtArs erhdiGRDISaRard sRMBloBUre unit 2
divided into a top section 3, a middle section 4, a }owermr:rrl&gdéet S ctiogeg, anﬂs%g,‘oggau%r?(’eection 6. The
entire system H%isy e 2SR &Ry 8’6%?5&8% t 5PE0RNE t from entering it, thereby

rEvent any g)_&ernéfﬁa N ent
ensuring consisteepdiactipmierridaghtdgehil EhestapteisdhersrearEREPRETRIHIFYPLGHaRoNs. Means

of ventilafign (gofSRRuINd BAKEE BlieMidedi@babla-anyticoiraiptvithsigtizts systasie Ditodegdissipated.
Such means of ventlaon nclude if a1t fans. £ Whish shokd aibadae properly covered to prevent

external light fPERIE tering theé system e top section 3 houses a top imaging device 7, e.g. a
surveillance camera, an automatic food dispenser, a mixing chamber and the inlet pipe (not shown)
that supplies water figiess Sputifealjcaednthimeise, AcastnniralFaotiminrmstrdtiie 9 (to be

described in d%&%ﬂe@ﬁ@&v}ﬂg‘t %?W@t%@ﬁe%t%@tﬁ@ﬁfeﬁ,i&m@foﬁ sepagtertiesuch as ..
15 *computing”, ‘“detecting”, ‘“determining’, “counting”, “generating’, ‘initiafizing”,
“sutputting”, or the like, refer to the action and processes of a computer system, or
similar electronic device, that manipulates and transforms data represented as physical
quantities within the computer system into other data simiiarly represented as physical
quantities within the computer system or other information storage, fransmission or

20  display devices.

The present specification also discloses apparatus for performing the operations
of the methods. Such apparatus may be specially constructed for the required purposes,
or may comprise a general purpose computer or other device selectively activated or

25  reconfigured by a computer program stored in the computer, The algorthms and
displays presented herein are not inherently related to any particular computer or other
apparatus. Various general purpose machines may be used with programs in
accordance with the teachings herein. Alternatively, the construction of more specialized
apparatus to perform the required method steps may be appropriate. The structure of a

30 conventional general purpose computer will appear from the description below.

In addition, the present specification also implicitly discloses a computer
program, in that it would be apparent to the person skilled in the art that the individual
steps of the method described herein may be put into effect by computer code. The



aqguatic organisms from accessories such as air stones, filter, thermostats, etc that are 30 commonly
found in aquariums but may not be relevant and indeed obstructive to the monitoring system of the
example embodiment. A plurality of fish to be monitored are provided within the confinement structure
9. The confinemeatistreciisre 9 comprises a substantially continuous perimetarsgatickoracsommodating
the fish therein, wherein and is dimensioned for accommodating a substantially 3-dimensional group
WO 2009/126116PCT/SG2009/000133 12 behaviour of the fish. In addition, a plurality of ventilation
holes (not shown) are provided on the confinement Sructure 9 to allow water, but not the fish, to pass
through. The location of the automatic food dispenser is chosen such that any food dispensed will fall

within the confiFsraeist Bteaeatvis 9 iiardea fRadiBitga iMsARY RAHCHAFPHRETEMMIBSIZRI%AYS chamber
and inlet pipe Gaa bejesaieernywbers. withinithe teppeetiton hats dongriasythéymiogrstmibstruct the

view of the topxér@gﬂlg%g& dey i&&a%@{&%ﬂ#ﬁ%@t}@ 00t Shewekis-AlsoREeNidad-for earudRE-a continuous

flow of water durifing monitoring. The top imaging device 7 may be adjysted qving_ it physically or
by adjusting itsCRSTRTeT Eﬁrﬁ’(ﬁ*r%q@%\oi@b %ﬁ@vﬁ%?‘% %B’ﬁﬁ??é%éﬁ%{?ﬁed%‘?é @T% o"%g%?%ﬁ%ehavior of
the fish 10thereuaithiter contbhéomidtiersectioredyioibepurbasts febihetseoner RRIRs#EHSh 5 by

means of a seRarAles dferEhec-SARAMRINS Minsei\RpaA6ma iohtHiimeiagieyentreisesgiight from
entering the confinement structure area from below. It can be made of e.g. a large piece 15 of fight

diffuser, or constructed using two pieces of acrylic sheet with a piece of semitransparent paper

sandwiched betweenRHERTTHR CBRtAREPY s HidhBsHaRT fichidaBrR i GFPE 3R TE% SN top of the
separator 10. Apvspeakerid pdsbbpisadradjacquirtiatn Sxtbraabigsteobtheraontsnée 8ttwegrovide

stimulus, ¢od. a.sound IR coRlimhsth arasktionardishis- setingier dearHodks dirsussed in detail

below). 20 A side imaging device 11 is mounte a§ .s%de of tk})e e cil-%suorre(%harrldstigrgaeoable of
capturing the sRIFIABWBE R TR BRATIFENE CoRiiRBITENE STUCHITED THEDRYsicCaT location and lens of
the side imagindpdesicaitableder tedafinadise geaciat FERPST VBRMERSVERS BXBRIGH BTa¥RPBonfinement

structure 9 belqysfpagr SbTaRRIGENS lawekidd Miskilie sertionsSehatisifza lightidaetastwhich can
be consiructed ¢, by ysing INoresggpce iaes, IR IR ey HRISSCRIER HbSsdisnd i

dependent on e SIZ e container 8,"and the n r of such tubes required is dependent on the

surface arkh of e JETRYIPTEBE HUWRABaYEhAY STRELPI IHER P ST SHE RGBT RS Feet, two
fluorescence tusiesihile rgdlitiirosfesppamyub éhasiechidrhentsctte atese ofithe eretamérbmethod.

The method and system of the example embodiment can be implemented on

a computer system 800, schematically shown in Figure 8. it may be implemented as

20  software, such as a computer program being executed within the computer system
800, and instructing the computer system 800 to conduct the method of the example

embodiment,

The computer system 800 comprises a computer module 802, input modules
25  such as a keyboard 804 and mouse 806 and a piurality of output devices such as a

display 808, and printer 810.

The computer module 802 is connected to a computer network 812 via a
suitable transceiver device 814, to enable access to e.g. the Internet or other
30  network systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The computer module 802 in the example includes a processor 818, a
Random Access Memory (RAM) 820 and a Read Only Memory (ROM) 822. The
computer medule 8C2 also includes a number of Input/Output (I/0) interfaces, for



30used to house various power switches, and as a place for storage. The enclosure unit 2 may be
mounted on wheels, rollers, or any similar mechanism for ease of relocation. WO
2009/126116PCT/SG20091000133 13 images captured by the top imaging device 7 provide as much
detail as possiie:fey/gistigguishing relevant features, while allowing for some-agisstinsnbse.g-
focusing. Figures 2(a)-2(c) show example embodiments of the confinement structure. Figures 2(d)-2(f)
show top views of a monitoring area (as may be observed from the top 5 imaging device 7) using the
confinement structures of Figures 2(a)-2(c), respeciﬂ/ely. The confinement structure is preferably
made from a translucent material, e.g. matt clear acrylic, such that inner surfaces are matted or treated
in a similar maxaepi® fedotsstacsy Fistdatile daeaiciv®iand fiShiviefaesiSREriafmtedanrdne
embodiment wih a rectangular-shaped confinement structure 13 (Figure 2(a)), due to perspective, the
view 10 observed by the top imaging device 7 is limited by the boundary at the top of the confinement

structure 13, as shown in Figure 2(d), and the fish may appear relatively small. . _
The components of the computer module 802 typically communicate via an

5 interconnected bus 828 and in a manner known to the person skilled in the relevant
arl.

The application program is typically supplied fo the user of the computer

system 800 encoded on a data storage medium such as a CO-ROM or flash

10  memory carrier and read utifising a corresponding data storage medium drive of a

data storage device 830. The application program is read and controlled in its

execution by the processor 818. Intermediate storage of program data maybe
accomplished using RAM 820,

15 With reference to Figures 1{(a)-1(d), a system 1 for monitoring water guality
according to an example embodiment is described. System 1 comprises an enclosure
unit 2 divided into a top section 3, a middie section 4, a lower middte section 5, and a
bottom section 6; The entire system 1 may be covered during operation to prevent any
external fight from entering it, thereby ensuring consistent background lighting that is

20 independent of external lighting conditions. Means of ventilation (not shown) may be
provided to enable any hot air within the system 1 to be dissipated. Such means of
veniilation include air vent, fans, etc., which should also be properly covered to prevent
external light from entering the system 1.

25 The top section 3 houses a top imaging device 7, e.g. a surveillance camera, an
automatic food dispenser, a mixing chamber and the inlet pipe (not shown) that supplies
water from a source into a container 8. A customizable confinement structure 9 (fo be
described in detail below) is disposed within the container 8 in order to separate the
aquatic organisms from accessories such as air siones, filter, thermostats, etc that are

30 commonly found in aquariums but may not be relevant and indeed obstructive to the
monitoring system of the example embodiment. A plurality of fish to be menitored are
provided within the confinement structure 8. The confinement structure 8 comptises a
substanﬁaily continuous perimeter wall for accommaodating the fish therein, wherein

and is dimensioned for accommodating a substantially 3-dimensicnal group



In some situations, it is preferable to observe the fish at a higher detail level. 15 Figures 2(b) shows a
confinement structure 15 having its sides disposed at a small angle to a vertical direction, while Figure
2(c) shows a confinement structure 14 having its sides disposed at a larger angle to the vertical
direction. Bot@gpfimtiant structures approximate a field of view of the inragisgdevioeiz; with
confinement structure 14 being identical to the filed of view for a particular static set-up. As can be
seen from Figures 202(e) and 2(1) respectively, the1 effect of perspective is largely eliminated in both
cases. The top imaging device 7 is able to zoom in and the fish 22 appear larger as compared to the
view in Figure 2(d), hence more details can be observed. In addition, while the confinement structure
14 is ideal in PRAAYRIY tAE HiRyHfistt detadddival & RiyEifksthaeilstiocgh AEifR AiiBhSRe 3Ehs, location
of the top imagitde \igenhé, canfiiercéreatiinmechtca28ieirueterchsides  tetdiste togiass dimstaght. As such,

confinement stuGue: I5MAY Aeaene Rl Bgisier astalawessiohtAdisineptsdascamera lens,
camera positign, and is therefore a more erX|bée d n. In embodiments in \%?egréb thrgge top
C

nd s
imaging devicg 7'4Rg'tHE Mﬂ%ﬁﬁ?ﬁétWH%%ucé‘ﬁglt PURY AUISTR &k Onfinelnent structure
directly inffrorniginheheiibansagdimpdenicean badsatetoapprnarsyirenthiiotheesiive hesdaig device 11 to
see the fish. Iasueh emhedivspnisina RecIGHAEENEGRE SN TG euast S\ RS siiguye 2(a) may

be preferred as the. confi t St res in Eigur - Ut incdistorted images
captured by si etc;?lsrrr'i}aggri?l\}gila %g]v%ee?iﬂﬁ%g Z%J(g’g%ggl ﬁgqglcoﬁrjg%é%)o%&g% (ﬁ%ﬁs& é‘l%b!waéiségée 3(Ia) shows

a top view of LRGBS BN Ry 3iHstRd rRyLIaP Eh iRl resrée Al Y rdiistingy s 88 Yarent side
face according=etaine xatvp ideanald daneenfinénmmtes 8 (io)ush Awsr aosideving Wwabkeanohiterirsd area using a
rectangu{gr 5 gRpfingmment structure having a transparent side face according to an example
embodiment. As shown Figure 3(a), since the side face 18 is transparent, reflections 30 may be seen
by the top imaging device 7, potentially misleading the system into overestimating the number of fish
within the confinemettestrigciarectnm this straratRehcradhsHewat Mmiddigurectyn)> RvmeReeaba is seen by
the side imagiggpgleriea d. Iraineepthetd 01 saBingssidifacafuase 1 atirdm xteserigrtiapove.

Fiaure 3(c) s g parsPaRMSMIRNOL LR SaRnem Ao S IFSh Egg{a%é@etg.ag A pea modified to

minimize reflection according to an example embodiment. Figure 3(d) is a top view of the monitoring

area using the’boeRTHER SF GRRFFIEPY S ENgMe RiEFSh Sha s AT eiB GuRRER O 8B tions can be
minimized by tikirgarahy thedraaspenbat diewéacahd#s dar benteder & ondiFigese B(b) sidddace 20 of

confinement siuugtive AuiscdisRAsed atae analads toeyepisrboiediga hRlisGhesa t that of the
viewing angle of the t%%ém? in%odn?v.ice g.tln additior%? an opague covey 1c@nq¥np%k%%ced at the top of
i .

the confineme%t%rt?ﬁic re .%romaﬁghre %F&S’,V 5?%asn uéugé(%‘ tRat 20 reflections are ammost

completely elifigiatssy felin wetiag prasatdte rdivresprdibfeRibralsvtiment, the features of the
opaque caver 21 may be employed with a confinement structure 14 or 15 (Figure 2), to maintain an

approximation of theﬁﬁ%%’a‘éﬁ?ﬁ& @E&E@ PR mounted at a side of the enclosure 2 and is capable

of capturing the side view of the fish within the confinement structure 9. The physical

location and lens of the side imaging device 11 can be adjusted so that its field of view

covers a region of the confinement siructure 9 below the water surface. The lower

25  middle section § houses a light box 12, which can be constructed e.g. by using

flugrescence tubes. The length of the flucrescence tubes used is dependent on the size

of the container 8, and the number of such tubes required is dependent on the surface

area of the region to be illuminated. For a typical aguarium size of one foot by two fest,

two fluorescence fubes of length two feet may be used. The bottom section 6 can be

30 used to house various power switches, and as a place for storage. The enclosure unit 2
may be mounted on wheels, rollers, or any similar mechanism for ease of re}ocati'on.

Video data can be obtained from both the top imaging device 7 and the side
imaging device 11 (Figure 1(b}) in the example embodiment. It is desirable that



imaging device 7 (Figure 1b). 25The system for monitoring water quality further comprises a computer
system 800 as described above. Output from the top imaging device 7 is fed to the computer system
800 for further processing. System 1 further comprises communication and/or networking means to

send an alertygighalaRgl{ay video output to a remote location, e.g. to a moniteFjog.eificgs 14 should be
understood by a person skilled in the art that the 30 system also comprises miscellaneous

components such as a power supply, connecting cables, etc. for proper functioning. 15 objects, e.g.
fish, are detected based on background modeling Bhd subtraction. As appreciated by a person skilled
in the art, foreground in a scene is characterized by a relatively large deviation from background
statistics. In thegsasaplerentyotimentichging s viseht avkgrat mreh sleigd s £2BIR Rited at every
frame by companngsam CHIERaLTRAE¥YWiRrPasbiing Rackareuadjmpneit, Thg bckgirgind model

may be calibrated separately beforehand based..on a f e ithargleakaskground, i.e.
without any f@ﬁ?’f&%ﬁﬁ?&?fﬁ) AEYEraTY go%%%‘g‘ Sﬁtivlééué{r@ a%éﬁfgrﬁﬁm %gn&t and the, background
using a normaieffMetieataioobitedistaheMPaCERAM[5E é?ﬁ%?ﬁn?&n??geﬁ%i%é”gnt Stithate of the

similaritygvith-respg Gdach® 18ingapkgranmdrateveryqhizes, dfisitndeyistebresPraliis sufficiently
dissimilar from the bﬁn%@ggtus%ggp%% r%pegp?ﬁ%qamﬁms sannidereshadasearoundiobiest. A binary

map is then formea for the current ich regions correspandin e jects are
highlighted ageéBcHBICHR [T SHGEeHas MaEd ﬁ?%r%gﬁ%%\r}vg ?ﬁ%‘u ?smdgp E?@ér%geo%%&t detection
over an extendeshipsrieeationrdintp¢ofish cxantelcraRibsiREst. ThamsIEioed R mdiitofing in the
example emhagiment compriseARMh2R Seticttieweyeigitaatal besappresimebyrendeskilled in the

art that a different number of fish can also he used. Ion seskls alruRHOMS fsames, as shown
by differét tiﬁ%‘?ﬂ"gfk§’,yatrbéa (:t8ﬂs'fg?§rlﬁ%ﬁ%wt%ee§2§ @%&ﬁj ?ﬁ%ﬁér %f g‘%zpresent in5 h{avieq‘ugages

Tracking of eachfinsdierisiiustiject s B%ﬁB‘PWﬂeH‘@%&&%’ti%déh& PO RPSIE of T5e Te pecti.ve blob
to a projectedsggytroid established based on a history file. The projection of centroids is performed by
means of e.g. a Kalman filter or linear projection. 25In the next step of the monitoring process,

detected foreground objects are counted. Connected component INg s led,ineaRn example
embodiment to groufy 6@%%1%?9%@5%(?’8&5%?%}8 .8%?%%8”%%@%:38@%9 é%%%fel cénnec#ivity, for

object casntingguuspazs) Binets drommiihensaheidyrartSgimiignts siffe AisrasethGled & Blob is given a
unique identity, {R); FoyaRIREsSEanmeaFigRer (s wrbokcomplineitiemairbeuee finbele due to
occlusions, i.e. events where silhouette masks pLgsRJRMIRING SR ABERABAKREHRRsESUIting in
formation of offe 6‘19318?@’ contlguousg%Ic?bg such tehat foreground 0 |Jnects may b? Clux%t%“? 16
approximate a field of view of the imaging device 7, with confinement struciure e
identical to the filed of view for a particular static set-up. As can be seen from'Figuras
20  2(e) and 2(f) respectively, the effect of perspective is largely eliminated in both cases.
" The top imaging device 7 is able to zoom in and the fish 22 appear larger as compared
to the view in Figure 2(d), hence more details can be sbserved. In addition, while the
confinement structure 14 is ideal in providing the highest detail level, it requires that the
- specifications of the lens, location of the top imaging device 7, angle of confinement
25  structure sides, etc. remain constant. As such, confinement structure 15 may be
generally preferred as it allows slight adjustments to camera lens, camera position, and

is therefore a more fiexible design.

In embodiments in which both the top imaging device 7 and the side imaging

30 device 11 are used, a side face of the confinement structure directly in front of the side
imaging device 11 needs to be transparent for the side imaging device 11 to see the fish.

In such embodiments, a rectangular confinement structure as shown in Figure 2(a) may

be preferred as the confinement structures shown in Figures 2(b}-2(c) may result in

distorted images captured by side imaging device 11.



In the example embodiment, a blob splitting process is applied for resolving such occlusions. A blob is
defined as a contiguous group of foreground pixels in the example embodiment. For example, a large
blob may be observed when more than one fish come near to each other. The process according to

the example grpbgglinghids able to 5 split the blob into separate ellipses wheiesaghslipse
represents one fish. Further, in the example embodiment, a "large size' threshold may be applied to
remove very large blobs due to external subjects, e.g., a hand in the tank. Likewise, a "small size'
threshold may be applied to remove noise pixels. 1A silhouette map of a foreground object is viewed
as a cluster of labeled foreground pixels where clustering and model-fitting concepts are deployed. A
blob in frame t is denoted as Mi. Let 4 be a parameter vector characterizing an ellipse-shaped model

Lf;r goregrounclil . Tkﬁggfef;%b@(ﬁy iQHQW@;‘a&ﬁc_B{EOﬂ@ﬁB to ilentfytariset ofda gy smcrbctanghtalrfchis srl)lits Otlhe
ob into smaller ellipses, where each ellipse_repr. ts: : r ormulated to
maximize a ﬁSEfgﬁﬂ%Ej'v fH6ire §rad/ IH‘?aE Pga:f iﬁé%ﬁpngkﬁg?é%e%zgd%?mﬁm%% the -
goodness of émbrsigrets FISHEBEE RIEHERSIFDY TR H‘QB’I&?ﬁ‘BF’{) "EiNTRE fhaga Idtice space that
gives: 0 8 g_(_)@@hﬁ@éﬁaé’tgesthﬁitmlwdeﬁx@&ammmmmoh_s‘i@@rédcﬁ)@gwdm pkeés @éﬁ_"@ﬂ\’%_r background
pixels, and ||)ernqg%’|:m%9¥qigggm hetvees Anyihue wlinres shaped iedelsdtenteraedighwisibility of
each ellipse. %Léres 5 a)-5(d€ show iolla é@{nyllugg%%% a%% éﬁ@ﬁ@&&@“{%g fracess of the
example emb3diiRe ﬁ?\?ﬁﬁmﬁ% AT B OF The Ff)rocess, the blo IS "25 split into k smaller
blobs. Hierarekicatikhgribamsihastefifighivifardimeentremenit gt CohiRiSNG dBortiAktes of
foreground pigtglsn igtiherauhenefehiston aeniess be ke sidhencigsteriegisteld comprises minimizing

a function of spatial distances betw gluster.canigrs,and foreground pixels, the step may yield
cluster c@nter{gr%%'ﬂ‘\f} ra%g ?ge%g?e@%{g%tive cgntroids of k objects, i.e. fitting k ellipses centered at the

30obtained cluster centers. A Euclidean distance may be used in the initialization step, thus giving an
initial fitting with roundsbapedisno detsisagvas/sivowinthe FiRieesent sfructure of Figure 3(a)

that has been modified to minimize reflection according to an example embediment.
Figure 3(d) is a top view of the monitoring area using the confinement structure of
15  Figure 3(c). In the example embodiment, reflections can be minimized by tilting only
the transparent side face. As can be seen from Figure 3(c), side face 20 of confinement
structure 19 is disposed at an angle to the vertical direction that is close to that of the
viewing angle of the top imaging device 7. In addition, an opaque cover 21 may be
placed at the fop of the confinement structure 19. From Figure 3(d), it can be seen that
20 reflections are almost completely eliminated. it will be appreciated that in a preferred
smbodiment, the features of the opaque cover 21 may be employed with a confinement
structure 14 or 15 (Figure 2), to maintain an approximation of the field of view for the top

imaging device 7 (Figure 1b).

25 The system for monitoring water qguality further comprises a computer system
800 as described above. Output from the top imaging device 7 is fed to the computer
system 800 for further processing. System 1 further comprises communication andlor
networking means o send an alert signal and/or video output to a remote location, e.g.

. to a monitoring office. i should be understoocd by a person skilled in the art that the

30 system also comprises miscellaneous companents such as a power supply, connecting

* cables, etc. for proper functioning.

With various components of system 1 set up and connected, the monitoring can
be carried out automatically. In a first step of the monitoring process, foreground



17 With the obtained initial cluster centers, foreground pixels are classified and labelled to the
respective nearest cluster center. The ellipse-model fitting can be improved by using a criterion that a
Mahalanobis distance of a pixel to its nearest cluster 5 center is less than a threshold. In the example

embodimentyathsgsiglid yalue of 1.8 has been applied; however, it should begRnesiates that a
higher or lower value may be used, depending on e.g. how elongated the fish are expected to be. The

improved fitting in the form of elongated ellipses 504 are shown in Figure 5(b). 10In the next step of
the blob splitting process, a best combination of ellidses is formed. The step starts by incrementing the
value of k, which gives the number of ellipses to be formed. A recursive process is performed where

parameters ofdanbey flipses BelaiewoninyanshcRgiusierrio R gl latpal e khypotheses. A
validity score defined b ised on a I|k %@ ?h %I‘I r com nents of F; is then 15 computed
Mt LT TR T e S T O et

ellipse i in theRtbBRPIfaE é@ﬁ%%@%x@?@ﬁf@@%lﬁ@éﬁ%@@l Hadgenplensabastitirrellipse i may
shrink yvhile afingigelipsas:) tacksexpand, dheeeby-ge naraiing aanevegotatiendy tbediting aA likelihood
and pﬂO@Oﬂbﬂ%ﬁP?&H}@Mﬁ Vtﬁdé%g&g?&uﬁﬁ%&iéFVrﬁéWa&E{Fo% A h EFpLr- AP) Qi k

-1(3) 25where A¥ and Art give the baL%{%round and fo Vﬁround pixel counts within t e area defined
by 7: respectRAERS FERL TR HEGRRIAT pRREFE0atE Within 3Rk BRePEpThg iPed o &lipse i and
other elllpsesb%kdf@mwesj thewiimibernsf B8jechs sirtlpgty measure is computed between an

incoming frame and the background using a normalized Mahalanobis distance in an
example embodiment to provide an estimste of the similarity with respect to the

10  background at every pixel. Thus, if 2 region of an image is sufficiently dissimilar from the
background model, the regions may be considered a foreground object. A binary map is
then formed for the current frame, in which regions corresponding to foreground objects
are highlighted as motion blobs (.e. silhouetteé). '

15 Figure 4 shows results of foreground object detection over an extended
period according to an example embodiment. The fish used for monitoring in the
example embodiment comprise about 20 fish. However, it would be appreciated by
one skilled in the art that a different number of fish can also be used. The detection
results at various frames, as shown by different time marks, are consistent with the

20  actual number of fish present in the images. Tracking of each individual object is
performed by associating 3 cumrent centroid of the respective blob to a projected centroid
established based on a history file. The projection of centroids is performed by means of
e.g. a Kalman filter or linear projection.

25 in the next step of the monitoring process, detected foreground objects are
counted. Connecied component labeling is appiied in an example embodiment to group
detected foreground pixels into components based on pixel connectivity, for object
counting purpose. Pixels from the same blob are given the same fabel, and each blob is
given a unique identity (ID). For a crowded scene, a higher level of complexity may be |

30 involved due to occiusions, i.e. events where silhouette masks of close foreground
targets may overlap, resulting in formation of one or more contiguous blobs such that
foreground objects may be clustered.



current frame and k1 denotes the number of objects formed in the previous frame associated to Al in
the current frame. Parameter co serves as an empirical weight such WO
2009/126116PCT/SG2009/000133 18 that a higher value of 9 is used to have more emphasis on the
Equation (3) averauaiiqp (2), and vice versa. A validity score is coppsedsasadseduct of (2)
and (3). The above recursive 5process is then repeated for other values of i. The solution of {y,} that
corresponds to a minimum value of the computed validity score is recorded. The adjustment of
parameters and recording of computed validity scor€ are repeated to continuously improve the fitting.
As the recursive process is aimed at 10 achieving a solution that gives a minimum value of the validity
score, the process i tEmeExRITeE winbadimentex oladlieplitisg aredesg s aeidtbion resaving staralidity score.
The end resuliscsR@NE N BrgLECIR(6)EE ) 2i@nellinee 52086 sha-slpsaly Predielthe reepqative individual
silhouettes, ¢ ta-the erformange for the case of a payticular value of k. In order
to select the t%gnsst%%%g tb?:lg}tﬁgegg@(%)eas{égg §§ |k?1irt]ilaé |§?ﬂ§i§r?saerr1vdg ge\fég{i‘oﬁ%? ?)tllég? (?Sr%téill%ation of

ellipses are réﬁgﬁtéaﬁroff’a??’ﬁﬁﬁg‘%’f- K BIRTRSSSRIRSRE NS VA IR P BRSSP BRENRSS o8l k values is
recorded Sancsphietize stdb vathiedsanste tiatsgevebaizecauinisiipees vatiditgrisare: 2h. Furthégure 6(a) shows

results ofd the @@y@&n%@em%mrgig?rg% %%@ﬁ%ﬁ %ﬁﬂ@%@;%ﬂé&;}%@iﬁ%@féiﬁg&s being
monitored at various frames. Figure shows a t comparing performance of the counting
method accor\/%ﬁ}r?gs ?g‘?r% %%t(%%apl?seu% Q(ﬁﬁjeﬁﬁ \?ﬂfﬁ"ﬁﬁg?ﬁ%&%gf E%)%nﬁnmagsﬁ?gmﬁﬂﬁ ber of blobs,
i.e. without appRYifR 2PBligsEplemesitnies metan be seen from Figure 6(a), example occlusions 602,
604, 606 are successfully resolved and the count number remains steady at the various frames.

Further, feom Floure:0Cihie e HAng Mathagtehl s saamela b odmenr,ag repigegaled by line

612, provides relatively consistent results over time and shows little fluctuation in the count number,

while the con(RREGHAR AR ¥ hEEe RS TR T80 S Fan RS2 Prmicyatly AbIRP false counts

and greater flagthationudhtrag been faund e amesarsrle/expetimarRtdhahdhe eoysiiagamethod of the
example embodiment has a mean error of 0.31 and a standard error of 0.6093 while the corresponding

values for thereedttl &rtierearonadothefcoklamrigvaliasoprotero bsideatily. 48 D 6540 reshectively.

that this splits the blob into smaller ellipses, where each ellipse represents one fish. The
15 problem can be formulated to maximize a posteriori given by:

'™ =argmax P(T" [T, M")
- =argmax P(M' | TOP( [T M
T .

Further, the goodness of fitting ¥, to M may be measured by finding a solution

7 in the image lattice space that gives: i) a good coverage that includes as many

20  considered foreground pixels but fewer background pixels, and ii) minimal overlapping -
between any two ellipse-shaped models for ensuring visibility of each ellipse.

Figures 5(a)-5(d) show diagrams illustrating steps in a blob splitting process

of the example embodiment. [n an initialization step of the process, the blob M is

25 split into k smaller blobs. Hierarchical k-means clustering is performed on a data

matrix comprising coordinates of foreground pixels. Let the number of cluster centers

be k. As the clustering step comprises minimizing a function of spatial distances

between cluster centers and foreground pixels, the step may vyield cluster centers

converging to the respective centroids of k objects, i.e. fitting k ellipses centered at the

30 obtained cluster centers. A Euclidean distance may be used in the initialization step,
thus giving an initial fitting with round-shaped models 502 as shown in Figure 5(a).



19 In a next step of the monitoring process, the activity of fish are analysed for alert triggering.
Figure 7 shows a block diagram illustrating a scheme for analysing activity of fish for triggering an alert
to an operator according to an example embodiment. At step 702, relevant features such as spatial
location of thegefikpids ;3@dy orientation and size, 5 etc. of the fish are exjragiashaneadie fish are
successfully tracked. In addition, from the temporal domain of the above, other features such as rate of
orientation change, moving direction and regularity of motion may also be obtained. From the analysis,
an inactive and thus potentially dead fish is determitfed in the example embodiment based on one or
more of a group of detection of a motionless fish based on a motionless 10 centroid/ellipse, side-ways
oriented fish based on changes in the form of the ellipse from substantially elongate to substantially

round, and fish floaw%t@h@%ﬁ%@a&e@&mia&%%@a@&aﬁwmm H)@ssi%iraagm@cdamce At step
704, the extrqcbe? GE?tU{ES are ana sggarer d{nprgenttg rtalfﬁ elnéﬁl QL GOK él%l’ é gre monitored

targets may be atrestor as ee ? or certaln eI’IO ftimen a COI’]tI uous monito rocess the

system accor8lRy &R %ME‘@HB&EH%W@I@E’B@&%T@?&?@E\%?%W E%@“F@@?Tf HalEfiveness of
the fish irs ordenter milekvinerfal tecalosi rathe lextnepexemiplidneenb edhresht|dydus 201fhaare used, and

a two-stage ViIficalian ShcReIS m@neaéegpp%é%ﬁ ARt HRbr- or BT AlEHotEY g events of
20interest. For examgle E5 represents (g e ev? e at least 5 |g3gtl\z%flsh are :?iCtEd Starting
eﬁ’ﬁRﬁ?&?

withi=1,in tH%eﬁrg? a’gg\ﬁﬂl’?ﬁ é}fc‘%e S SCRRS RUE value is
inserted as tha %f@l@ﬂﬁ@mﬂ@ﬁmﬁﬂm@@ﬁ)ﬁ%ﬁﬁ@wm@%ﬁé(ﬁ the first element in the observation
window WE! is removed (step 706a); otherwise, a FALSE value is inserted as the last element in the

observaiign window W\ andl e Tipuslementindhe phseuadanindauEr: s ipaed (step 7060).

At step 708, an occurrence percéntage PE; for event E, Is computed e observatlon window WE!.

30In the exarffﬁf@eémmﬁ’d fifentialii ?Mrmfﬁ*@ |f%rra‘%ﬁ1&f IRiER: SivRR BT RHRISRE € TE; Alert are
used. At step€hiiBes todrditatied. I nemsiie aotivete i ipEemet Bhafamdrdesting ddecovrarere percentage

for event E, e ssélsgyh? lower threshalds SIEIiS G dNBLERERSR IRIPHMHLtEIED 70213 F% the

verification sc eme Sound may be-generated from the speaker 16 (Figures 1(b)-1(d)) for alerting the
fish, which areckrpwefitedbdamdsitive tbkslibawlingd. prishcafiroaeatsprd dratusiahdt! btlselhaneans, e.g.

vibratiom gor alerin@dherfishinapyRisribedd s tbcting the best solution. The adjustment starts by
ré!abeiling pixels of an gllipse / in the overlapping area to the next nearest ellipses | (j#i,
and } = 1,..., k). As a resull, ellipse i may shrink while other ellipses | may expand,
thereby generating a hew solution o the fitting. A likelihood and prior components may
be comptited to be:

20
% A"" .
P(M'lf')mz o , and @)
=1 ‘
PI T M) < @ik =k ], 3)
25 where A;fjg and A;’:g give the background and foreground pixe! counts within the

area defined by }/f respectively, A;,_v gives the foreground pixel counts within the

overlapping area of ellipse i and other ellipses, K denotes the number of objects in the
current frame and k' denoctes the number of objects formed in the previous frame

associated to M in the current frame. Parameter ¢ serves as an empirical weight such



lithe inactive fish start moving after the sound is generated, the value of PE in 5 the next frames may
drop such that it is smaller than the lower threshold TELvalid and the sound is turned off. This
suggests that the inactive fish may have been resting or sleeping initially, and the monitoring continues
normally. lithexayeshh:2dsistill observed in the next frames after the sound iscgefieraiss s value of
PE may eventually exceed the upper threshold Ta,Alert. It is likely that the inactive fish are dead and
an alert is sent to an 10 operator (step 712). The alert may be sent in the form of audio and/or video
with a text message to state the event and the localfdn for necessary actions to be taken. It can be
transmitted via the communication and/or networking means as described above using wired or
wireless comihehiedtighretoduectiving deeitdabavecmote togatisis. dhthiesrcEisuaticfurfiieswerent, the
process resta n - step 702; otherwise, the next 15event, e.g. EH-1, is analysed.

It will be apprgggé%m@'agﬁ%%ﬁ%ﬁ%{ed in the art that the values for the above thresholds can be set
appropriately to optimise the responses in steps 710 and 712. An example range is about 0,75 to 0.85
in one embodiment.A2@alidity Experisentpiiadezbeeprotrad witél tnd/¢BifyTihe stysiemeansiveethod of the
example embgdjgent; fHoHIS,&.RhAWSIMadRs.30 6 Obransd ab flifferentpaints oyeranyinterval, the
corresponding foreground detection results 904 and number of inactive fish counted from one of the
experiments. nirvExEhple therarmpead vaidiyasnesiageserdei2s with 20 live fish. It is followed by
adding 5 dead fish while removing 5 live fish each time until the numbers of live and dead fish in the
container become 5gnd Vel een.from.Figure 9. the total number of
foreground objects ﬁ%@@%ﬁﬁﬁ%&%ﬁ@jﬁ%ﬁg g%cg,r?g] a(fifngggg)%us?gnf'%{?% the entire interval. The
number of ina’&’?\?@tﬁgﬁ%&ﬁﬁ?éﬂ?%gréﬁ%@@nfaﬂ BiingeBod s RRYreieh RiRseShiseaigied at
30corresifondachiteirenelstinteribad epck$ish rairenad ediae ditre figtidignsove thedicattng that the
system is respagsieto AaNBehek laiorRaldish behaviodr 4 thedescHRigthal fellgws, the

behaviour of a school of fish may.be q ified.as ope or mqre of a group consisting of;, - activity level,
- school distrigﬁgéﬁs,uzl'atﬁ' Ay gdgigiqﬁ%rge%%%@’ he I%%gse%gﬁ%?é cj?gﬁigdﬁ%%%t?ﬁﬁﬁ &% captured at
about six franfedsbiakstmvatipsorairapondodle hedimsrrmencettnn heliffsrot avabedar frames per
second can algguesiused. A tracking module is used to associate the same fish throughout the

15
In order to select the best value of k, the above steps of initialization and
selection of best combination of ellipses are repeated for a range of k vaiues, where the
validity scores for the respective of k values is recorded, and the best & value is one that
gives the minimum-vatidity score.
20

Figure 6(s) shows results of the counting method according to the example
embodiment in which 20 fish are being monitored at various frames. Figure 6(b) shows a
chart comparing performance of the counting method according iol the example
embodiment with a methoed of counting the original number of blobs, i.e. without applying

25  the blob spiitting. As can be seen from Figure 6(a), example ccclusions 602, 604, 808
are successfully resolved and the count number remains steady at the various frames.
Further, from Figure 6(b), the counting method of the example embodiment, as
represented by line 612, provides relatively consistent resuits over time and shows little
fluctuation in the count number, while the conventional method, as represented by line

30 614, gives significantly more false counts and greater fluctuation. It has been found in an
example experiment that the counting methed of the example embodiment has a mean
error of 0.31 and a standard error of 0.6083 while the corresponding values for the
conventional method of counting number of blobs are 2.48 and 0.6540 respectively.



10 image sequence. Using the spatial information provided by its physical dimension and position
mapped on the images, each fish i can be represented by a set of coordinates of the pixels which it
occupies. where F, is the representation fish i, (xic, y,) is the coordinate for the kft, pixel occupied

by the fish ang$-igdhesqial number of pixels occupied by the fish. Further,dithecyample
embodiment, features such as position and size, as represented by a pair of coordinates (a, Py) of the

centroid of each fish in the image and the total number of pixels S being occupied by each fish in the
image respectively, can be computed based on thetfibove coordinate information. Activity Level

The activity level of the fish school in the example embodiment can be determined by how fast the fish
swim and the compleﬁtyaxt theprawWismmenippaghrddes thepetiviyfod e fishanziisedconfizement area
can be calculg,(gég}gygt L.Qetb%l%ﬁ.%@%%%té&%ﬁ mgﬁ%ﬂd@%ﬁ@rﬂ&%%‘%ﬁ%}@ HamesosThe overall
group speed ¢ n be computed t% | (a)_l cg éi ))2 &g% - tX - e a ? bde{}/lgerep\lf O%and Py(t)
represent the e EI'S')%%E T REEE the oos on of s'FP(as represen ed b yitsC ‘Enftioid) at Frame f,
and Py(t-1) anBePipleddnidprgenstsé i%tgakﬂ@@?mﬁat%@%ﬁﬂﬂwwﬁéh femtatisamrdiiteat Frame t-1.
5  Figarestf)(a)taadshOih) shawgiapbs bt the avesalcakaolsperedfon admroktankheTank A) and

a test tank (Tank B iesnasiychs Ss/cabaY 20,000 fiames according daansablegpbodment

The conditions, e.g. size of confinement structure, tmgﬂ{typeo number of fish’ used, etc. for both

tanks are |der‘i‘ff88tl’°8>&q§’p5@§6(ﬁ‘f§‘t %@Wﬁ‘ﬂémﬁytﬁ[@f’t RIRNEFL RIB) ?%ec%}ﬁléﬂﬁnﬂiéaa\ﬂfﬂ?

Chlorine. Theafishrarepotaritutytieaydis atdetamiangd lo @m@@me@rﬁmmMBbMdaﬁMﬁsh in Tank A
becomes reIa&ve{%@a@ﬂeaafg%abe&slmam@e@ﬁeg msr@gs@rmd e ecR0Q0mBhimisslifferent from
the resu {8 for ank Fslyvg%r%lt e flsg grt?gn %%s%%%r% c% sa}ﬁt%{ tc)ie ing °Pc§ ce |nto the tank and
start to swim fiore F rgically ra Wh “R1wer spee 5 ate |cu‘l%es IN swimming
imposed by tﬁé%ﬁlﬁ&émiﬁéﬁ@ﬁtﬁqﬁg round, and fish ﬂoate to the top based on image

data captured by the side imaging device.

At step 704, the exdracted features are analysed. Furthermore, to take inio

18  consideration where monitored targets may be at rest or asleep for certain period of fime

in a continuous moniforing process, the system according to the example embodiment is

able to tolerate a certain degree of inactiveness of the fish in order to minimize false

alarm rate. In the example embodiment, about 20 fish are used, and a two-stage

_veriﬁcaticn scheme is implemented. A set of events {E,, ..., Ey} is dencted as events of

20 interest. For example, E; represents the event where at least 5 inactive fish are
detected.

Starting with 1 = 1, in the first stage, within each observation w%ndow. Wy, if event E
occurs, a TRUE value is inserted as the last element in the cbservation window Wg; and
25 the first element in the observation window Wg; is removed (step 706a); otherwise, a
FALSE value is inserfed as the last element in the observation window Wy and the first
element in the observation window Wy is removed (step 706b). At step 708, an

cccurrence percentage Pg for event E; is computed for the observation window Wi

36 in the example embodiment, two threshelds, Teivaie and T e, Where Tgivaig <
Teiset are used. At step 710, a verification scheme is activated if Py » Tgvai, i.€. the
occurrence percentage for event E; exceeds the lower threshold. Otherwise, the process
restarts to step 702. For the verification scheme, a sound may be generated from the
spezker 16 (Figures 1(b})-1(d)) for alerting the fish, which are known to be sensitive {o



water. The results can be verified by analysing the motion trajectory (i.e. swimming path) of the
fish. Figures 11(a)-(d) show diagrams displaying the swimming paths of e.g. 20 20 fish over about 250
frames for the two tanks at two instances. Figures 11(a) and (b) show the motion trajectories of the fish
in Tank A anglgameBEgspectively between Frame 2,001 and Frame 2,250@ccatalingstqan example
embodiment. Figures 11(c) and (d) show the motion.trajectories of the fish in Tank A and Tank B
respectively between Frame 19,751 and Frame 20,000 according to an example embodiment. 25

As seen in Figure 11(b), the messy and complex tr%ﬂectory in Tank B seem to indicate an erratic
behaviour, which may correspond to the rise in speed between Frame 2,001 and Frame 2,250. As the
fish start to seemndslowendddvvecapPesiated 9126 0therZRIB06; B Kiystitender tigdiomipeiglich mostly
occupies theridageafdhedank, can be 30seen in Figure 11(d). On the other hand, as shown in Figures
11(a) and (c), the fish in Tank A swim in a more controlled and regular manner. 23 Randomness -
Size of trajectory(6) where the size of trajectory may be computed based on the area covered
by an 5 average mdtitf trafd¥eisovaR agiies HfRethe sogiylikeecrs@rantfP SN Grdphs of the
randomngss imeasuresoes ank doanddhahkiB of drgleethd ity bradr(thresspe dtively adcbeding to an

example emhgdimest, [t-earhe ARen (R EiIgHe L2 AL aIrR (Mhakiaeretvitsimyebof the fish in
the 10contaminated cont?lner (Tank B% IS hl%;ler and more errafic than that m,lfhg cgvntrol tank (Tank A)
which seemsISBEABFE YRS TNBERN TRLVABERBH T8 ¥hd URHIBHE ST 4 R YERSYI is

determined ifhtheeskbipnsie desbelisnerd lsyoanepisl tassalst dihsimarreiigiressrthdeonfinement
structure. Firghghenentiring.araasakiptranfisemaciikdist elierecisispll sntalerase¢ham ene region. This
s followsy! Dy afaltRTAR O ACaHRRREY B BERGMAEIAN HUIRIUAYAS R GRRNELY he
percentage of the size of fish'in that region over the total fish size for the whole

message to state the event and the location for necessary actions to be {aken. It can be

fransmitted via the communication and/or networking means as described above using

wired or wireless communication to a receiving device at a remote location. If there is no

further event, the process restarts for the next frame at step 702; otherwise, the next

15 event, e.g. B, is analysed.

it will be appreciated by a person skilled in the art that the values for the above
thresholds can be set appropriateiy to optimise the responses in steps 710 and 712. An
example range is about 0.75 to 0.86 in .one embodiment.

20 '

Experiments have been conducted to verify the system and method of the
example embodiment. Figure 9 shows images 902 obtained at different points over an
interval, the corresponding foreground detection results 804 and number of inactive fish
counted from one of the experiments. In the example experiment, the monitoring starts

25  with 20 live fish. it is followed by adding 5 dead fish while removing 5 live fish each time
until the ﬁumbers of live and dead fish in the container become 5 and 15, respectively.
As can be seen from Figure 9, the total number of foreground cbjects detected, as
represented by line 906, remains constant over the entire interval. The number of
inactive fish counted, as represented by line 808, show step-wise increases
30 corresponding to each time the dead fish are added and live fish removed, indicating

that the system is responsive to changes.

As an altternative or in addition to the counting of inactive fish as described

above, the system of the example embodiment is also capabie of early detection of



20confinement structure: 25 (7) where Si is the size of fish j located in the region, and rthe
number of fish located in the same region, while Si is the size of fish i and n the total number of fish in
the confinement structure. 30Avoidance behaviour has been observed in fish where water in the
container is cefitziwinaseth Hence, the system of the example embodimeneomkesiosanfs®) to
determine if there is any region in the confinement structure where the fish are trying to swim away
from or attracted to. Also, fish are observed to swi? along the sides of the confinement structure when
there is an alteration in the water condition in som Q:ases. 24 In the example embodiment, the
regions can be defined by splitting the monitoring area into e.g. a centre region and a side region.
Figure 13 shGRCTRIhRGY Q%dﬁﬁ?ﬁi#@‘é?%’é’%ﬁ‘?ﬁ%@%%ﬁ@ﬁf@%t@ & 5cHedirhiFa centre
region R accoraljrg tpamtifschaspleseminod nfengr g cansisérgedn from Figure 13, the boundary between
the centre region R,aggq\,{{ggegigg region is marked e.g. by a rectangle, and the number stated at the
centre is the occupancy ir] ?rége,tre re{gion R. For example, in this view, about 8% of the total fish
size is detected in th&"CeRtre é‘l%??ﬁn urther, for each frame, the occupancy value is compared to a

thresholdf T, for 10déssihirizigaiahe probability of avoidance behaviour, Pb(t), would increase.

In the example embodiment, images are captured at about six frames per
‘second. However, it should be appreciated that a different number of frames per second
can also be used. A tracking module is used to associate the same fish throughout the
10 image sequence. Using the spatial information provided by its physical dimension and
position mapped on the images, eaéh fish i can be represented by a set of coordinates
of the pixels which it occupies.

{x, )

15 F= (s 7) @

(x5:¥5)

where F; is the representation fish i, (x, yi/} is the coordinate for the k™ pixel
occupied by the fish and S is the total number of pixels occupied by the fish.

20
Further, in the example embodiment, features such as position and size, as
represented by a pair of coordinates (P, P,) of the centroid of each fish in the image and
the total number of pixels S being occupied by each fish in the image respectively, can
be computed based on the above coordinate information.
25

Activily Level

The activity level of the fish school in the example embodiment can be
determined by how fast the fish swim and the complexity of their swimming path. The
30  speed of each fish in the confinement area can be calculated by taking the displacement
of its position between consecutive frames. The overall group speed can be computed
by:

v=Y J .0 - Pa-1) + (P, ()= P,(t - 1))’ )



where a is the weight of each frame and, Pb(t) and Pb(t-1) are the computed probabilities at Frames t
and t-1 respectively. 15The monitoring of group distribution in the confinement structure may help to
identify avoidance behaviour, which the fish may exhibit when there is a disturbance in a certain region
of the confinamentistrematisre. In the example embodiment, the probability gigvaidanesdehaviour is
calculated over a specified number of frames, with each frame having the same weightage, and the
probability would increase if the percentage of fish 20 found in the monitored region is less than a
certain level, i.e. if most of the fish school is swimnﬁ%g along the sides of the confinement structure,
the probability of avoiding the centre region will increase as Q for the centre region is less than T.
Figures 14(a) and 14(b) show graphs comparing of the probability of avoidance 25 behaviour for a

control tank (Tank Awansl B teshiarki( TanksBitreepeetivelycoyeinRe i the s tadiautid),000 frames)

according to an exam i S ram, Ei ) here js a
significant dif%sr’sﬁ??ee ?%h%%érggg{ug I;%%ﬁ%ﬁ%ﬁrgg?ﬁe %hgeﬁﬁlv%&?% k%r%%ﬁﬁg gﬁ%ﬁ%&; %p\‘éa%/g?ﬁgn ce behaviour
in Tank B renf8fEnsign eVBA ARt rbthe sameriaiahleéaBmitd be settled down in the new environment.

This mayaindicate 30that the contaminant in Tank B affects the distribution of the fish school within the

tank TS tthe-fiS_h Seemgmé%e@]g%ij;ymnga@y@b{oﬁxpgﬁmﬁ] %@@%@J@&Eﬁ%cﬁ@%@i toteractian Tfhe
social interactio ong the fi ay be defined in.the example embodjmen ne or more of e.g.
the level of p%&?m%?ga@{]h%nf?sﬁg?g g\ﬁﬂ%rﬁ%ﬁgtog ne %Dneé%ﬁ}élwﬁﬂ‘ﬁ%rnﬁérﬂ %eé ((gj)?g gﬁuig%e?ormed by the
fish school arf§@oitiiaaivcadf eesele|pstepsingi. tHdpredpditenss [eddarzsindhedfisigpent. In the
example embadicnest gty erpesbicalkuaeansclusiering. et isuseark tagida mexclistering
lterationgqon %ies‘{?éfgﬁ“f% }l:s%eté?{l?ﬁea%ﬁ makes Memakine wi SQ0rRAlRS Agiged from the

positions of the Ti en any fish is too far from the centre of the scthool, a cluster is formed. The

number of cluteRIMmEs M G Hereadng 67RisnessR ietdiewRtgbridetelified edhditions is met:
- The distancédvetvesanidtiechesttmaadteiherdslistaansktivd contraabéthed Rrstee 8000. This is

different from the resuits for Tank B where the fish show relative hyperactivity after being
piaced into the tank and start to swim more lethargically after a while. A lower spesd

15  may indicate difficulties in swimming imposed by the chemical contamination in the
water.

The resuits can be verified by analysing the motion trajectory (i.e. swimming

‘ path) of the fish. Figures 11(a)-(d) show diagrams displaying the swimming paths of e.g.

20 20 fish over about 260 frames far the fwo tanks at two instances. Figures 11(a) and (b)

show the motion trajectories of the fish in Tank A and Tank B respectively between

Frame 2,001 and Frame 2,250 according to an example embodiment. Figures 11(c) and

{d) show the motion trajectories of the fish in Tank A and Tank B respectively between

.  Frame 18,751 and Frame 20,000 according fo an example embodiment.
25

As seen in Figure 11(b), the messy and complex trajectory in Tank B seem to

indicate an erratic behaviour, which may correspond to the rise in speed between Frame

2,001 and Frame 2,250. As the fish start to swim slower beitween Frame 19,751 and

20,000, a less dense trajectory, which mostly occupies the sides of the fank, can be

30 seen in Figure 11(d). On the other hand, as shown in Figures 11(a) and (c), the fish in
Tank A swim in a more controlled and regular manner,

Furthermore, in the example embodiment, hased on the obtained motion
{rajectory, a randomness measure of fish activity can be computed by:



15belongs to is within a specified length, i.e. V(P1-N,)2 +(13,-Ny)2 <7", - The density of the fish is
more than a specified percentage, i.e. 20 ES, D->,6 A where N is the cluster centre, A is the
area of the convex hull representing a cluster, o is the number of fish belonging to the same cluster,

and Tc and idyaye)psg24pdefined thresholds respectively. Figures 15(agshows @i view of the
monitoring area of the confinement structure with one cluster of fish. Figure 15(b) shows the same top

view as Figure 15(a) with two clusters of fish. As can be seen from Figures 15(a) and 15(b), the
number of 30 clusters (i.e. when the iteration stops%%r the same image is dependent on the values of
the thresholds, e.g. the density threshold in Figure 15(a) is lower than that in Figure 15(b). 26 After
the clusters are formed, the majority cluster in the school may be identified in the example
embodiment by computing, the_dize @fteireryrcluster, which is equivalent to the sum gdysize S of the fish
that belong to the same cluster. The ctuster with the largest size is then labelled as the majority. The
size of the majority cluster is then 5plotted as a percentage of the total school size over a specified
number of frames f&"f@ Wl#@tﬁ%%l%%%ﬁﬁ%ﬁt@%% the afeg R EIRITEM6(a) and
16(b) shdw geaptageowtparirgethensizend ghemmperity cluster for a control tank (Tank A) and a test tank
(Tank B) respectively over a period of 10 time (about 20,000 frames) according to an example

embodiment. The graphs s&o th tﬂﬁe ish school in contaminated water tends to be more scattered,
25 may be indicated BY SiiAla) FIEIR ERRFESE BB ort B oA Snfal AP Londltion.
Tank B of Figures 10(a) and (b} respectively according to an example embodiment. it
can be seen from Figures 12(a) and 12(b) that the activity level of the fish in the
10  contaminated container (Tank B) is higher and more ematic than that in the controf tank
(Tank A) which seems to be more consistent.

School Distribution

15 The distribution of a fish school is determined in the example embodiment by the
population of fish in different parts of the confinement structure. First, the monitoring
area of the confinement structure is split into more than one region. This is followed by
the caiculation of occupancy Q in each region, which may be represented by the
percentage of the size of fish in that region over the total fish size for the whole

20 confinement structure:

r

2.5,

Q=L x100% ()

n

2.5

25 =
where S;is the size of fish j located in the region, and r the number of fish located
in the same region, while S; is the size of fish / and n the total number of fish in the
confinement structure.
30 Avoidance behaviour has been observed in fish where water in the container is

contaminated. Hence, the system of the example embodiment mskes use of Q o
determine if there is any region in the confinement structure where the fish are trying to
swim away from or attracted to. Also, fish are observed fo swim along the sides of the

- confinement structure when there is an alteration in the water condition in some cases.



It will be appreciated by a person skilled in the art that numerous variations 15 and/or modifications
may be made to the present invention as shown in the specific embodiments without departing from
the spirit or scope of the invention as broadly described. The present embodiments are, therefore, to
be consideredin alhsaspaets to be illustrative and not restrictive. 20 27 CLAMYISGEqd/gxs8mM for
monitoring water quality, the system comprising: a container for receiving a. flow of water to be
monitored, the container 5containing a plurality of fish-and configured such that a substantially
3-dimensional group behaviour of the fiSh is acconffhodated:; a first imaging device dispoSed
above the container for obtaining top view video data of the fish; and means for identifying individual
fish based on fegyRyamd e Bjekediewttits; reoipierambmdatias ey feplidentifgimpiftoinid e dish is
arranged for regob/ing chusteregldotegradig rijests. 2.The system as claimed claim 1, further
comprising a second imaging device disposed on a side of the container for obtaining side view
video data of the 15fish. The system as claimed in claims 1 or 2, further comprising a

confinement structut%gafgpg‘s@b"\‘?(ﬁ’tﬁﬁ@aY@Woﬁtélﬁé?”‘fﬂ%“@oﬁﬁﬁé?hm %‘?ﬂj‘@ﬁi?@"&ﬁtﬁtﬁ%’lﬁg a
substantidily cdeitimgouseperiregter Watidwdiagdormmmodatnig ¢mbddme. the min pwhessifisaid

confinement 'SplHg, ipHHEREINSAIBERERIBMEdaliBg HgauRs@alally o Aimeneieag group

behaviour of tt&;‘? aﬂrSec’cangie and the number stated at the centre is the occupancy in the centre region

R. For example, in this view, about 8% of the total fish size is detected in the centre
region R. Further, for each frame, the occupancy value is compared to a threshold, T, for
10 determining if the probability of avoidance behaviour, Pb(t}, would increase.

pb(t)r-{ﬂ”“)%(’“gw et (8)
(-a)Ph(t-1) ,0>T

where a Is the weight of each frame and, Pb(f) and Pb({-1} are the computed
probabilities at Frames t and &7 respectively.

15 The monitoring of group distribution in the confinement structure may help to
identify avoidance behaviour, which the fish may exhibit when there is a disturbance in a
certain region of the confinement structure. in the exampie embodiment, the probability
of avoidance behaviour is calculated over a specified number of frames, with each frame
having the same weightage, and the probability would increase if the percentage of fish

20 found in the monitored region is less than a certain level, i.e. if most of the fish school is
swimming along the sides of the confinement structure, the probability of avoiding the
centre region will increase as Q for the centre region is less than 7.

Figures 14(a) and 14(b) show graphs comparing of the probability of avoidance

25 behaviour for a control tank (Tank A) and a fest tank (Tank B) respectively over a period

of time (about 20,000 frames) according to an example embodiment. As can be seen

from Figures 14(a) and (b), there is a significant difference in the results cbtained from

the two tanks. The probability of avoidance behaviour in Tank B remains high even when

the fish in Tank A seem fo be settled down in the new environment. This may indicate

30 that the contaminant in Tank B affects the distribution of the fish schooi within the tank
as the fish seem to be swimming away from the centre region.



4.The system as claimed in claim 3, wherein the perimeter wall is configured such that it approximates
a field of view of said first imaging device. 25 5. The system as claimed in claim .4, wherein the
perimeter wall is . substantially translucent. 6. The system as claiined in claim 4, wherein a
portion of the gerametersi B0wall facing said . second imaging device is substami@iydimpgparent, while
a remaining portion of the perimeter wall is substantially translucent 7. The system as claimed in
claim 6, wherein the confinement structure further comprises a substantially opaque cover member
disposed to cover the Amended Sheet IPEA/AU 25 pCT/SG2009/000133 Received 30 November
2009 28 substantially transparent portion of the perimeter wall for reducing reflection of the fish in said
top view video data. B TREE§SE@AT as claimed in any one of the above claims, further

The social interaction among the fish may be defined in the example embodiment

by one or more of e.g. the level of proximity that the fish are swimming to one another,

5  the number of clusters formed by the fish school and dominance of these clusters, and
the presence of leaders in the group.

In the ex'ampie embodiment, the hierarchical &-means clustering method is used
to perform clustering iterations on images of the fish. The process makes use of the
10 coordinates obtained from the positions of the fish. When any fish is too far from the
centre of the school, a cluster is formed. The number of clusters may keep on increasing
untit one of the following predetermined conditions is met:

- The distance between the centroid of every fish and the centre of the cluster it
15 belongs to is within a specified length, i.e.

JB NV +(P, =N ) < T,

- The density of the fish is more than a specified percentage, i.e.

D=t
| g

20

where N is the cluster centre, A is the area of the convex hull representing a
cluster, ¢ is the number of fish belonging to the same cluster, and T¢ and B are pre-
25  defined thresholds respectively.

Figures 15(a) shows a top view of the monitoring area of the confinement

structure with one cluster of fish. Figure 15(b) shows the same top view as Figure 15(a)

with two clusters of fish. As can be seen from Figures 15(a) and 15(b), the number of

30 clusters (i.e. when the iteration stops) for the same image is dependent on the vaiues of

the thresholds, e.g. the density thresheld in Figure 15(a) is lower than that in Figure
15(h). ‘



5 comprising, a lighting apparatus configured to provide substantially even background light for the first
imaging device. 9.The system as claimed in claim 8, wherein the fighting apparatus  comprises a
light source disposed underneath the container and means for diffusing 10 light from the light source
disposed betWéetatgzfigist source and the container. 10. The systemrag skaineedoszny one of
the above claims, wherein the system is configured to minimize external light from entering the system
during operation. 11. The system as claimed any one of the preceding claims, wherein resolving
clustered foreground objects comprises: 20perfor '%g hierarchical k-means clustering to fit 'k-number
of ellipses into each contiguous blob in a silhouette map of the top view image data, k=1, 2, 3,...;

determining a best RE548% Grslemimieimarif aioste shisttinghre kel mByrefdnpies to each
blob. 2512.The tsysheamals efaimtichéentdyycomewihthihe stxeedirgatiatmstefurthieh do mpfisilgtmeans for

determining agynbemfrinpetivefigh. 4shTHha SURIRIAHEIAURRINRRAIM L2 Mdis gl the. means for
determining tpe ) mber.oftbn%ac[fl\éeirlsgw exggcts ony ognore features of a %{o?tjp 30 consisting of
location of ceRtroid, Izoadifo ehtaton ang sive. Tate of P%rﬁﬁ?’lo (t,rﬁaaﬁﬁ 2o H%eﬁi'?egiﬁgh and
regularitybof rilstiem 768 defeertrgn glithe XA Relvattive oveRfepRRSHISHusRIRBAImpes for the

fish in both control and contaminated tanks.

Figures Figure 16(a) and 16({b) show graphs comparing the size of the majority

cluster for a control fank (Tank A) and a test tank (Tank B) respéctively over a period of

10 time {about 20,000 frames) according to an example embodiment. The graphs show that
the fish school in contaminated water tends o be more scattered, as may be indicated

by smailer majority cluster size, compared to that in a normai water condition.

it will be appreciated by a person skilled in the art that numerous variations
15 andfor madifications may be made fo the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to

be iliustrative and not restrictive. |

20



29 14.The sys,tem as claimed in claims 12 or 13, further comprising means for applying a stimulus to'
the fish if the number of inactive fish exceeds a first threShold to reduce false alarms. ' 515.The
system ' as claimfed in claim 14, further comprising a communication device W?&%H@ﬁ%é@m
signal, the alarm’signal being generated if the number of inactive fish Bepeiugd %Oég%‘é?ﬁ“ﬁbﬁ'ir@éﬁold
after the stimulus has been applied. .1016. The system as claimed in claiins 14 or 15, wherein the
stimulus comprises a sound. ~17. The system as claimed in any one of the preceding claims,
further comprising means to 'determine an activity level of the plurality of fish as a group 15 behaviour,
the activity level being determined based on exze or more of a group consisting of overall group speed,
motion trajgmwsand randomness measure. 18. The system as claimed in any one of the
preceding claims, further comprising means to determlne a group distribution of the fish as a group

behaviour. 20 19. The % tem as claim in any. %P?h fthg lRrg(c}:{g?mg‘%clalms further comprising
av

t
means to determ1ne a SOHRFTA SIS ion OF the Tish a our, the sacial interaction being

determined based BMBERERPMEREYPE §rioy €5ﬁ§?§?fn§’ dﬁe%% 'Wf)%)ﬂ% KPHhe fish are swimming
to one &notherininmbehuefis! s 26 ferriedr s W Ak aEETiRkhEEBTREE clusters. 20. A
method of gn@mptwmguwatﬂfnwams, heametbadesbmprising the

a first imaging device dispoged above the confainer for obtaining top view

" video data of the fish; and .
means for |deni|fysng mdw:duat ﬁsh based on foreground object detecﬁon
10 wherein the means for identifying individual fish is arranged for resolving .
clustered foreground objects. ‘ ‘

2.-, The system as-claimed claim 1, further comprising a second imaging
. device disposed on a side of the container for obtaining side view video data of the
15 fish. '

3 The system as claimed in élaims 1 or 2, further comprising a
confinement structure disposed within said confainer, the confinement structure
co‘rn-prising a substantially confinuous. perimeter wall for accommodating the fish

20 - therein, wherein said confinement ‘structure is &imensio_nec! for accommedating the
; sdbstantially Sﬁdimé'nsic_mal‘ groun béhaviour of the ﬁsﬁ. '

4, _The systern as claimed in claim 3, wherein the perimeter wall is
configurad such that it approxiﬁéteé afield of view of said ﬁ_rst imaging devics.
25 ‘ ' '
" o 8. The system as c;lalmed in claim 4 wherem the perimster wall is |
' substantially iranstucent

5. The system as. claimed in claim 4 wherem a pomon of the penmeter.
B0 wail facmg said . second imaging device Is substantlally transparant, whtla a
reimaining portion of the perimeter wall is substantualiy transhucent.

- 7. b The system as claimed in claim g, whei‘éin the conﬁ-neme‘nt siructure
further camprises a substantially opague cover member disposed to cover the

Amended Sheet
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~—3teps-of: receiving a flow of water to be monitored in a container, the container 30 containing a
‘plurality of fish and configured such that a substantially 3-dimensional group behaV|our of the flsh is
accommodated; obtaining top view video data of the fish; and identifying ind %? &9%
foreground object detection; Amended Sheet 1PEAJAU PCT/SGX565/01 3K, %%O%O
November 2009 30 wherein identifying individual fish comprises resolving clustered foreground
objects.; 21.The method as claimed claim 20, fOrther comprising: 5performing hierarchical k-means
clusteringto fit k-number of ellipses into each contiguous blob in a silhouette map of the top view
image data, tel 2, 3,...; determining a best k I2&#sed on a minimum validity score for fitting thenumber of

“of eII|psesg&bgéﬁkab}qbarﬂd@a%nﬂaﬁmﬁtbwlasemiamdmﬂ @dmm@%g)mﬂégmrrtﬁeﬁheomprlsmg applying

f sh in sa;d top visw video data.

8. . The system as clai'med in any one of the'above claims, further
5 comprising a I:ghtmg apparatus conﬁgured o prowde substantially even background
tight for the first tmagmg device. ‘ :

.9. The syst_em as claimed in claim 8, wherein the lighting apparatus
comprises & fight soUrce diéposéd underneath the container and means for diffusing
40 fistht from the light source disposed between the light source and the container.

1.  The system as claimed in any one of the above claims, wherein the
systemn i§ configured to minimize external light from entering the system during

'operatic:n.
15
1. The systemn as claimed any one of the precading claims, wherein
resolving clustered foreground objects comprises: ‘ '
20 "~ performing hzerarcmca! k-means c(ustenng to fit k-number. of elkpses into
each mntsgumus hiobina sl!houette map of the top waw image data, k=1, Z, 3.
determining a best k based on a minimum validity score for fitihg the k-
number of ellipses to each blob.
25 . 12. Tﬁe ’system as claimed in any onie of the preceding claims, ﬁ)rfher

comprising means for determining a number of inactive fish.

13,  The system as claimed in claim 12, wherein the meanré for
determining the number of inactivé, fish exfracis one or-more features of a group

30 consisting of location of centroid, hody p'rier{taﬁon and size, rate of arentation
| change, {ﬁcving direction and régulaujity of motion for determining if a fishis Inactive.
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~a stimulus to the fish if a number of inactive fish exceeds a first threshold to reduce false alarms. i’
23. The method as claimed in any one of claims 20 to 22, further 15 comprising determining an act|V|ty
level of the plurafity of fish as a'group behaviour, the aativity level being detdiflifEed?882€4Ba bne or
more of a group consisting of overall group speed ‘motion trajectory WF&%M@W@%}%

24. The 'method as ‘claimed in any one of claims 20 te 23, further 20 comprising determining a group
distribution of the fish as a group behaviour. 25. The method as claim in any one of claims 20 to
24, further comprising determining a social interaction of the fish as a group behaviour, the social
interaction.being determined based on one ozgmore of a group consisting of level of 25 proximity that
the fish are SW|nqulng-pgeog%témig%ralﬁuBB“EhQﬁaﬁlfxﬁluster$:-forwﬂﬁﬁlr Ryrthasfishaaadominance of these
clusters, for applying a stimuius to the fish if the number of inactive fish exceeds a first

. threshold to reduce false alarms,

§ . 15, The systern as claimed in claim 14, further comprising a
. communication device for sending an alanm signal, the alam sign‘at being generated
if the pumber of inactive fish exceeds a second ’{hz"eg_ho!d after the siimulus hasg

. been applied.

0 . -16. vv’!"he.- sysiem as claimed in claims 14 or 15, whersin the stimulus

comprises a souhd.

. A7, " The system. as claimed in any _o_rie of the preceding claims, further
| - comprising means to -detemmine an acﬁiriﬁy level. of the plurglity of fish as a group
15  behaviour, the. activity level being determined based on one or more of a group

. cdnsisﬁng of cveréli group speed, molion tra}ecﬁory- and randomness measue.

1B.  The system as olaimed in any one of the preceding claims, further
compris?ng means fo determine a group ci‘tstributic}n of the fish ag & group behaviour. .

20 _ _ o ‘
19, The system as claim in- any one of the preceding claims, further

" comprising means to determine a social interaction of the fish as & group behaviour,

the so&ia! interaction being determined based on cne or more of a group consisting
of level of proximity that the fish are swimming 1o one another, number of clusiers

25  formed by the fish and dominance of these dlusters. '

20, A method of monitoring water ’qua!ﬁ:y,.j(he method comprising the
steps of: A : . ' |
receiving a fiow of water to be monitored in a container, the container
“30 containing a plurahty of fish and configured such that a substantially 3-dimensional . -

group behaviour of the fish [ acsommcdat@d

. pbtaining top view video data of the fish; and
identifying individual fish based on foreground object detection; '
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30 .
- wherein identifying individual fish comprises resolving clustered 'foregr:ound '

1. The method as claimed claim 20, further comprising:
) peﬁofming hierarchical k-means clustering to fit Jnumber of aliipses into
eac:h contigious blob in a sithoustte map of the top view image data, fe=1, 2, 3,..
determining a best k based on a minimum validity score for fi itting the k-
number of ellipses to each blob.

22. ° The method és claimed in claims 20 or 21, further comprising applying

-a sdmulus to the fish if a number of inactive fish exceeds a first threshold to reduce

| false afarms.

16

20

. 25

23. The method as claimed i,n.' any .one of claims 20 to 22, further
comprising determining an activity level of the pidra%ity of fish as a group behaviour,
the activity level being determined based on cne or more of a group consisting of
oversll group speed..'mption tféjectory and i'andomness measure.

24, The method as claimed in any one of claims 20 to 23, further

- cormprising determining a group distribution of the fish as a group hehaviour.

25. The methad as claim in any one of claims 20 to 24, further comprising
determining a soctal interaction of the fish as a group behaviour, the social

'interacﬁcn being deie;mﬁned basad on one or more of a groug consisting of level of -

proximity that the fish are swimming to one another, number of clusters Tormed by the
fish and dominance of these clusters.
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