1 METHOD AND SYSTEM FOR EVENT DETECTI ON FI ELD OF | NVENTI ON The invention
broadly relates to a nethod and system for event detection BACKGROUND The
use of clweedtgizéuit tel evision (CCTV) caneras in |iftecrsiGevatooed) for

t he 10preventionof vandalism crinme and ot her undesirable acts has gained
growi ng popularity in many countries as they can provide a video recording
facility for post-incident investigation. This has resulted in nore lifts
being retrofitted with such caneras. ~Currently, in addition to
CCTV caneras, passenger lifts have allso been retrofitted 15 with ot her

types of sensors h tion) in order to
capture vandal i sm(“ﬁ%fHQ\E.’ ’Sﬂbﬁ%ﬁ%ﬁlﬁ&%‘éﬂ@?ﬁﬁbmver sone

short comings .include: i. Unsatisfactory performance of the cheni cal

sensors of cul prits to get around the systemonce they get
acquai: nt@gmgﬁmﬂghi&%o 20iii.Mre conplex events cannot be

aut omat-i. cal 'y detected (e.g.: .robbery and viol ence against the elderly,

chi | dren,’ andrhedmenjion bnmadlddelatestq ante&qdeandrsclsidm\il)ld%@nh@emn be able to
cl early i dentlfy the perpetrators

BACKGROUND

L The use of closed cnrcuut televrsnon (CCTV): cameras in lrfts (elevators) for the

1j0v ' 'preventlon of vandalrsm crime and other undesirable acts has gained growing popularity

' in many countries as they can provnde a video recordlng facility for post-incident
|nvest|gat|on. Thrs has resulted i in morelrfts being retrofitted _wlth such cameras.

, Currently, |n addltlon to CCTV cameras passenger Irfts have also been retrof tted '
15  with other types of sensors (e.g. chemlcal sensors for unne detectron) in order to capture
vandalism, crime and other undesrrable acts. However, some shortcomings include:
! Unsatlsfactory performance of the chemical sensors. '
ii. The ability of culpnts to get around the system once they get acquarnted
with the sensors. = '
20 i, More complex events-cannot be automatically detected (e.g.: robbery and
| violence against the elderly, children, and women). In addition, the
recorded video may not be able to clearly identify the perpetrators.
iv.  Inability to prevent acts that lead to the damaging of lifts. Acts that cause
o damage to lifts typlcally go undetected. Subsequent investigation by
25 : . reviewing the CCTV video is usually tedious and inconclusive. -
R V. in cnmes agarnst soft targets (e.g. elderly, chlldren and women), there -
o are generally no means of taking immediate actron Currently, only post- .'
, InCIdent mvestlgatlon can- be done ‘upon the fi iling of police’s report.
_ Thereafter a lengthy information and evidence gathering process may
30 , follow coupled wrth a tedious process to apprehend the culprit.

' .Advancem‘ents in.compotational- science, coupled with cheaper and ‘more
“powerful computing platforms, enables information fr_om CCTV cameras to be used to



Iv.lnability to prevent acts that |lead to the damaging of lifts. Acts that
cause damage to lifts typically go undetected. Subsequent
I nvest i gawoaen1gs@81r evi ewi ng the CCTV video is usual | yPCesiGous/0arsdl

i nconclusive. In crines against soft targets (e .g. elderly, children, and
wonen), there are generally no neans of taking inmediate action. Currently,
only post-incident investigation can be done upon the filing of police's
report. Thereafter a lengthy information and evidence gathering process nmay
30fol'l ow, coupled with a.tedious pro@ess to apprehend the culprit. WO
2011/ 0254 OPCT SGZ 0/ 000311 2 t o r

urinati rﬂf §°‘f'?]q hav&?taoslych ﬁ%g"tr'ﬁ%tnngalﬂ t'&%gﬁ Alg&d"t "?ﬁggé't' gléltdet§> ﬁﬁgd go\g/ent in
real -ti metedf:thts event in, real-tioen Guoentiyea iconguctive bepiscgwbyed)h@u@hd@é@t@@t i on;
however erfor A

i nstall a't"r‘)”t?ﬁ ”%?ﬁfa'tclgv'geﬁér %%%Hg@&&SBE%E wgfgce@ﬁt ,gﬁtt?her eﬁg‘?rgq\r/\%r ks
|nvoIV| rrglatltmiycmnb&mt!eon of Vi deo and audio for the pur poses of
background- foregr ound - separ ati on. localization of humans, and
event/behaw our- det ection.” However:; these works: ‘have separ a

vi deo” proces sng rependintoererase wogkscinVRlying thesprimRieationpf vifeg %neep@
cl assi f 'tﬂé %I o?rﬁacﬂt&omté&?&ﬁdo sé?%t?on’i fdcﬂitbtn&l'ECdeh@ﬂans naﬁdJCh

met hods u5| e aggregation of classi results, .cor nals from
the ot heevesﬁb@‘t‘ﬂv@% te&&ﬂy Hipwevsht fgee alerke chayet Bepéfta‘%r?‘tﬁ‘tfg ‘g‘hlt

Usef ul- | YoPEdERg! Pfeded thaefuh&mh. lﬁaeﬁéhﬂénﬂw PR Q’Spé&lﬂswt&sﬁélemmlte asd r ongly
related to the charact %sdtgl cs of ce tE‘eﬁevents t han Ot{l]' esﬁ‘ne

sensHt s. compingtLio e?‘ﬁb? °'§5?Ps't"ss‘t° s&ing the39greog

det ect i opstiRAlcoRr GREE stgﬂal@dtéﬁetﬁe cﬁthed mbrsom sWayt the aﬂtmtteanerlead)toeah

r obl ems SUMWVAR
P -erroneous resu?t Useful- information. can be lost as some types of sensors are more

: _-; Iﬁ , strongly. _related to the charactens_’qc_sof certain events than _pther types of se_nsors, _

ud\g 0 and
L'l e

event

15 ‘A need therefore exists to provide a method and system for event detection that

. seeks to address' at least one of the abovementioned problems.

SUMMARY
20 .

According to the first aspect of the present invention, there is provided a system
for event detection comp.n'sing' 'a"plurality of sensors; and respective classifier units
coupled to the sensors for processnng respective sensor signals from the sensors for the

_ event detectlon wherem at least one of the classifier units is adapted for detecting an
25 . event based on the sensor sngnal processed in said at least one classifier unit as a main
T evudence and for |ssumg sub—evudence queries to the ‘other cIaSS|ﬁer units for facnhtatlng

. the event detectlon

The at Ieast one classuﬁer unit may compnse a . categorisation unit for

30 categonsmg the sensor signal into event categories.



According to the first aspect of the present invention, there is provided a
system for event detection, conprising: a plurality of sensors; and
respect i weochuagesdeber units coupled to the sensors for pPCESE26i01000311
respective sensor signals fromthe sensors for the event detection; wherein
at least one of the classifier units is adapted for detecting an 25 event
based on the sensor signal processed in said at |east one classifier unit
as a.mai.n evi.dence and for issuing sub-evidence queries to the.other
cIassrfrer units for facilitating the event detection. ‘ The at

| east one cl i f

30cat egorl Si ﬁ’g‘% aee%égﬁﬁg.gb uﬂﬁ%a&%@&{ ggeg\?g%’gg ?g 85@%?%@5}5%%{&5 ﬁ% ﬂﬁr

cat egor i sdtgvidencn nueriesto ike at!eptcbasﬂ]er unite i pategorising therenseresignat inte om t he
sub- evi.dg rgga%gaﬁﬁto the ot'her classifier units in categorising the
sensor: srgna? € event categories: The at | east one classifier unit
may conprlse “a dominant signature verification-unit for .verifying a

doni ANt 'si grfeUitQeddt ohBecla"‘s%iﬁép Unif g 3éoanﬁ§e Tah&‘orﬁﬁﬁrﬁtsré’rﬁfnﬁé tveRftatidi €

dom nant- si gnature verification-unit may be adapted to use one or nore
par amet eqrit for \affYingea deminant;signatuse lﬁUB? P@rsof é'gf‘ﬂémdf‘ﬁé?’e'ﬁ dgtestiqn; ef units in
verrfyr ng the-10 dominant si gnature in the sensor signal. - - The at

| east ~one -cl assifier uni.t ma né)rl Ee a machi ne; | ee%rnl n uni t for

cl assificati ofhepfspiaat; signaty NIt fBRY OB AFPtefotPniEse 28 PHEICR:r ni ng

unit. may é?@mét@r’#’fr@ﬁ-th@ sursewaémeoquemé P Wi ke taséifierarits en votfyiay iteence
querj, o the other classifier units in the classification processing.

Acco dl rPrRiRant sOREYRIN G ERO6¥9%3ke present invention, there is provided a

met hod of event detection conpri-sing the steps of: obt ai ning respective.

otpost e scitedpt WeBfePe ey ol “GaBe, i SRR e

cl assi-fi elasstflcamcm mocqsbreg fctrohel.l h\tenptleteetiqnt y: of 'sensors, wherein an event i S
det ect ed based on the: sensor signal processed i'n one cIassrfrer unit as a
mai n evi dence; and issuing sub-evidence queries to the other classifier

uni-t for- r'acThe'mth'in@eammaﬂmemmm@m@%mmm@mmetmfrq'ner unit.
25 the sub-evidence: e qu ueries th'tfe %Epagssrﬂ@-‘(rnﬁéjimé agssﬁ:fﬁ:raﬁ&pprb§é£grgt he sensor

signal into even egorres using a categorisation unit sard one
classifier unit.
' Accordmg to a second aspect of the present invention, there is provided a
method of event detection comprising the steps of: obtaining respective sensor signals
20 -frorn a plurality of sensors; and processing the respective sensor signals for the event
| detection using respective classiﬁer'units coupled to the plurality of sensors, wherein an
event is detected based on the sensor signal processed in one classifier unit as a main
_ evidence; and i rssurng sub—evrdence quenes to the other classrﬂer units for facilitating the
- event detectron usrng said one classrﬁer umt
25 L | o |
The methodj may comprise categorising the sensor. signal into event cetegories

.using a categoris'ation unit of said one classifier unit.

The meth'odzmay comprise r.rsing one or more parani_eters from the sub-evidence
30 queries to the orher classifier units in categorising the sensor signal into the event

categories.



The nethod may conprise using one or nore paraneters fromthe sub-evidence
30queries to the other classifier units in categorising the sensor signal

i nt o t he woentl/eatéegori es. WO 2011/ 025460PCT/ SG2010/ 00@8T5G2010/000311 The

met hod may conprise verifying a dom nant signature in the sensor signal for
the event detection using a dom nant signature verification unit of said
one classifier unit conprises. The nethod nmay conprise using one or nore
paraneters fromthe- sub- evi dence.queries to the other classifier units in
verifying the dom nant srgnature in #he sensor signal. The

nmet hod may ¢ erformn IfLc vent -
10det ection, ﬁnB 'éocﬁ@@hf:%prl' ﬁ'f@ %h?rﬁhgﬁ%@a g‘?g;rﬁt‘zthgga’ts%? lrbna fﬁrn t. The
met hod - rtﬁg'ewmeﬂesﬁbmmma domrnamt sngnamrpaemfmatlarr gnitf of sAidtdne classifieruniience
queries-tQ t:he. other classifier-units in the classification processi ng.
15Accoraﬁ°ﬂ’é’"f%s a th| rd aspect -of - the present invention, there is provided a
data. st-or-age. medi um havi ng st ored -t hereon conput-er program code neans for

i nstrzucting t f n, and
o e TR raf KO SR ST o BRlsMa i RO SR BCH T
Enbodi meavesesfo theeothaw elassifian upits fin werifsiegtte detinant sighatus i Mea ANSYr appar ent

to one. C%gf%[;d' nary Skill in the art fromthe following witten description,
by way o exanpl e only, and Jin conjunction with the draw ngs, in which:
Figure 1 is a-schenatic draw ng illustrating the confrguratron of an audio

and vi-deo aV"al"r@nﬁtéﬁroa}’rﬁaye Bbihprisd: pértormmy tlasdiftatiorn pRstiesding) férotharnevexanpl e
embodi nent of ‘the present inventlo
10 detectlon usrng a machrne Ieamrng unrt of said one classuﬁer umt

- The method may compnse usrng one or more parameters from the sub—evrdence o
N ;querles to the: other cIassrﬂer umts |n the classrﬁcatron processrng

15 According to a third aspe:ctf of the present inventid'n, there is provided a data
storage medium having stored thereon computer program sode means for instructing a
computer system to execute a method of event detection, and as defined in the second

aspect.

20 _ B .
" BRIEF DESCRIPTION OF THE DRAWINGS

bEmbo'diments of the inve'nt'ion will be better understood and readily apparent
to one of ordrnary kill in the art from the followmg written description, by way of
25 'example only, ~and in conjunctron wrth ‘the,. drawings, in which:

: Frgure 1 is a schematrc drawrng ||lustratrng the conf guratlon of an audio and video
awareness system for lift monrtonng, accordrng to an example embodiment of the
: present invention. o
30 SRR |
Frgure 2A is a ﬂow chart rIlustratrng the system archrtecture and processrng steps of an
audio and vrdeo awareness system for lift monrtonng,_ according to an example

embodiment of the present invention.



30 Figure 2Ais a flow chart illustrating the systemarchitecture and
processi ng steps of an audi o and vi deo awar eness systemfor |ift

noni t ori Mg 201122640di Ng t o an exanpl e enbodi nent of t hePpT&ss20m/0nestent i on.
5 Figure 2B is a flowchart illustrating the systemarchitecture and
processi ng steps of an audi o and vi deo awareness systemfor |ift

moni toring, according to another exanple enbodi ment of the present

i nventi on. Fi.gure 2Cis a flow chart illustrating the systemarchitecture
and processing steps of an audi o' and5vi deo awar eness systemfor |ift

noni tori cor u nt of .th r nt

i nventi. d@rrgure% 1 a&{ lj'g rtglﬁrsgr @gfh'ﬁs\ﬁy%ﬁ@r?rc '%%E‘é‘? ?ﬁPW@e%?'%%ﬁ‘gd&?%r event
det ecti- mdroasnwwldedslgmtaﬁer@es EQstemafop litt reor‘nlodngreadcoming focanmtiess eextamiplevent i on.
Figure 4: is. a: hemat i ¢, .of onput-er system for inplenmenting the nethod
and systeé’r‘l?"ld e’l%\‘?g Fp&eesteﬁtc'ﬁ"ed‘ﬁm?w DETAI LED DESCRI PTI ON Accor di ng t o
enbodlnents of - the present |nvent|on there is provi ded an audi o and vi deo

awar gness, tﬁ'¥§ eg]a(f%l(l\s t!:l‘lafrtt ILEB'Q {heggstegﬁ%rﬁﬁ@mfré ahg FUceé’gu‘;r)df §tbpd 84 an

|ntelllge e Cco utalons SIgnasfroma
pl urali: tgudmf angk vigeo awymess BYSthl'IefOlf it mmltwgd@scqrdlpg ite 8, futther exagwlem i s

descr.i: beérnlﬂddrr{l@rit%ttdngrpresgeﬂfiinlérltlbn(el evator). However, it will be appreciated

by a person s art that the audio and video awar eness system
descri bed herein may be used in-any suitable environnent or |ocation.

25Some:  Nakirk Ars atibwl dHardREEALAG b GRetNY foRelah betsticy, Sc&%ﬂlh?‘&b Ahy or
inmplicitly presented in ternms of ~algorithnms and. functional or synbolic

repr@serﬁ’@f‘l%gn@Pd'"@p‘éPﬁhP@ﬁ%s%ﬁ'rﬂét‘%P%th| n a conputer memory. These
al gori.thm ¢ ‘descriptions and functi onal or synbol ic' repr esent ations are

t he means uséd by t hose ski:lledin the rocessi o conyvey nost
ef f ectivVidgyerhés éuﬁfg‘ﬁ'&lﬂ{'@ foat°ﬁglpl“t%? af8€l'f8P'§"?l’<’Pﬁ$ rfﬁﬁ' an eyart

An al gorgyglgmi@eweetem general ly, concel ved to be a self .consi stent
sequence of steps leading to a. desired result. The steps are those
requi ring physical mani pul ati ons.of physical quantities, such as

el ectgical, magnetic or optical 'signals capable of being stored,

t r ansf er hedanE Y BESRRIP U AN ed, -and ot herwi se mani pul at ed.

According‘ to embodiments of the present invention, there is provided an audio

and video awareness system for lift monitoring that comprises an artificial intelligence

20 (Al) system that fuses the computations of signals from a plurality of sensor types. In the
following description the system ls‘described in relation to a lift (elevator) However, it
 will be apprecrated by a person. skllled in the art that the audio and video awareness

. system descnbed heretn may be used in any surtable envrronment or location.

25 | S-ome pdrtions of the description which follows: are explicitly or implicitly
o presented in- terms  of algonthms and functional or symbollc representations of
-operations on data within a computer memory. These algorithmic descriptions and
functional or symbollc representatrons are the means used by those skilled in the data
~ processing arts to convey most effectlvely the substance of thelr work to others skllled in
30 the art "An algonthm is here, and generally, conceived to be a self-consistent sequence
o of steps Ieadlng to a desired result The steps are those requmng physrcal manrpulatrons
B of physrcal quantltles such as electncal magnetlc or optrcal signals capable of bemg' .
o ‘stored, transferred ‘combined, compared and othenlvlse manlpulated 4



WD 2011/ 025460PCT/ SG2010/ 000311 6 . Unless specifically stated O herw se,

and as apparent fromthe followng, it wll be appreciated that throughout
t he presewbD 28pdesfobcat i on, di scussions utilizing terns ®ATISGaGI0/8E@EANNI Ng",
“cal cul ating”, "determ ning", "replacing”, "generating", "initializing",

"outputting”, or the like, refer to the action and processes of a conputer
system or simlar electronic device, that manipul ates and transforns data
represented as physical quantities within the conputer systeminto other
data simlarly represented as physicd quantities: within the conputer
system or other ‘i nformation storage, transm ssion or display- devices. 1.
The present 'speci fication also disclaoses apparatus for perforning the
operati-ons ofuniés sﬁi@t:rh@él?sta&wdithamw ahdias apparére feopethe dollowingoit silthect ed f or

h
ovi o eameeoslror Eisuchi TBY mESF RFr GBS A buct AR FATRUASLAPC 01
in . the Cecgnhirg’, - Tatcutstiogh i t“hetemmdgdl s‘}némgmgﬁreﬁgeneraﬂnglerélnmahzmg not
' nher nt.l étpbrgllgg't e(?g tﬁe rlul%ly t%? tﬁejla@lrdpn gﬁzﬁ'ﬁ&reséys &ty%m ﬁgér}é'rﬁ o}/ar I OUS

general. - |5’ rans |nacor ce.wth the
t eachi ngsmharreéecirom&l demca,adhatvrablyipulaiee wdrtanstgonfr datageprasenteds pephysical ed
appar at u it iRSpker t&%ﬁgtgggeﬂr {ﬁr&p Bd: SLERIIERY EfiePRILE bRskal The

structur 2 COnvent o neral purpose conputer w || appear fromthe
descri: ptquamtlmsl within be computermstgnupt iother lt\fnenatroes%wege sE@tﬁ"f'?%%.’t Pbn al so

|rrpI|crtg,¥|gL g&ges a corrputer program .in-that it would be apparent to
t he erson S inthe art ‘that the indivi dual  steps; of the method

desct-bed herein may be put into effect by corrputer code. The conputer
programi's nofpd &b@él’ﬁ%ﬁeélﬁbah&t hkmdtserésés)aawatpefdrlp@ubmﬂngamgrpamrbﬁ@
Ianguage 25and ‘i npl enent at i on .t her eof’ Bg appr e ed t hat

var Loty effing Msgioarioup SPPHGTERL DS FoFAUM FARHEHER Lo hapuseR BURERRo

i Mpl emengr i coRpRsE BGenelal ‘pb@ode &Gﬂnﬁﬁﬂél‘ er ethat deviesisélectively. aciatedver , the
conput er i nt ended imted to an Cg)ntrol

t
f1 ow: Th@r"@"f%“éera’rﬁiyan%?ﬁ‘é’l‘te&a‘t’ ?%[ﬁt“s s‘t?fe‘{ ik & FROPEF )r;]:rgg raaq%%H'\'/'\'}(il?r Sﬁ can use
di f f 15 endispiays br@beﬁté@hérew arb oot intierzmtly relgted toamy partisytarrdompater oc offer of t he

f : .
b ogr an AP Yariais e FiA (g sRo RS, TEhate (b M fiogfens S8 MR1" €
conput er awommewitayhéykeadtmgse‘[érmn Alteynativetp,the construdiédn of marelispenializee
conput er a# q?&ﬁ? to éFPo%‘{ﬁ% Pe%xllre@me“'ﬂ)% stg Sy ﬂgggeﬁWrét@ST Mgﬂcﬁﬁ? gpgnetic or

opti cal r , or ot her ora e Ices suita
i nt er f actonyeniidrial Qergaeai@umlosépmrpwer \clbﬂpm%rfromﬂhedeﬁmpmfbbe‘wéadabl e nmedi um
May &) so include a hard-wired medi um such as exerrpl ified in the Internet

system or wireless: mediumsuch as exenplified in the GSM, nobile
t el ephone systreddiip templrsent speejficaipnnaiee |IBRLMY gisglogse At@BPHI such a

general - P%&Qﬁ &n GRATRUVG i eéfaeséreuetoythé ‘?)‘ékgohsskllléd mrramat e ihdiadual
i npl enent s the steps of the preferred nventr&g?may al so

be inpl eReRs &f thes "}?Mv@ﬁsé“t?ﬁsldrﬂﬁr@@ mﬂX)P@ %H’tt? &ffectyby ?95“‘?”5%[ e sense,
a nmodul ecbrﬁp@terf bragﬁah%aiot Ihedrdiea ke be Uitbd eheadyoatbuiae pragsamminighanguage

25 and rmplementatron thereof. - It wrll be apprecrated that a variety of programming
' languages and codrng thereof may be used to implement the teachings of the disclosure

. contained herein. Moreover, the computer program is not mtended to be limited to any
particular control flow. There are rhany other variants of the computer program, which
can use different centro_i flows without departing from the spirit or scope of the invention.

30 : - L S

o Furthermore one -or more . of the steps of the computer program may be
performed in’ parallel rather than sequentrally Such.a computer program may be stored
on any comput_er‘readable medium. The computer readable medium may . include



10: ot her conponents or nodul es. For exanple, a nodule nmay be inplenented
using discrete electronic conponents, or it can .forma. portion of an
entire elwotnami2s460i rcuit such as an Application Speci f PCTISG2e®roatad
Circuit (ASIC). Nunerous other possibilities exist. Those skilled in the
art will appreciate that the systemcan al so be inplenmented as a

conbi nati on of hardware and software nodul es. 15 Figure 1 is a
schematic. drawi ng il lust rating the configuration of an audio and video
awar eness systemfor [ift monitori ng 7 desi gnated generally as reference
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roor 11 arelatlv acoustic .si se rafio. The
audi o i effestiyaineesultsonan ﬁnpyﬁwutm Ira@emst\tﬁéh%%tap%oféhgnr&f%'redtm@h% nt act

m crophones 106a/b / '116a/b provide vibration signals and the (CCTV)
canmeras 108/118 prOV|de video signals. The lift control nmodule 126 is
connect ed andTheninvesiiat mayaisuobe WR“H“?"H@d ap herpdwarsmodyigs. n Mote partigiiare

comuni Cﬁ\tth@rham& @eﬂs%4 al Rod@é iid btf@ﬁ&ioﬁélrﬁdr&bar@furﬁtr&slgnéé f&r od& wiper ati on.
It will be appreciated on sKki ed |Hvthe art th%nzﬂ%lthou h the

er
syst . 10heC GPpPANSEts o F‘Pf"t"gg Bramp s gnay 199 ¥$'9 can be
noni t or. edlscrbt% éléétl%hucvwmb’oneﬁtemﬂolt <ah [férm alﬂdrﬂicml Gf én ‘eht&eoaébtd&ﬁlcfcﬁduft o the

anal yti-¢ 108/ 118 are
Y Bl o giop, Spegific ned o e i ASE Mo bt Bodl BoRioBhs o Ve
CCTV: Cﬁ.nﬁilﬁs %ﬁj&é $difled inahe antwulnamre@htertba tﬂ:é)@lydtén chm%dobbalmblandged for

m crophones 104 ical engine 122 |ocate

exarrploe ?ﬂcgmp'i"%ll r?gi"arrd%v% ?ﬁdosc’g’wgf :}Hggmélway fo? exanpl e, through

co-aké al cables 128a - d. Appropriate anplifiers. (not shown) can be applied
al ong the wa A i - j I itized
by hr toar & 2FagseTAh MR ot isntsind e KpfiRiaRbI MR Aldo th) L 22
122) i nt videld givarehesst systams fas Uiimenitorng Glesigmated gederaliy Ag refgwnasnusvie@hal s are
digiti Ze(i' e @dl‘&h&iooér? SmbYSHnER of the preSERY irRkrtdnbe | ocated within the

analyt|ca engi ne or drgitization into audio streams 10 e.g. in the
format. These digital video and . audio streans are synchroni zed using the

anal ygi cal enghdiesSteh? 2140 BonfpidsP At iiftshe 02/, Odn tél%ly'hc@l' @hg.héaaz@n The
anal ogue signals fromthe 3 types of sensors are processed

anal yti clmpEmgnted orpa compites; A CMMBITRRIPD Madkis] hanb e "ﬁkFé’"f"?'d@gd"B? sensors
used i n azevesdcRof #e 2° ﬁﬂsamﬁneéon@dm@e i3 ﬁémseasorﬁr@ebeé@clﬂiuheéleﬁsaﬁor s is

called b nmast er si fier om gflave I f| assogi WI th the

remai ni ngcéf}ge%a"ﬁ'a §Q§(§£$stw°lfi9f‘ @°"?ﬂgb€@/§{eﬂ§ﬂ§ r%%edﬂ?e‘? Py driven

]?y audl 0|o'weabyr&s ofSthie Mift twalls, arhaudio amqhwne mngnalemtﬁdumommnfdeénmrgn ni ng
act

(oL, it S o338 VA8 e bl s BBl R T, THRCL O
audio mlcrophones 104/114 prowde acoustic audio sugnals the contact microphones A
- 106a/b / 116a/b. prowde vnbratlon sngnals and the - (CCTV) cameras 108/118 provide
video sngnals The lift control module 126 is connected and in communication with the
analytical englne 122 and/or communlcaﬂon module 124 to facilitate control of the lift's
- 30 operatlon It wnll ‘be appreciated by a person skllled in the art that although the system
o 100 compnses 2 Ilfts 102/112, any sunable number of Ilfts can be monltored In other

words sensors from multlple Ilfts can be fed to the analytlcal engine 122.



20 be used to verify the validity of the detection fromaudio signal. This
entails an internedi ate process involving technical queries to other
sensors twokwilods4p t he evi dence for deduci ng the occur PEmSE2a1i0/00¢3e1
particular event. It will be appreciated that nore features can be expl ored
in proportion to the capability of the conputational platformavailable. 25
The system 100 can also conprise an alarm system which is raised when an
event ‘occurs and- users can sinultaneously apply two types of al arm

mechani sns: le stributed mechanism W8en an event. occurs, the anal yti cal

engi ne . 122 di d ni cation
modul e 124 tc‘f hgcéd%-}s«( %%gltﬁﬁ% ﬁ%ééﬁasaﬂma‘é)ﬁé?gél ghgfb‘é érjtljéueC 7Y ear@%g(s:ocoﬁ%t i on. The
user: carsppefidaionn Theernalpgue isignalshdiokn Weppmngamms t198/1¢8T\¢ontadleo f eed
prior, .v'trmcloghld& B/BPRIEDS bRk sualstrﬁ.er'aperlbs ﬁ)ltﬁtﬁrHr&QQnﬁﬂ‘tﬁé‘éﬁélfll&Hls' y

al I'ows bui’l owner.s to -manage-t hei nor.e. ensive

2011/ 02R0g0P slmmﬂoocsqrmple ibailift SPetag reame ac@lﬁttan@ﬁ away fséeéa@réa,t ed

r enigel nroigh §438P bsbied lllzawgru ac\;?p%daereedmsm (it 3hbRR) &35 bEMppReccont r ast
in the prior.-art, users have to - desi gnated nonitoririg stations since

connect ialangythe way tgrmaiptaty signal cﬂtlaW nB’t“F fidep Rigrglscare Q'QlP%ﬁS’gW b#fevereess ages.

Cent r al i ghRedare phmen say b RBatea vﬁthﬁﬂﬂwe%%&al e&lgnetufz» Grith lmaagtebams
respectlve Vi deo segment are sent via.the comuni c on nodul e to a web
orvor (et 28 Hbahe THE aHcle A CMEFL IR e SRRt PIressar (M uoe

ar It ific :c rAdy hisé aé |Idoﬁ%d%tl‘ﬁr0tl’ﬁ&ﬂia@ﬁca‘lﬁghglhe ﬂaiﬁ] fos )fgitaamt |hfoyadmset$éaa':]s t he
rul e o) en 0 e t t {
e A RSt ol &g&lmdn?ae.agﬂtoewa@%%r SRS 'l%e%t‘l?é"q(/e\zg

N the analytlcal englne s 122 time stamp at the time of thelr d|g|t|zatlon

s The analogue signals from the 3 types of sensors are processed at the analytlcal
o ”.'engrne 122 wherein mformatlon from one of the types of sensors used in a master o
15 classifier and information from the other sensors is called by the master classifier from
slave classifiers associated with the remaining types of sensors. For example, the
system may be primarily driven by audio analytics in that the microphone signal is the
main determining factor in dedu:cing the occurrence of a particular event. Upon a
_ susplcious detection from an audio source, computational results from video feeds can |
20 be used to verify the vaIidity ot the detection from audio signal. This entails an
‘intermediate process invoiving technical queries to other sensors to build-up the
- evidence: for deducrng the occurrence of the partlcular event. It will be appreciated that
’::'more features can be explored |n proportlon to the capablllty of the computatlonal
platform avarlable o ‘
25 - ‘ |
o The system 100 can ailso comprise an alarm systerh which is raised when an
.event occurs and users can simultaneously apply two.types of alarm mechanisms:

Dlstnbuted mechanlsm When an event occurs, the analytlcal engine 122 drrectly

30 - sends out alan"n notrﬁcatlons via the commumcatlon module 124 to a desrgnated user's
o mobile phone through a 3G connectlon The user can perform a verlﬂcatron check by
playlng ‘back the CCTV video feed pnor to taking an appropnate action. The system 100
advantageously allows building owners to manage their I|fts more comprehensrvely



Figure 2Ais a flow chart illustrating the system architecture/processing
steps of an audio and video awareness systemfor lift nonitoring, generally
desi gnat edoasi11lBs4eef er ence nuneral 200a, accordi ng to amrcCeEssaplo®o@rbodi nent
of the present invention. The system conprises a plurality of classifiers:
an audio classifier 252, a vibration classifier 254 and a video classifier
256. The classifiers 252, 254 and 256 can performeither as a master and/or
a slave.classifier f or dlfferent event detection tasks. In exanple
enbodlnents ‘dependi ng on'the type of event, information froma first type

of sens %0@85@2 aH? ntrdl @n"BE E%cpféggt%a‘loftélﬁ " fof %Qamé\eof Sdlhoél 3d padde

r emai. ni sensors 1s ‘mast-e frer from sl ave
c: assi.f icomsnumstion aysiemwin kontrast, rie the mnnrgartypeejs drave éﬁsh?r at desgignatagst er
cl ass

y c%mtbﬁnd;&ggorts smc%uéc\fl\?ﬁg{:ﬁwt% %’g?'ﬁéﬂ?%”é\a‘?\ SHiy ABKiFE HRNLsdrs tritdudre mi" n

evi dericé ne. sensor cl a55|f|ers are used to confifm

t he occuﬂhpémﬁésaﬁesthe event using- sub evi dences from ot her sensors (vvnerel n
t he %ub 25 - eV| dences are hot directly |inked to the event) '

Advant: ageousl t he detection_ of-each event is Er ocesse ndependent|y.

However, at AreptrakzedimeshanisRe Wensan eyest ocous. a Bt!f'cat‘ﬂl‘ PPN MI ng
concur.r %éoléebﬁheﬁl@ére(‘stenﬁ)l@ fHeSconrAurikiibh hfaulet 124 tb rad@étesuimit(nmrsnows)sl ng

steps in each-of the classifiers 252 254 a r ef bl

synchr orfit 2@Nti3li pgptianc I’FFWEF C%btheW?GE‘%F@g@ﬁ% @éﬁ% %75?5’311 10
anmﬂ ealsgf(s)lbwdaaweloasbuermgmel méydﬁer@agagest ithiss peigeamroed twith. pTresence of
oreground o m vi dep: si The ‘bas ha round
obj 015 TEGPRBS o frekhe e e e abnar vRL vefbalin s PaRsh g iehe "
bandwi. dtéem& the SI gnal in the frequency -domai n- Exanpl es of -m d- IeveI '
queri és include: = Presence of ' hunman shape/- model- ‘and -nunber of peopl e

(vi deo)_ Pr esence of ‘human screans/ shouts (audi o)
S Flgure 2A is a flow chart: |Ilustrat|ng the system archltecture/processmg steps of

'an audio and video awareness: system for lift momtonng, generally desrgnated as
16 reference numeral 200a, according to an example embodiment of the present invention.
The system comprises a plurality ‘of classifiers: an audio classifier 252, a vibration
classifier 254 and a video classifier 256. The classifiers 252, 254 and 256 can perform
either as a master and/or a slave classifier for different event detection tasks. in exampie
~ embodiments, dependlng on the type of event, information from a first type of sensor is
20 used in a master. classrf ier and mformatlon from the remalnmg types of sensors is called
A by the master classifier from slave classifiers assocnated ‘With the remaining types of
sensors. The master classifier is, used to suspect the occurrence of an event usmg the
© main evndence from one sensor, whrle the other classrﬂers are used to confirm the
occurrence of the event using sub—evrdences from other.sensors (wherein the sub-
25 evidences are nct 'directly Iinked'tc the event). Advantagecusly, the detection of each
: event is. processed lndependently However, at any one t|me the classifiers 252, 254
~and 256 are running concurrently to detect events. ln} addition, the independent
processing steps_ in each of the classrﬁers 252, 254 and 256?are preferably synchronized

~ using a common:time. : o |
30 o : | ,
gE In example embodlments the master clasS|ﬂer querles the slave classifier on the

: presence of low-level mid-level and high-level lnformatron



10 , Presence of banging inpacts (contact) .Presence of rattling sound

(contact) , Exanples of high-level queries include: Presence of
aggr essi weormt/mmofvi deo) 15 Human posture estination (PCHSGR010/000311
Presence of violent actions (video) One exanpl e of the use of the

audi o classifier 252, functioning as a master classifier, can be for the
detection of crinmes against soft targets (e.g. the elderly, children 20 and
wonen) 212. At step 202, an audio sound is detected. At step 204, the audio
si gnal  goes througha: nurrber of - sarrpl"png and pre-processing tasks that

i ncl ude -t he renmoy: pal re-sanpling. Categorization 206 is
per formed by Et%ﬁ@p%ﬁdﬂ?wq eigl" rfeesrncg%% wher ei-n-the audio 25 signal is ‘
cat egori: zed Icﬁaﬁge§m|seélie’dimhe piiesents" of foregioord oljects (frare videasignal) -
normal/abno ¢ fer roces n s ‘are taken fromthe -
categorizali o rb@§'ﬁDk‘§pe?—f esgtr%rlfp Ob“g# &fa%gfice_ audi o signals are further

i nvestigat ed wmtmcwmthﬁlwtwdmfcmmﬁal situations such as footsteps,
nmovenent. sou iati.on t he nar situations initiate an -

i dentifi cali gﬁ‘e(ﬂané‘ﬁ'fj%tﬂﬁ?9'?535‘(";'3?]8%?'.553?&%95 to an event. Queries 30

(I ow1 eveI) i ndi cated. at nuneral 260 to the video classifier 256
(slave cl ass er d: ct detecti:on 229 and hunan nodel

det ectiion 23(#’?1“@?5og%%%t’glq%%ﬁ?ss'{‘&%gt he accuracy of this categorization.

| f the-audeo F&e&mé of Burhan i;hapb/nmdel‘ammahberoopeonbe oideort is detected,
further clas frcatr not d. Techni ques for foreground 11
obj ect det écSFBrSﬁe%ﬁ(? ﬁ‘tlﬂ%‘%s%%%i’étg'&"q‘g@% are .understood in the art and
wi | [{onot. be dersﬁémb@dbangmg‘rmpatter(tr;wﬁaﬁ)l Reference is nade, for exanple, to
(i) "Adaptrve Bac rog Subtr t “with Miltiple Feedbacks for Video
Surveill ante,? TOTut i ng, (Lake Tahoe, Nevada, USA., Dec.
5-7, 2005) pp 380 387; and (rr) Li yuan Li,. Wei:m n Huang,  Gu, |. Y. H I'
Lenen, ian, "“PBri resent ation for trackl ng persons,

| EEE Int er nat 'esﬁwﬁqt%?é%&%nqi%ﬁéom Man and Cybernetics, 5-8 Cct:
2003, vol 4, lprpserik!é@:?aggréﬁsl@)moﬁdme(vden)t ents of which are herein
|nc0{£orat ed 'IQB/ referencg dag)atr on of dom nant signature 208 is also
carri®ed out’ aFUPALPEIYPS %’T‘% '8 252. The 'audio si gnal is analyzed for
t he presenee Bifeserwertm_mobhaaarohe(wdaobc of crinmes against soft targets such
as shouts and cries (e.g..: short duration, non-repetitive high pitch
sounds wi th narrow spectral) Donmi nant Signatures in the exanpl e enbodi nent
are knovvl edgeObasadmpler afrtbe arse aftthe aligio plessifins 252n fupetiening, ap & Magter ar

event. ?sﬁf}'eqt&)n q%%éﬁhé BERcH fcﬂ Hﬁﬁak‘agarhét <3t tarﬁ%%g ﬂt@‘éﬁﬂerlg%ﬁur@ﬁtl on) of

a parti cufar i rning dassifrcation 210 usin

vei g20 edamdauomee)szﬁr ohstepdPd anridia spundiivfetsrtga Mstens204. e dq %JQ'PPéd at the
audi o cl gééé thro%gh %5% bIP@f s‘éﬂﬁbﬂﬁg i ralBtaccadin Qaskd itk rchiE SreRtRBIRNt er i St ¢

of crinmes agal-nst so targets-1o. det ect the presence of
'~ noise. and srgnal re—samplrng E

..Categoriz'ati‘on 206 is performed by the audio classifier 252 wherein the audio
25 'v signal is categorized into ‘silent/non—silent’ ‘voice/non-voice’, and ‘normal/abnormal’.
' Different processing threads are taken from the categonzatron results. For instance,
) non-vorce audro srgnals are further investigated rnto common metadata of normal
srtuatrons such -as footsteps, movement sound, - etc Devratrons from the. normal
| srtuatrons initiate an ldentlﬂcatlon of parameters that are precursors to an event. Quenes _
30 - (Iow-Ievel) eg. mdrcated at numeral 260. to the vrdeo cIassuﬁer 256 (slave classrﬁer) for
B foreground object detectlon 229 and human model detectlon 230 are issued to assist in
| -the accuracy of thrs categonzatron If the audio srgnal is srlent or “normal”; or no object h
is detected, further classification may not be performed Techmques for foreground '



20 crinmes against soft targets. Machine Learning classification

advant ageously facilitates a nore conprehensive detection of signals

conpar ed wo 20tw2s4pi fi cati on of dom nant signatures al oreT/SGhelorwaeshi ne

| earning classifier is preferably a Support Vector Machine (SVM classifier
with a super feature vector concatenated from MFCC, Prosody, Percept ual

Li near Prediction Coding Cepstra (PLPCC) and MPEG 7 descriptor. 25 A
Support. Vect or Machi ne (SYM classifier is understood in the art and will
not be described in. further detail. ‘Rdference is rrade for exarrpl e, to .

VI adi V k,  The t f S | '
Sp?l 'ng}ekbt%maﬁ"“% ‘I"%%ﬁl”g’dgbée é%@tglcf’?% u"tli {oglgﬁ'? %'%” %{d Wil gt % LB e herein
i ntcolr3 pordﬁseﬁbehgn gefrer detaﬂa Re’i@rence |s|mdtdéCt‘one&amptéetos(t)dAdaptwetBaekgxoWndand wi |l
no e cri.be f

o o SHASERY S, Bl oSl o SR S VR

Di ffer errl:ommﬂng,rr&;akaﬂ' Blooes Nﬂvada:(ttSA Dec.Coip203), r&:|3§0r<3§7 gandvi Liyuan

2011/ OZ%GWE‘E O’étPQWr %&Hgﬁctb ngl ek "é.f?‘r(c@a 5!%? %ﬁ@éentéﬂhg fgontent s

of which are er el ni acorpora referénce I 0SO I's understood in
the art taaottnngnpletsonsxt' IBRE lrjw@a’tlobel&qnfﬁrﬁmetmyséﬁ!v%u'\fa" s metics. §-8rade,

for exanglenpg é)a‘ﬁ i nBﬁ}W? H101(2}9tﬁg)conp ﬁfsC@fp\?H@h ald R&RIn rHE@rgor‘éfe'dV@Y (PLP)

anal ysi's of spé coust-. “Soc. pp 1738-1752 'the ‘contents
of whi: chre&f@q!ter ei n-i'ncor porat.ed: by ref er ence. Per ceptual Linear Prediction
Codi ng Oepstra (PLPCC) i$ understood in the art > 10 and will not be-

described i n: f-urther detail, Reference : is nad f or '
Hi r sthber g; JVerifiggtiop Aftsiominant sigRatute. 208 {s; also §amE9<r9€t ?tntg 'PrF'ﬁﬁF onal -

Speech. 34EFhe WotiteSEigHal Wamaera.emésmsweerbfBeaw1¢rtamufensa@escnmée
contents of which are herein incor orate qysh ﬁd% nce.
I t

descri pt?ﬂa"?sé soft dRrpete svigh ias sheutsand oiRs '°8e§?ﬂ 5588 F 'qrhrt her
det ai-] . - RehescRRES with da&de,spEeurar)emmhmt SigndlurSs ity exempie @Fbotioreht

o oo s ;pﬁgrﬂf%tssrgtﬁrt&r% e SVBL B PR s o7 10,
- 1 SBN Odehcﬂtbebﬁﬁfaﬁna'tront(ég lowimidével mfomriafmh of.a patiieulai signahcor por at ed by
reference
Machine Learning Classification 210 using weighted features from audio and
- . vibration signals is also performed at the audio classifier 252. The sound is compared to
, sample sounds characteristic of crimes against soft targets to detect the presence of
20 crimes against soft targets. Machfne Learning classification advantageously facilitates a
more comprehensive detection Of eignals compared to the verification of dominant
srgnatures alone The machine Iearnmg classifier is preferably a Support Vector Machine
.'(SVM) classifier wrth a super feature vector concatenated from MFCC Prosody,
4 Perceptual Llnear Predrctlon Coding Cepstra (PLPCC) ‘and MPEG—? descriptor.
05 ' I i
' A Support Vector Machrne (SVM) classifier is understood in the art and will not
- be descnbed in further detail. Reference is made, for example, to Viadimir Vapnik, The
Nature of Statrstrcal Learning Theory Springer-Verlag, 1995 ISBN 0-387-98780-0, the
o contents of whlch are herein mcorporated by reference
30 o _
; MFCC is understood in the art and wrll not be descnbed in further detail. -
o Reference is - made for example to. Fang Zheng, Guolrang Zhang and Zhanpang Song o
(2001), “Companson of Drfferent Implementatnons of MFCC," J. Computer Scrence &



20 : Machi ne Learning features are also known as data driven
features, in which the systemlearns the patterns of events by being fed
wi t h dat aweanpless6of the events. In other words, sanpl ePsosGdsiomhoseach
event are collected. The sanple sounds preferably cover a sufficiently w de
variation of the conditions in the lift for a particular event. Wth
25sufficient good data sanples, an engine (also called a classifier) is.
produced to recogni ze the: events The engi ne can be created by a process
where signals -are fed:to the englnéZand i nformati on about each signal

provi de s p es al]ed t al a | tentlal
spuri. ougT?P@& eﬁg)f 5@5%3@ tL% ?Qpﬁ el a‘p’"even{E ﬁ‘er%ln ﬁ'&' zyc’%?dso@gei '
trai ned nefetmtc'ehe engl ne as negative sanples.. An- engl ne that is created with
30 sufficient trainings of sanple data can cl assi fy a signal into one of
the event categories it is trained. In the exanpl e of scream ng detection,
data: from sarﬁrbsncbwemn;lersmmll ini the art mpdrwilipoarbe desicrieed i furihee det@ilocessed,

and . f8lfen{:<é [y @5&9 fblséﬁﬁrgl@‘f@ b@ﬁnérl%ﬂfsfll Q999033P5ﬁ&@bt%aﬁlllﬁbr Bredich®e

Neur al- ayesi an twor Vect or Machi ne.  Mat herratl cal

repr esen(t"éﬂ endystanf sprashha. Asewstt B0 iARy ﬁ%l‘*haltﬂﬂ Mo deethe cantants of
Queryi ngmtaf Qh%o?@l@?&d by YefdrdRel on e. g. indicated at numeral 260 to
eo classi

t he vid I er ave classifier) can be issued to assist in the
accuracy of this classifiCatian.  For exanple, m.d and high |evel

i nf or mat i on i mGkapes Cidear P%Hi&ibn@odﬁ@@é&tﬂar(PLPer i undurstoddhe meeﬁence of
aggresswe behavi our -respecti vel g F vent -t hat .t here |s|_%tﬁnIK951 .
*pertbn and wills nef e Pﬁ@”g%t'%nfyﬁ%? f’?t@ t Referenceglsy made o PXARiG My onl y
provi.de ﬁlré%b gng., ?\.l%cf:rhfﬁe Flﬁsﬁrﬁﬂgérﬁdlttr,thlB@el'rrrfehts iBEstional $pedch. 1EREe than ,
one pers e lift eve Qan e .
l\/leasgr err\&?fksﬁ?ﬁ pn %ggntpgeo&e %bﬁ? @ﬁ%%&l}ﬁﬁ%ﬁﬁ%?%ly@?c@ | aigm #e er may be

used -t 0 glesrp6rateagyrersedniee. behavi ours based on the 'shape- and Mtion
features-. extracted fromthe video. The featurés can include notion energy
i mge (MEl), notion history image- (MHO and notion rapidity i mage (M).
MR 1% under shA MREG-7 deberiptortis amterstood inrtbe aty@nd adlbndttbedieserifedrin etet ai | .

Ref er 2001
Feeny o7 Gsth el Encd BT Sambit, b o M) CPrifbrd saiebir (2001)-

| nt | - Con(Eaditen.c ena rThachaanSisoraCtiditet intfoductiont 9| MPEENT: Muglntﬁﬁllaswn@%

(ACIVS), Fﬁc?%lnterg%eclﬂn LRt Soref Aﬁmlzohz anepRes-§7 148d780, Y 8brithtd

reference e system et ects t resence of nore than one person and
aggr essrwblcbemrelnrmcomoﬁfﬁ@/w l’ﬂﬁf?n‘tenat a crime against a soft target is
200cggirring. - A crime agal nst a soft target can then be detected in

the exanpl e enbodi nent through the evjdence obt adrned via the rcﬁgesses of
cat egor.i zat i oMaciyes |-#araing |f%ﬁl”r6F aEF‘oﬁ'f?t%?W’bFﬁﬂétF iwen, fRAtYES 7 B¢ hing

classifi %érﬁrbarﬁssﬁle%aﬁérr(s S QNES 1B helify oY vﬁtlhbdatQEQMpléerwme)b\t@tmeml from
queries fromthe s|ave cI

vi br at i ofther Werds¢ ?aé‘f‘p'??ﬂ‘ ﬁ@?‘ﬁbéﬁe%lbarﬁscoge%%@ﬁF 581"8 lsﬁ%luﬁé‘? E’r% ea%ﬁﬁeolt or e
t he det egévepa sufficiehtiy@ideovariationsoflthé toritbna i trediftsfooé paetmdlat peant With At step
A A R L T
noi se anfeosgrgﬂeither@ents The engine can be created by a process where signals are fed to
- the- engme and mformatlon about each signal is provrded This process is called the
: _ tralnmg of a classrﬁer Potential spunous signals that. resemble a particular event signal
- can also be trarned into the engme as negatlve samples An engine that is created with
30 - suffi crent tralnlngs of sample data can classrfy a srgnal |nto one of the event. categories it
- t‘ is trarned in the example of screamrng detectlon data from sample events involving
screaming are collected, pre-processed, and sent for trarnlng using machine leamlng



sanpling. WD 2011/ 025460PCT/ SG2010/ 000311 14 , Categorization 206 is
performed by the vibration classifier 254 wherein the vibration signal is
cat egori 2%0 201n{a35468i | ent / non-sil ent', and ' normal / abnor REM/SG208P0EB11 ons
fromthe normal situations initiate an' identification of paraneters that
are precursors to an event : Queries (lowlevel), e.g. indicated at nuneral
264 to the video classifier 256 (slave classifier) for foreground object
detectlon 229 -and’ human nodel detection 230, are issued to assist in the
accuracy of th|s categorlzatlon I f t18e audio S|gnal is "silent” or

"nor mal -"; ob ect is ted, furt -assi t be
perforrre °Is such he Neum'ﬁ%gg@g Gy BF@P q{\’ ?@ \PEEE)W% %s ave
cl assifi mathematrdswreyrmamansaéanltbm ﬂ@usenmidrscnmatmﬁéremehtsgh l evel

i nf ormati on i-n"this enbodi-ment. and exanpl es of such queries have been

descri bed above Verification of donminant signature 208 is also carried out
at "t he vi br atQueryio &ssnitihigh i@l informatian &gaindicated iaynanerab2€hialthe wded or t he

pr eseétceglg srf%?ezééhgsr] t%rasﬁt('uér? c%guﬂgsrsguedgﬁ&”asgét lj ﬁnthéea&ur cfgwotb%s and

peri odi ¢ ‘% scratc soun
Machi ne. tlessifitation. o‘fms@qamptﬁatmldna@lblgbs Mgl invéargatien "fcb’é?ﬂrfb% ﬂumbﬁf &idi o and

vi brat.i‘ope o?l@rﬂ%eshfg%wdathé greQ@ éeeoof%gre%&ve B@héUlJUr ?ésp@&w@'yaﬁlsthé bGdnt dd- The

sound-i.s: r-ed urination sound [or “sanpl e sounds caused
by act's tbwera/landbuqnsmﬁrsqg lm’é\ethﬂothe@yasmay Wﬁ%‘ﬂ‘i %ea @@&rﬁ'ﬁrﬂba'@ BEPMY cat i on

advant aggyiik % Warainb it fHeYsasSeriger ﬁﬁ REINRI CHRRPSNE RSB GhArDBNDpersbrRaNS -
corrpar ed to the verification of-dom nant si nat ur es. ng%aéé%g for m d/ hi-gh

| evelOi-ntherliftag inigh leve) quprydp @aregeressivevieion mrergeqt ably assi fier

256 ( sl -aMade! ANsLfal ﬁéwvoﬂaaamﬁerwasé hisedas Hetdct aggrémeammmgs wefsetihi s
cl assificati on For .

nat lift  if there
is nore PhNF ep%tds'B rap feeﬂ‘l’éeﬁ extra C%?I‘fémg&%et ¥'HF?ratp F@gteﬁ fan, nelide o) se.
al arm: anfhotmy eﬁé‘by .magyl(nla)ammonlmoryomabe (M) exmgemoion tdmilﬂyufrlage o
Conver sel nl Qn is 4 th it C door
Che oyet ORIMIRER pSRRoRE £ iy Phfog blorBfIc Gl oclf kBl 007
3011 #5) . isAnbdd, tféresxacnpi; yo tquarbér araﬂMabeoKaH \Meusg (ZaM§ H'SDepigoys bnmani t 232
to det eC&\CtEOI?'IeDeteCtIOH for Video Surveillance," in Proc. of 3rd Intl Conference on Advanced
- ~ Concepts for Intelligent Vision Systems (ACIVS), Germany, the contents of which are
herein incorporated by reference. If the system detects the ‘presence of more than one
person and aggressrve behavrour it may imply that a crime against a soft target is

20 . _occumng

A crime against a soft target can then be detected |n the example embodiment
through the evidence obtained ﬁvi:a the processes of categorization', verification of -
dominant signature and machine leamning classification, assisted / confirmed using sub-

25 ~ evidence obtained from queries frbnﬁ the slave classifier(s). -

One example of the use of the vibration classifier 254 functioning as a master
. ; classrﬂer can be for the detection of urination in a hft 242 and acts of vandalism 244. At
. step 214 a V|brat|on sound |s detected At step 216, the srgnal goes through a number »
'.3'0_  of samplmg and pre-processnng tasks that include the removal of noise and signal re- : S

samphng



presence of urine or a liquid patch (e.g. vandalism caused by strew ng
liquids in the lift). WO 2011/025460PCT/ SG2010/000311 15 | Urinating and
vandal i stwprR0tIAES460ft can then be detected in the exanplPETSGROWI0AENT
through the evidence obtained via the processes of categorization,
verification of donlnant signature and machine | earning classification,
assisted / confirmed 'using sub-evidence obtained fromqueries fromthe
sl ave cIaSS|f|er(s) For events such as trash dunpi ng (abandoni ng objects
in the llift) 238 and: L flre/snpké4|n the lift 240, an exanple

| from t he GCTV canera
et ention, g%ééds”?%%lal“’?%"’e B BORGIRL"S, e YRioR' Gl 58 WG TRy “Toc
cl assi fi ¥brapige sigsakisoategotijedcintoSsipntnerasianti, 2!38 nomal/abaerl‘naﬂuﬁpvratg)n238 and
fi e/ SOl e hBAndlshiarRADriRed Sh R BFLAREn 3 Jhdile OB 3FJ ptogagihtpes. the

vi deo: cl assifier I s designated as
cl assifi@f el’%"td@%@?a@%'evﬁbeﬁﬂ indigated laé nlal'tﬂeﬁ 8p4 rathecvidiechelassifier |256 out

d I t | &3 sh
i ng, Son S eeslfef) 10 YRS (odt Reflelgpiod B hanh HSdeP BEclin 21000 o

descri be@redBid to P?ﬁﬁtéh@ﬁtaﬁf’ﬁ"éﬁy PfrfU@IC@EQQOB%ﬁt'ﬁn v'él*lef&lué@tﬁlml isf sitepionant

si gnat ur thoamal”; Reb iobject i€ a&taEtag, fﬁltl@éi'?clacsbﬁéétloﬁ'ilnay'mé( BrortdedM | | be
appr eci at ed that al ternative exanpl e enbodi ment's- may be i npl emented with

ei ther 20verification: of doninant signature or machine |earning
cl assifi cati ofheombster dassifiet Esbquellesczenbﬁ?@lslbﬁ Qésifier on the pre&dHcs ofBwL S @ f | ow

charjni t rchltect essin ste s of  an audlo_and
Vi dejti)0 aw%rvghé@slegg's%ﬁhpﬁ m'? ’ll’&ll?%’l P’&’é’ﬁ'&lﬁ&l I38 Ql?ﬁt‘&?“&% 25 -
refer enceuetlﬁemlaataebmm:escmedcabdvmg to an anot her 'exanpl e errbodl ment. of the
present: i nvention. Sim | ar to the system 200a, the present system 200b

conpri.ses a plurality of classifiers: an audio classifier 252, .a vi br at i-on
classifier 25Merifiqation of ddminapt stsrsatlﬂnee'a082§6lso carried out at the vibration classifier

- 254. The vibration 5|gnal is analyzed for the presence of the characteristic sounds of
- 15 - urination (e.g. low beat and periodic) and/or vandalism (e.g. high pitch scratching
: sounds). ’ ‘

Machine Learning classiﬂ:cat_ion 210 using weighted features from audio and

) vibration signals lS also performed at the vibration classifier 254. The sound is compared

20 to sam'ple urination sounds and/or sarnple sounds caused by acts of vandalism. As

o mentioned above Machine Learnlng classification advantageously facilitates a more
fcomprehensrve detection of srgnals compared to the verification of dominant sngnatures

Querying for mid/high level information e.g. indicated at numeral 264 to the video

25 classifier 256 (slave classrﬂer) can be issued to assist in the accuracy of this

classmcatlon For example, with regard to urinating in the lift, if there is more than one

- person in the llft the system may treat it as a false alarm and may only provnde a

warnmg to the passenger in the |ift. Conversely, rf only one’ person is in the lift and is not

o facrng the door the system may treat it as a true-atarm (i. e someone is unnatlng in the

30 - lift). A further query can be made to a Water Patch Detectlon unit 232 to detect the
: : presence of unne ora llqmd patch (_e.g. vandalism caus_ed by strewing Ilqmds in the lift).



. One exanple of the use of the audio classifier 252, functioning as a
master 30 classifier, can be for the detection of crinmes agai nst soft
targets (wWo.2011/2bwoel derly, children and wonen) 212. At PSTSG2@02003an audi o
sound is detected. At step 204, the audio signal goes through a nunber of
sanpling and pre-processing tasks that include the renoval of noise and
signal .re'-sanmpling. WO 2011/025460PCT/ SG2010/ 000311 16 Categori zation 206
S perforned by t he audlo ‘classifier 252 wherein the audio signal is
Categorrzed into - srlent/non silent' 1%0i ce/ non-voi ce % and

nor mal / abnor I rrer.al 260 to
the vi. deo cl agghtmg%Iﬁﬁdélé&\e\h'{cﬁgegsl%tf F%'}? Aorb%:‘ @?‘tggg&t?d é?ﬁ‘ Iaet ection
229, andeﬁ@ﬁﬂmeﬁb@ﬁpuﬁet@%t¢‘/dﬂen2300bialeed sdadbe processes sof categdmzaﬂmmuracy of
this cat QafHchioi loP Norditark hﬁgﬁ"étﬁ’rboa?d H2hide® 1 a?nlhgnolgssﬁ’ffcatl% téd]_(?r no

object is: det ected, further“classification he mast er
cl assi fi EPnfismed psipg F‘&emc?I‘?Eta;iﬂed\f@"tqmﬁffpérthgmatlﬁelagﬁm@hce of |ow 10

| evels midlevel and high-level iinformation in this enbodi mnent and exanpl es
of such: querrFs have been described above in relation to the Erevrous

enbodi ment . . FOr evalks sueh: 38 tRshHurpring (abandaniga ahigcts irodhe a3 apdr ri ed
out at - tﬂre/smwlwn thagnidddean &ampﬂﬂdetaétﬂah%@érﬁmlnntoﬁve%néétxrﬁﬁg d Qluebne
presence_o sfo (égﬁ.vacterl st.i-c_of S kme 15agai nst sof targets such as
shout's. aﬁ'&n% f"é’%q‘?ee FyPeEraqlr fer ar Abd sr‘%‘ﬁbﬁ P"°9%5%¢F’g'ﬁ $ieR <R6 dounds.
with: narremmveperséral ). Querying for m d/ high' I evel information e.g.

i ndi gated at: nurreral 260 ‘to the-video classifier: 256 (slave classifier) can

be i ssued t o assi st in the accuracy of verifi catron For 20 exanple, md
and' high. | eveThs. vities ictassiter Zﬁﬁcberdnmstdln&cmse@aénteﬁorpmli% trasH B@mpingt and
the pres r ectivel n the event. that there
i s only: g%gegnogﬁ?%%&gﬁfw\éqllﬂ%%aa’t'ﬁoe Q{utgg% ﬁ'ﬁfr cpétgot gignatires, e video o) ar m
and ray @ass) Bpﬁé@rl%ldesgmman@a mastee claasifenijersiave ¢iassifler i desiprawey sel y, i f
mor e 't hagy,GR&n4l IS tdS2 essi ve
Vot on NoLah nARs Albip2ddd i caidd ot dieflh f SHE o Blko 8 Rep e

cl asb'-:rflQ‘Fcuffﬁwedgff@§%dum@"léﬁéétﬂ@@gﬂssm the lit@4@vi our s based on the shape
and notion features extracted fromthe video. The features are notion

ener gy I mage gI\/EI) nmot i on hi story i mage (MVHO, and notion rapidity inage

(MJI). If the s&b‘stm &atbedimen &eé@a%eawemeemnantmmvpm arettand
aggr essi weifibation \of Gorhinaht sigifure %ﬁd YndchRk |dhrfihg RS Haveve! it Wibget 1S

occurrin
gpprecrated that' alternative example embodiments may be implemented with either
20 verifi catron of domrnant S|gnature or machlne leammg classrﬂcatron only, as wrll be
' descnbed below ' ’

Frgure 2B is a flow chart lllustratmg the system archrtecture/processrng steps of
an audio and video awareness' system for lift monitoring, generally designated as
25 reference numeral 200b, accordrng to an another example embodiment of the present
mventron Similar to the system 200a, the present system 200b comprises a plurality of
: classmers an audlo cIassnﬁer 252 a vrbratlon clas5|ﬁer 254 and a video classnﬁer 256.

» One example of the use of the audio classrﬁer 252 functronrng as a master
30 cIassuﬁer can be for the detectlon of cnmes against soft targets (e.g. the elderly, chlldren
~and women) 212 At step . 202 an audro sound is detected. At step 204, the audio sngnal
goes through a number of samplrng and pre-processmg tasks that include the removal of

noise and signal’ re-sampllng '



30 17 dom nant signature, assisted / confirmed using sub-evidence obtained
fromqueries fromthe slave classifier(s). One exanple of the use of
t he vi br avpanial2amei fi er 254, functioning as a nmaster clPassiGRiwpozan be
for the detection of urination in a lift 242 and acts of vandalism 244. At
step 214, a vibration sound is detected. At step 216, the signal goes
through a nunber of sanpling and. pre- pI’OCeSSI ng. tasks that include the

renoval - of noise: and Si gnal re--sanpling.: .~ Categorization 206 i s
performad by the VI bratioen lcl a35|f| &6 254 wherel n the vibration: signal is
cat.egori zed 'i.nto: ' 6il"'ent /non-sil'ent" and nornal’ /abnor mal ' . Deviations from

t he normal . si tuatl ons-initiate an i dentlfl cation of paraneters.that are
precursors: t Gatuyorastion 206 Qs peifersned mmeewo claesifier 2520whereiadhei@udianer al 264

to the. V' gggcl:ﬁ%&#ﬁzeg rlnt%Sgllt{n"f/h@%QIeh AgR) @%h)\mc&’o anEOHWaQHﬂ%n‘HQ“’ ect

det ectl uman t1'on are issued to assist in the
accur acpuehes fiow-level)e gcg. i indicatesh.at Inumeral 260dtoothei yidlen classifiesi 256n(slaver

" nor g’al c'cfsglﬁerx)"(torototgérﬁurtdso Lo |onf2‘2r9t Qﬁ& tﬁjnt"a‘hsh'lfodé‘vladét&ﬂloﬁB%OnQ"e be

perfo ter classifier ueries 264 the slave
cl aSS| f iissued to apwistgn dbeaeauramy ¢fdt\r5|cetea°ﬂzaﬁ°a |f3%ﬁuaﬁ&'9ﬁ1?bﬁ ‘pllang] or

I nf or ”ﬁt“g&ﬂﬁg%rtﬁa'&%%té&éd fuMher QackTREfsH A ”%ﬁ&cdé pedatieed. es have been

descri-be ve In relatton to.the previous enbadinent. - - Verification
of domi-nant ‘signature 208 i's also-carried out at- the vibration cl assi fi-er

(Z:ﬁ;lr al?er vi ?ﬂ'ﬂb'n%tegloﬁh@?lheﬂ T52aj1Rtie28b therslatvbctapﬁrﬁ@emgae pfestin of ow- = -
eri:stie.-sounds: of urin at di d/ '
vandQl | érﬂe{ dnig-levsl &ﬁdm'QmﬁV@dPM%I*dng@§oﬂﬁw A, PR IF? S 867?%7% Sh

| evel:. ueﬁéeﬁa\erbeengesdrmdueam\ednaélatmunetrwpraﬁdusmbdmwdeo classifier 256
(slave c assrfler) can be .issued to assist in the accuracy of '

classifiCati-on.. For- exanple,. w th regard to urinating in the lift, if there
i's nore. t-han \mn&camen sﬁ)ldommahhelghatﬁrte 208 is also carried out at the audio classrﬁer

: 252 The audio sngnal is analyzed for the presence of sounds characteristic of crimes
: 15 against soft targets such as shouts and cries (e.g. short duration, non-repetitive high

pitch sounds with narrow spectral).

Querylng for mld/hlgh Ievel |nfom'1at|on e.g lndlcated at numeral 260 to the video
. classmer 256 (slave classlﬁer) can be issued to assist |n the accuracy of verrﬂcatuon For
: 20 example mid and hlgh level mformatlon includes the number of people in the lift and the
presence of aggressnve behawour. respectively. In the event that there is only one person
in the lift; the system may treat it as:a false alarm and may only provide a warning to the
N passenger in thezlift. Conversely, if rnore than one person is in the lift, a high level query
to an'Aggressive Motion Measurement unit is preferably made 233. A Neural Network
25 classifier may be used to detect aggressive behaviours based on the shape and motion
- features extracted from the video: The features are motion’ energy image (MEI!), motion
' - history: |mage (MHI) and motlon rapldlty lmage (MRI) If the system detects the
- presence of more than one person and aggressive behavuour it may imply that a cnme ‘
| | agalnst a soft target is occumng ‘
30 IR , ‘ o
A cnme agalnst a soft target can then be detected in the example embodrment
through the ewdence obtalned via the processes of categonzatnon and verification of



30 the systemmay treat it as a false alarmand may only provide a warning
to the passenger in the lift. Conversely, if only one person is in the
lift, a Hw@Rrolza460query is preferably issued to a HunaRCPSS2U&H0E4L | mat i on
unit 231 to determine if a passenger is facing the door. If the passengeris
not facing the door and there is only one person in W
2011/025460PCT/862010/000311 the lift, the systemmy treat it as a true
alarm:(i. -soneoneg -i-s urlnatlng in the lift). A further query.can be nade
to a- vater Patch Detectron uni-t 232A7to det-ect the presence of . urrne or a

Irqurd pat vandal | use St ew in the |if
TR ﬂﬂ‘?rs%ayn BB THARd oo S0 SR S L Bk
enbodi nethe slabe clagsffiér(se evi dence obtained via the : processes of
categorization and verification of dom nant *si gnature, :assisted / -

confirmed 'using sub-evi dence obtained from queri-es fromthe slave
cl assi fi er ( s)Oné-exampleof thesusehof' the vibratioh alassiiengs4, dbetidong @g omastet s i n t he

lift)g 23§a%[f@ faawe%rrnh dbfachidiCor dnpst.o%‘tﬁﬁ rmgé?@ggcs SHSLR&sAR4! gori tgm

i nvol'ves ai’ni ng eo Si naI mera.at step 224.
Si gnal - |derp2b4:easwb@tlom soqrdps chﬁd Aesten 81613he signalzpes throuahoa @UE@@T fier 256

per f or 1My ihg 3R 'BrEh Eéés'ihgztg&s st hERSL ARG omisBith Lighg/amoke in

the 1i ft 0 not pro uce I'o or- eontact signatures, the video
cIassrfr%WﬂﬁB@ s desrgnated as’ the ‘master «classifier. No slave classifier
i s designat ed. -Event anal ysi s : atl step 239 can be carrred out drrectly by
the video classifier to detect- the occurrence of  trash du 238 or

firelnoke i nCaipgonzation 24 isyperiormed by e wbration Slagsifierogpd F‘e"i thest. ratl ng
the systibragérs Sighslaé uée?afzddnrtsc@rsﬁwm-ﬂbmpsnef néthadiaHomman Devistiess =

awar enes stem f d t ed f '
Sk LT RO A e R
25Si -l aain beert. I“Quatest(MIe\?émdd),mdidBﬁed)atemRiﬁralsm nthe Wileotassifieses6 a

2!52r glnljt(élaye &ga&a‘gergggr fheg,:o%%gga ete |on £i9 and2 E&mar‘?1 m\nglr getteétfgncﬂiﬁsy fi ér

15  are issued to assist in the accuracy of this categorrzatron If the audio signal is “silent” or
“normal”; or no object is detected further classification may not be performed.

The master classnﬁer 254 quenes 264 the slave classnc ier on the presence of low-
S Ievel mld Ievel and hrgh Ievel mfom‘tatron in thrs embodrment and examples. of such
20 quenes have been descnbed above in relatlon to the prevrous embodrment

Verification of dominant signature 208 is also carried. out at the vibration classifier

- 254. The vibration signal is analyzed for the presence of the characteristic sounds of
urination (e.g. low beat and penodlc) and/or vandalism (e.g. high pitch scratching

25 sounds) ' ' ‘ '

Queryrng for mrd/hrgh |eve| mformatlon e. g rndrcated at numeral 264 to the vrdeo .

. classifier 256 (slave classrﬂer) can be |ssued to assrst in the accuracy of class1ﬁcat|on ‘
o : For example with regard to unnatrng in the lift, if there is more than one person in the lift,
30 the system may treat it as a false alarm and may only provide a warnrng to the
- passenger in the lift. Conversely, |f only one person is in the lit, a high level query is
'preferably issued to a Human Posture Estimation unit 231 to determine if a passenger is
facing the door. If the passenger-ls not facing the door and there is only one person in



One exanple of the use of the audio classifier 252, functioning as a naster
classifier, can be for the detection O 'crines against soft targets (e .g
t he el derwg20tifi2bpen 30 and wonen) 212. At step 202, aRCABGROL090eMT | S
detected. At step 204, the audio signal goes through a nunber of sanpling
and pre-processing tasks that include the renoval of noise and signal

re- sanpl i ng. WO 2011/ 025460PCT/ SG2010/ 000311 19 Cat egori zation 206
is perforned by the ‘audi o' cl assrfler 252 wherei n. t he audi o si gnal is:
cat egori-zed ..:i'nto "si| ent/ non- si-l ent'® " voi ce/ non-voi ce', and:

| /:ab | '
olasert BF ”@-r%‘é‘egfts%ﬁ%t 8 85 5 WA Rl 2tsoRugRL 7 “fﬁ‘gﬁdéeﬁet‘??‘%%"gig and
human - nﬁdaherdmtety(nan(m n2ie taedVates Bat¢h Deteption ynit 239 tow@tes%ﬂt?rmewenee of hi s
cat egori rﬁt% o?? Fuﬁ LQﬁl(é‘g aﬁdéﬂ ?P@ause&b §tréﬁﬁgn s i B! © "5 or no. object

is deted Ication nay’ not erfornmed. The naster
classifier 252 queries 260 the slave classifier on the presence of

| ow level , rLagq%I ardNardiabin | iRV Ele it @nTenOBe | dbtbdied nentﬂedéme and

exanp es of suc queri es have. been descri bed :above in rel at |on|2c§l t he
previ ousembad"eﬁmidarwehttse evidence. oRfaingA L’é%upfﬁcﬁﬁseél AfseqtegrZBBNa 0 - usi ng

wei ght: edvécrﬂé%ﬂohetff édnﬂﬁ%r@%t&n@t@é\daé&d%@v icQRfirfieanaing bob-avidénceestiaine®d at the
audi o:.cl assif.ier chine Learning Classification advantageously .

faciI'i't.afre® qaefﬂﬁfy’rf@"b@ﬁﬁtaéﬂélﬁﬁ'@% et ection of si'gnals 15 conpared to the
verifiication. of - donmi'nant si gnatures. The. sound is corrpared to sanpl e sounds

h t t f t f t ts t { f
B e ordtyerts, B AL Vel ity e, SpCscOL el o s BEsRE S o
i ndi Eat eﬁtea;tndkturmrtwd ht?@ﬁota; Ehmpbd@eﬂﬁndlm&hmnmrol\lbsfbt(ta;hlagea v:nuassu f| er)
can be i'ss 0.as in the.accur i
and hi: ghs'%ﬁe}‘gpm ﬁ‘?%?@’ %ﬁt“efrﬂcﬁttfﬁ%" Z?ﬁ ﬁ%n@nQFE E'JBQ%% g%lt nﬁﬁte%( t and

t he presmembrseggresm ve behavi our respectively. In the event that there
i's only one person in the lift, the systemmay treat it as a false alarm

and may only provide a warning to the passenger in the lift. Conversely, if
nor €15 han oneTewisen classifier 25Geperfdms abjet spgmentatioNe2fb rAs EashsdympiBg i s used

then.to gfé &id i r@%gdo‘?(éa'\ e Ilﬁl%@vdo%t rRRREAuAR dr REntabiedishaAREs, TRé yi@@of eatures

extracte romt hefeatu es are notion ene I mge
nmot i on htlgssifiey 25ﬁa§1de§lmd andhentasien clagpifien Ny ﬁ'?ﬁg@aiﬁf )id d??‘g"ﬁt%‘ syst em
det eCt s EO&#&ESQ&Q%&@B 283Pédh B eried SutRe S byane viasg eRssifiero aeleattheur i t
may crine agai nst -a.soft target is occurring.

occurrence of trash dumprng 238 orfi f re/smoke in the Iltt 240

20

“Figure ZC is a flow chart iII’us:trating the system architecture and processing steps

. of an audio and vihdeo awareness system for lift monitoring, generally designated as

reference numeral 200c, according to a further embodiment of the present invention.

25 - Similar to the systems 200a/b, the present system 200c comprises a plurality of
cIassrﬂers an audlo cIassuﬁer 252 a vnbratlon cIassrﬁer 254 and a video classifier 256.

_ ' :éne examole of 'the use' ot'the aUdio ctassiﬁer 252 fun'ctioning ‘as a master |

" 'classmer can be for the detectlon of crimes against soft targets (e.g. the. elderly, chlldren 1
}30; and women) 212. At step 202, an audro sound is detected At step 204, the audlo sngnal K
“ goes through a number of sampllng and pre-processing tasks that include the removal of

norse and signal re-sampllng



30 WO 2011/ 025460PCT/ S&2010/ 000311 20 cl assification, assisted / confirnmed
usi ng sub-evi dence obtained fromqueries fromthe slave classifier(s). One
exanpl e obvotha/masssoof the vibration classifier 254, funeCTsG2og/oasia nast er
classifier be for the detection of urination in a lift 242 and acts of
vandal i sm 244. At step 214, a vibration sound is detected. At step 216, the
signal goes through a nunber of sanpling and pre-processing tasks that

i nclude the renoval of noise and signal re-sanpling. 1ocategor|zat|on 206
is performed. by the vibration .classifi®er 254 mhereln the vibration 'signal

S t t t/ |
T om t e nor hatestiatag 20F 06 PRRBRAS e ol opROAdTAsL G Re SRS % | O
gg i pg etslghalorszcategdlmneda\naot sﬂd@tfamn—slen(’l brmcle&wetv))gcee apd ‘nomtial/abredmat. nuner al
: e .video .c bj
det ect S5 PRI o BP0 2p 6 s Gb@T labaftrose Yol Rl AU o] BT
accur ac )foregrotnhd sbjecttdetgutiony 229, @nd hufnan hm@hde@cfmng%ﬁlaw issueq foaassist Br
" nor gar ’ttéé)acétx?ac?béfetﬁfs &a‘f’?@ﬂ%a%eﬁ thk Ilaf’.htbeé. 418 Skifeh Ar i“REmIERY"; rb?tnobe

per forne er-class 54 queries 264 the slave

cl assi-f iobjectin deheteprfgsbercstasgfcatmmmt bepetormedel and hi gh- 1 evel

i nfornmation i n.this enmodinent.: and exarrpl es of such 20 queri es have been
described .above in refation to the qI\Eﬁrew ous -two ‘enbodj nents. - - l\/achl ne

Learning cl agbpmaster clgasiiar?Se Aupges %ﬂh?é@vﬁéﬁﬁﬂﬁﬂ?”ﬂh%ﬁt&&ﬁ@ﬁ%ﬁéﬂﬂ
vi brati Qébe’ﬁ':ﬁ.@ﬂév%l lafid: ahgme@anﬁ@hﬁar&nah thiéeeMmeéntOéthémlés of sutd. - The

sound i-s co ar ed to sanple. I hati on soynds and/or ounds caused b
act d9f. qwamavgﬁﬁefzgesc F?ﬁ?"ﬁd" f%?mﬁttﬂﬁﬁ Fﬁﬁv'?w q"ﬁ?’ﬁ\”??é’? Yon e.g.. g

|bnd| cated at:nunmeral -264 to the video classifier 256 (slave classifi er) can
e e aco e AERa it R B S ST e SO BUPEEHE "
lift, "t Repratioht signalelis taismatpetfornaesl at ftisd smidinl alassifierd25@yMectiine fheewinge a
war ni ng élassﬁi&atron advantageously facmtates a more comprehenswe detection of signals

15 compared to the verification of domlnant signatures. The sound is compared to sample

| sounds charactenstlc of crimes agarnst soft targets to detect the presence of crimes

- against soft targets

" Querying for mid/high level information e.g. indicated: at numeral 260 to the video
20  classifier 256 (slave classifier) can be issued to assist in the accuracy of classification.
For example, mid' and high level information includes the number of people in the lift and
. the presence of aggressive behaviour respectively. In the event that there is only one
person in the lift, the system may. treat it as a false alarm and may only provide a
warning to the passenger in the Iift 'Conversely, if more than one person is in the lift, a
25 Neural Network cIassuﬂer is used then to detect aggresswe behaviours based on the
. shape and motion features extracted from the video. The features are motion energy
- E.lmage (MEI) motlon history |mage (MHI) and motlon rapldlty image (MRI). If the system .
o detects the presence of more than one person and aggressnve behaviour, |t may imply
: that a. cnme agalnst a soft target IS occurnng
30 - ‘
- A crime agamst a soft target can then be detected |n the example embodiment
through the ewdence obtained vna the processes of categonzatlon and machine learning



30 passenger in the Iift. Conversely, if only one person is in the lift, a
hi gh I evel query is preferably issued to. a Human Posture Estinmation unit
231 to dewermimesish a passenger is facing the door. If whe/Scaswenger is not
facing the door and there is only one person in the [ift, the system may
treat it as a true alarm (i.e.: soneone is urinating in the lift). A W
2011/ 025460PCT/ SG2010/ 000311 21 further query can be nmade to a Water Patch
Det ect.i-on uni:t 1232 to detect the presence of urine or aliquid patch (e .
vandal.i sm caused by strew ng |'iqui ds20n the 1ift). - Urinating and

dal he: | f
! A ough SarePa s RS Pind RSB Bt b KRB B R,

nmachi ne sleeachssifier(s).assi fication, assisted / confirmed using sub-evidénce
obt ained fromqueries fromthe: sI ave classifier(s). For events such as
trash dunpi ng (abandoni ng obj ects in the lift) 238 and 10fire/snoke in the
lift 240, anOmeaxpipledefitbe wiseof Hegdpratiomriansitanasd, finctioninangs a Matko ' si gnal

from St h%laggﬂ_\{ gﬂt@é for t4 c:i;%t@&tloa%l errﬂgs%ﬁt bad §n<ﬁ’59t§%?§§ndaﬁ§m Shgpat226 to

renove nol se.. vi deo assi orns -obj ect segnentatjon 228. As
t r ash.:distepi 2id. as@ratm spgnd 5 detecieh i step 2tﬁethq $'9n32s96%181r9+&h HPYAbR'e audi o

or Cont
ol assi ffbg%arﬁklo%a% W bR 6&%5'}4{; 18Rs ThAIdIlideEthe 280l oI FRisaNRldesigras ré-ne mast er

aSS|f|er 1s designated. Event analysis -at step 239
can be .samping.out . dlrectly by the vi'deo classifier to detect the occurrence
of trash dunplng 238 -or flre/snoke i'n the I|ft 240. ZODES|gnat|ng mast er
and slave: cIaSS|f1ers i n_exanpl e- enbodi ment ‘the.pr i ‘nveption

Ph SRR

advdRt. ageousICy“ qgetzation 206 k5 pefame thVstth%lY ‘ghﬁrﬁtne esi | i ent
to the efdrath sifnan @ @éiégdhﬂed o Ssﬂémmoﬁasrlent -and normal/ab“ﬁbenall @ematldmss for the

br oces5| n%‘r ?.‘; n‘QnﬂSPsn%L onnas |rsut|ate an rgerﬁ%car%ne %rapa%jetggrthgt aré p?ecu rsst%

SE an event Quenes (Iow—level) e.g. indicated. at numeral 264 to the video classifier 256

(slave classrﬂer) for foreground object detection 229 and human model detection 230,

15 are issued to assist in the accuracy of this- categorrzatron if the audio signal is “silent” or
“normal’; or no objeot is detected, further classification may not be performed.

The master classrﬂer 254 quenes 264 the slave classifier on the presence of Iow-
- level, mid-level and high- Ievel mformatron in this embodiment and examples of such

20 . quenes,have been described above rn relation to the prevrous two embodiments..

Machine Learmng classrf catlon 210 using welghted features from audio and
vibration srgnals |s also performed at the vibration classifier 254. The sound is compared
to sample urination sounds and/or sample sounds caused by acts of vandalism.

25 | .

Querylng for mid/high |evel mforrnatron e.g. rndrcated at numeral 264 to the video

S »classrﬁer 256 (slave cIassrﬁer) can’ be rssued to assrst in the accuracy of classrﬁcatron
For. example with regard to unnatrng in the lift, if there is more than one person in the lift,

the system may -treat it as a false alarm and may only provrde a warnlng to the
30 __.passenger in the I|ft Conversely, if only one person is in the lift, a high level query is
. preferably |ssued to a Human Posture Estimation unit 231 to determine if a passenger is

- facing the door. If the passenger rs not facing the door and there is only one person in

the lift, the system may treat it as atrue alarm (i.e.: someone is urinating in the lift). A



Dynam ¢ background scene nodelling - This is preferably the nost

fundanental algorithmfor the processing of video signals and it functions
to extracwochangesoi n t he background scene of the |ift aou/Sseqrmnidi out
humans or objects in the lift. 30 The change is called foreground and, for
exanpl e, can be due to objects/human(s) that cone into the scene of a lifts
interior. In order for the systemto run continuously and accurately

wi t hout -human i nt ervention; the algorithm adapts to changes in the scene.
For instance, ‘when the: lift door. opengl 22 and additional |ight enters the

lift,.-t h'ftﬁ'th‘epgﬁer? ghn bé‘ %ﬁ@ t(% Waéér #’ét%ﬁ Bgte%f(cw t?h%ticiigﬁo gfﬁtggtnsﬁgaeéeye éih| ift

background sc¢

movenerit Uflr'%tpre%twcypafdy(ermwab@hw@auseﬂ bicstrenéngiigeidsén the littet ect ed obj ect is
a human. I'n enbodinents of the.present invention, a silhouette of a

f or egr ound bl ob. can be anal yzed to check the présence of an inverted onega
pattern. Thi sUgBatingr and;vanpalises in Hee Hitagamribier Hsyldetectedoin: thehienample10 -

Cbj ect béﬁibﬁdlﬁtéap&trsug}ﬁﬁief bhddrice Nobtaidde vfaofh‘égﬁrﬁ&@e? loPRafes ?&rﬁ%@%hyzed i

det erm ne |6 t| one of the. basi-c shapes such as ova rectangul ar,
el ongat ed'®¢ 'Q?t‘?%‘&‘f’g ﬁ@rs?' cAien 355'5t9539’99€§'§§1"%Uﬁ%ﬁ%&d@?@ﬁsoma'l’rM@m not i on

is first qeeﬁefs&tbiﬁtdre&fdv@@laeg ations-15 ‘on:successive pictures fromA
vi deo stream’ Thi's notion is further anal yzed to:match notion.patterns of
t hosé: pertar ni ng to fighting, battering, etc. These cl assi fi cati ons are

enabl ed. . by ‘aFomevente sletiiasi trasheaghping ((ssawdaaingveb,édt@rrn% Wit b?]@%rrel es of
suchy ct Q el_ow su rize the eferred orithm conponents
from gac F'%ynenosk(%r I}‘} 8% Pfﬂ]?c‘ﬁ EUHEMP gﬁtﬁﬁﬁ's B'E)t ARIES, e&l’}giainﬁe%t"?“ Event s

t hat “i‘nv-eiona feom e HEBOoatiera atusthp 6224hmrarsrgm (2 procassedpatedtes @b o capt ur ed
by an auggnqbvrgrn%rsgphone Events -that involve structural sound, such as -

scri bbl i ng on a wall, urinating, are preferably captured by a contact
i cr ophone. MO 2011/ 025460PCT/ SG&2010/ 000311

- The vrdeo classifier 256 performs object segmentation 228 As trash dumping 238 and

1}5' fire/smoke in the lift 240 do not produce audio or contact S|gnatures the video classifier

256 is desrgnated as the master classrﬁer No- slave classifier is desrgnated Event

' - analysis. at st}ep»239 can be car_n_ed out directly by the video claesrﬂer to detect the
‘occurrence of trash dumping 238 or fire/smoke in the lift 240.

20 ~ Designating master and slave classifiers in example embodiments of the present
invention advantageously results in a more robust outcome since it is more resilient to -
the effect of noises on the sensors.

N The algonthms for the processmg of video sugnals |n the example embodrments
25 compnse 3 ' ' ' .

. :Dynamictbackground 'scene' modelling This is'pref:erably the most fundamental

ﬁalgonthm for the processrng of video signals and rt functlons to extract changes

. B |n the background scene of the fift and segments out humans or objects in the lift.
30' o : The change is called - foreground and, for example can be due to -
f-ob;ects/human(s) that_come into the scene of a lrft’s interior. In order for the

;system to frun continuouely and accurately without human intervention, the

algorithm adapts to changes in the scene. For instance, when the lift door opens



Table 1 In the detection of events the inventor has recognized and

t he enbodi nents of the invention exploit the followng features: The

nat ure ofwoheli@esssds i s such that the information deri vedTiSGamobh&1si gna

of one of the audio or contact mcrophones is generally nore informative
conpared tO the information derived fromthe video signal. [In crines

agai nst soft targets in lifts, stronger audio signals (such as crying,
shouting, scream ng, etc)-are generated conpared.-to audio signals arising

f rom.vi-gor ous : physrcal actions (suCh2®s the act of fighting back). 24 The

act of: urinati n the |i GaANDE . CL X ReinS ui d

dri ppi-ng. due a[ngg{dﬂér '&%H?'}}cﬁn %r% lgﬁ?l?%g:?s éﬁqnéd;cgcr%r'o ?ﬁ’é’@ﬂraﬁ?rﬁ)gﬁ/ wal | )
and uri-ne fl ahanges ih theptbadkgratmchsaeae. al so be det ect ed by i mage processing to
confirmthe event. [n other Words, when a dri ppi. ng sound is detected, a

vi deo ‘signal- ‘can be concurrently analyzed to see if a human is detected In
order to red drlmnadmodel wetactiorf - fred smfmllearsncqe of a lift. @mvsmenmw&tomma}bncur rent

veri fi cati Onﬁwo?gg' u?gd Bq{efdgéﬁqeth? ?te M‘@Kreﬁt is asl'luﬁ‘lant@ ngt%ﬁ

corrput ati onal “resources Ismi(e scrr be i ng)
can be nore db&plegpentdnventien atguh@uﬁéte%arteregwodnteé@aoée aQaWXM"etﬁ e&har p

obj.ect .is usgfy gﬂes@ﬁée Q‘Pln@frjtéd bmiGa bitterEFIRS bhthdin tshiRlfies $heShéld andpased: on

i mage processr ng 1srelatively m)re unreliable. ‘Depending on the event; one
of the two niedgerseéadiigai s (i e. contact or audio) will be nore accurate
for cértain events corrpared to ot hers 15 The confined environnent of a

lift; allowsthe m cr ophone a captur.ed
anal%r s: CorQ@?@etl’iﬂc ?'T%’ ) %}a’c@gorénv'ﬁ]eoﬁﬁ%?urﬁﬁsloﬁ&va 6 analyzeJ o
o : determlne if |t is of one: of the basic shapes such as- oval rectangular elongated
(vertrcal/honzontal) S

e AggreSSive‘human actions - Human motion is first extracted using computations

15 " on succeSsit/e pictures frdrnia video stream. This motion is further analyzed to
. o match 'metiOn patterns 6f those pertaining to ﬂghting, battering, etc. These

, ‘classrﬁcatrons are enabled by a machrne Iearnlng engrne (see below) trained with

: ;samples of such actrons

20 Table 1 below summarlzes the preferred algorrthm components from each
‘ sensor for each event according to example embodiments. Events that involve airborne

- sounds, such as human voices, are preferably captured by an audio microphone. Events
that involve structural sound, such as scribbling on a- wall, urinating, are preferably

~ captured by a contact microphone. z



allow informati on such as an object's spatial position or rigorous actions
to be useful in detecting events. Thus, an Al system based on
canmera siwoabiiaizewe i s 20generally ineffective. PCTISIGRO10/M0311

appreci ated by a person skilled in the art that depending on the nature of
the event to be detected, different types of Sensors that are nore suitable
than others. For exanple, in the above description, it is preferable that
in order to detect anti social 25behavioUrs (e.g. urinating in lifts and
dunpi ng of rubbish), vandalism and c28nes agai nst soft targets, audio

m cr ophones and/or contact m crophones are utilized. Dynam c self-I|earning
30Furthernore, .there i.s additionally provided a-dynamc self-learnlng
nmechani ‘ i ons of
an even : roves
itsel f
2011/ Q2

Table 1

'In the detectlon of events the inventor has recogmzed and the embodlments of
-5 the |nvent|on explout the follownng features '

The nature of the events is. such that the mformatlon derived from the signal of
' ﬁone of the audlo or contact mlcrophones IS generally more |nformat|ve compared
: ﬁ fto the mformatlon derlved from the video sngnal
10 e : S -
- e In crimee against soft targets in lifts, stro'nQer audio signals (such as crying,
vij-ehonting,ﬁscreaming, etc) fare generated compared t'ov audio signals arising from
EVigorcus ph'ysical acti'ons.(snch as the act of fighting ‘_bac.k)..



of the Sensors operates in a conprehensive manner (instead of point sensors
such as an acid detector which is localized to the point where the sensor

i s 1 nstalweapil/o2aoant ageously giving rise to robust nes®CasG2610/0803ati vel y
greater variety of events that can be detected. In addition, as enbodinents
of the present invention are software 15based, there is a potential for
expansi on to cover ot her situations (events) that may be required by users.
| n addition, ‘enbodi nents of the present invention advantageously enable:
bett]er control and managerrent of |if24 with a nore efficient and econoni cal
way for user es e ared to
reqwrlng a {?{5‘%2'39?] t?'f%lfg e&ert%?t%d’hmgstﬁmfgt’llqﬁﬁﬁ%ne& esent ..
:cnvent ldog prduede thes abntadt retwissncibe it rstoicturé ésg.: doerwall) ant arrine ﬂQWnAt hen be
orwarded to t | di ate
action can bé&@’h%‘éﬁc’ﬂt%aﬂ %bcb%ae{eglegtqy%abg?r%cegglﬂgwIcava ttgaggg?tn%de I
cost - savi ngs other t Wende, whea aeftm?@m peundl foordetectadn & |videei mignalsearyibees (e .
due 150 ur i natao,ang, fahaytbdr rangéfalf)a hﬁﬁ-liﬁ%%efté&éﬂ ANSddr BMedlich the

i1l egitinmte operation o . -Productivity is decreased due to the
typically | oﬁ'g"’@ﬁd of éﬂﬁﬁ)a!?"l"ﬁv%saf?ﬁj%lt DyRbest ofaepnsyaent varifigatioRs CARRE, when an
ur i nati-on .i n%ﬁ@rﬂ%e&?ﬁt@”ﬁ:we‘vér issat e &st bablcof 8@f§t@nél$é§ouﬁ:e§0”p| aint This
is- recorded through- a- ‘st andard- adm ni strative 3 process lnvestlgatlve
action may be taken- sone days/weeks | ater. The process involves the. ‘

| ocal-i-zat i on gimd S@s ¥ daiaidrh Re.g! BrakkiAg, %cﬁﬁﬁlfnb)?&ﬁdbé wae aagnrueteﬁedz ed

record| ng. centre. These vi deos are then studie
the 1 I nci: gent Y%ﬁ?j—l’ﬁ’ém@u&? (eg. ‘when a sharp ot%ect Is use to car\(re on‘a It wgll)I ocat e

' Detectlon that is simply based on |mage processing is relatively more unrel|able

Dependmg on the event one of the two mlcrophone srgnals (i.e. contact or
' audlo) will be more accurate for certaln events compared to others.

15 -
’ . . The conﬂned envrronment of a lift allows the mlcrophone signals to be more
‘ clearly captured for: analy5|s Conversely, the conﬂned environment may not
: allow mformatlon such as’ an object's spatial posltlon or ngorous actions to be
‘ useful in detectlng events. Thus an Al system based on camera signal alone is
20 generally ineffective.

It will be appreciated by a'person skilled in the art that depending on the nature
of the event to be detected, different types of sensors that are more suitable than others.
- . For example in the above descnptlon it is. preferable that |n order to detect anti social
2'5. Ny behavrours (e g. unnatmg in lifts and dumplng of rubblsh) vandallsm and crlmes agalnst -
- soft targets audlo mlcrophones and/or contact mlcrophones are utilized.

" Dynamic self-learning ~

30 , Furthermore there |s addrtlonally provided a dynamic self-learning mechanism
. that allows the classrf ers to automatlcally learn variations of an event when the system
'is deployed. The system advantageously improves itself as it is exposed to a greater

variety of data in actual use.



the present invention can provide | real-tine detection where a culprit can
be caught 26 quickly.. Thus, investigation is not necessary all the tinme
In the i nwexbilgasieon process of events that are not det ectrsd2orw/oessant s that
are not configured to be detected but are of interest users can retrieve
recordings that are only to specific conditions (e .g. nunber of people
found in the lift, their action |levels, voice or audio profile) rather than
manual | y revi ew vol um nous CCTV recordings. In the urination incident for

i nstance, users can enpl oy enbodi men2® of the present invention to filter
video segments where there is only a single person inthe lift, presumably
where there i's a higher likelihood of urination. Figure 3 is a flow chart,
desi gnat ed geimer udd yf amiltiplef sensnrseinnteemahne3Odescriiged. abdvieuadvantagaeusly net hod

of event HQE%‘?%# %steggﬁ&sﬂepgfcé ?\aﬁl@ulgr(@\';@h ) %Q?g%d?“a'ata ftrdifl heP bREENT

i nvent.i of e sensor. signals are obtained froma
pl urali- tspcqtdassenlasmﬁerst\tData @pl‘tGOImg tolike evenieisiaciad metheystonypan be ek

pr ocgss q%cf( ? tr{er@a\?é’ Eaksifist ‘ﬁfatt 'aQé'lstl{ﬁé %sfé?%?@s%tﬁet’ errid iRerdhdehfl IgdRtiing Cou p' ed

to the pl ura sensors,. wherei n.-an event. det ect ed based on the
sensor: s:agnfaﬂerpﬂ@c@@u"g%de iohtherrystemtoseal @e"tﬁﬁ‘?t tgge Rlage @ha PapicH@EAlte:. At

step. 306, dSMQk%Vth@e&fé?alﬂasééufﬁe? shfaftel %éhhggrebototaleth@tlﬁ]@él geried Sitfenek igini t's for
facilitating the event detection using one classifier unit. 1

The net Htﬁf‘%ﬂsfyg@‘e‘ﬂﬁ%tathe exampl e enbodi ment -can be inpl enented on a

corrputer system 400, schematlcal Ly shown i n Fi gure 4. 1t may be inplenented

as - Lo
10 ~-Z : Embodlments of the present invention utilize multlple sensors wherein each one

o _::of the sensors operates in a comprehenswe manner (mstead of point sensors such as

: ~.an acid detector which is localized to the point where the sensor is installed),
B é‘advantageously glvrng rise to robustness and a relatlvely greater variety of events that

_ ‘can be detected. In addition, as’ embodlments of the present invention are software

- 15 based, there is a potentral for expansnon to cover other srtuatlons (events) that may be

requured by users

In addition, embodiments of the present invention advantageously enable better
control and management of lifts with a more efficient and economical way for users to
20 . respond to events (e.g. via mobile devices, compared to requiring a monitoring centre).
.Furtherrnore ernbodiments of the: present invention provide real-time detection of these
events. AIarms can then be fonrvarded to relevant . agencnes (e.g. police), if applicable
.. and- rmmedlate actlon can be taken to help the VICtImS ‘ '

25 Further advantages mclude cost-savmgs as-there |s a reduced need for extra
o cleanlng servrces (e g. due to unnatlon and trash removal) damages from vandalism Ai

- and |IIeg|t|mate operatron of the' |Ift Productlwty is decreased due to the typlcally long

and tedlous rnvestlgatlon of an event For.instance, when an urination incident occurs it

is first Ieamt from a user’s complamt This is recorded through a standard administrative

3:0 ; process Investlgatlve action may be taken some days/weeks later. The process involves

o the localization of the video clips that are retrieved from a centralized recording centre.

 These ':vi:deos are then studied frame by frame to locate the incident. Embodiments of

the present inventi:on can provide real-time detection where a culprit can be caught



20 software, such as a conputer program being executed within the conputer
system 400, and instructing the conputer system 400 to conduct the nethod
of the eXdOEPH/EMSOdI nent . The conputer syst emPCOBGEOIINIdES a
conput er nodul e 402, input nodules 25 such as a keyboard 404 and nouse 406
and a plurality of output devices such as a display 408, and printer 410.
The conputer- nodule 402 is connected to a conputer network 412 via a

sui tabl e transcei ver device 414, 'to enable access to e.g. the Internet or
ot her. 30 network systens such as Loc®6 Area Network (LAN) or Wde Area

Nt vor s S, Ty BB E e AR et e S MR ad ol ot
408, -andeveht® thattare hetcdete@ed poevents mayar@m coﬂﬂggreckmmerﬂate%ed)buttane otonput er
modul e Alerdy FUs&%'éaX r&ﬁ&@%b@%hﬁ y'\a@a@?]e (o p‘eglﬂg%noﬁtfongﬁgdﬁﬁnq@q ina

manner known 10 erson s evant art cation
program meppte/fpumhlnl ty-eélﬂptbrplrmtm leviis, veies onaudio @rafigipather thap rsay‘s@tbm 400

encoded J%Ule@r WilninotlsPt89e rg&quH% SIHCthe Eb?métlanrnBQMt%r frisfumBe, "BRIERY ¥an carrier

and read util |S|n8 a -cor responding data storage :mediumdrive of a data
st or age ‘@BRIPY 6mirg mernseofatbpmr%sant Bweptiasgioditer ¥idea SeamARs e dareds in its

execut i-oghby sibié pBFeR Wﬁen.ﬂ%sumémyewna@tﬁére i$4 AlgRaaikefhddl @ELmmemt a maybe
acconpl i'shed using RAM 4 wi |-l beé appreciated by a person

skilled-in the at that nurrerous var | atlons and/ or nodi fications may  be rade
to the: Pr es entigiird\38 tal flow étars Bewgnhtedigeneriip ek fréferats odinealt 300 t hout

oo L Bt aveiibl o oS IS el s B RS el R dosrLoee
20be ‘i | | présérﬁinvdﬂloanAt fep 3m2$é§peciiVe\/§ensor signals are. obtained from a plurality of
: o 'sensors. At step 304 the respectlve sensor S|gnals are processed for the event
e . Edetectlon usmg respectlve classnﬁer unlts coupled to the plurallty of sensors, whereln an.
eventis detected based on the sensor signal processed in one classifier unit as a main
: 15 evrdence_. At step 30_6, sub—evndence queries are issued to the other classifier units for
. facilitating the event detection using said one classifier unit. -

The method and system of the example. embodrment can be |mplemented on | A
. a computer system 400, schematrcally shown in Figure 4. It may be implemented as
20 software, such as a computer program being executed within the computer system
400, and instructing the computer system 400 to conduct the method of the example
| embodiment. | o v

b The computer system 400 comprlses a computer module 402, rnput modules
25 - 'such as a keyboard 404 and mouse 406 and a pIurallty of output devices such as a
o dlsplay 408 and prlnter 410. ' '

'T'h'e computer" module 4’02"is connected to a computer network 412 via a’
o 'surtable transcelver devrce 414 ‘to enable access to eg the Internet or other
30 network systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The computer module 402 in the example lncludes a processor 418, a
Random Access Memory (RAM) 420 and a Read Only: Memory (ROM) 422. - The



28 CLAIMS A system for event detection, Conprising: aiplurality of sensors;
and respective classifier units coupled to the sensors for processing
respect i weoen#as468i gnal s fromthe sensors for the eventcusGeetioonsii \Wher ei n
at least one of the classifier units is adapted for detecting an event
based on the sensor signal processed in said at |east one classifier unit
as a main evidence and for issuing sub-evidence queries to the other
classifier units for facilitating 10t he event detection. 2. The system.as
claimed in claiml, wherein said atIZ%wt one classifier unit conprises a

cat egori satr n-unit. f ri;sin sor a yent

oot | S e Mhie % SRR RiSRRlch hBrptes or
cat-egori sdrmptel I/Onmterﬁase A4 b ¢k tisplag e406n and)t/Ormteefapa 42616 ¢heskéyboard he
sub-evid querles to the other classifier units in. categorising the .

sensor: sl gnal i-nto the event categories. - 4. The system as cl ai med- i n.any
one of ‘the precedr ng . ‘¢l ai-ms, " wher ei n sai d: at | east 20one.classifier unit

conprg:ses .a dﬁ-[?e Sordr0at HHee ccﬁédt%r ﬁt%ﬁbfé%dﬂ"é{%)lcfaw ch%HJnY%@;F% gipm nant

Si gnat ure in sensor si gnal he event system as
cl ai med interearaented, busrr’éBeaw infemaonemtawnstogha parsenvakiliediin the wievant t s
adapt ed 4 use one or nore: parameters fromthe sub-evidence querr es to the
250t her cI assr f| er: un| ts in veri fy| ng t he dom nant signature | n. the sensor
Si gnal

L The applrcatron program |s typrcally supplred to- the user of the computer
: 1'0;3 - 'system 400 encoded on a data storage medium . such as a CD-ROM or flash
' ' jmemory carrrer and read utrlrsrng a correspondrng data storage medium drrve of a
: _l : .data storage devrce 430 The applrcatlon program is . read and controlled in- its
‘:__:_z,,j;executron by the processor 418 Intermedrate storage of program data maybe
o 'accomplrshed uslng RAM 420. '
15 o .‘. B , |
id erI be apprecrated by a. person skllled in the art that numerous varratrons
- and/or modlﬁcatlons may be made to the present mventron as shown in the specific
embodiments without departing from the spirit. or scope ofA the -invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
20  beillustrative and not restrictive. - :



6. The systemas clainmed in.any one of the preceding clains, wherein said
at |least one classifier unit conprises a nmachine learning unit for

cl assi fi c&Oi20n/Pf40essi ng for the event detection. 30 PCTRGRWIPSIEM as
claimed in claim6, wherein the machine learning unit is adapted to use one
or nore paraneters fromthe sub-evidence queries to the other classifier:
units in the classification processing. 29 A nethod of event detection
conprising the steps of obtaining res ective sensor signals froma
plurality of sensors; and processi ng2Bhe respective sensor signals for t he
event dq&e&ﬁw n using respective classifier Units coupled to the plurality
of sensors, Wwherein an event is detected based on the sensor signal
processed in‘one classifier unit . as a main evidence; and issuing

sub-evi. dfnce ﬂ%}%{érﬁfbrkgentragte%&% .fier units for facilitating the
event.det'ectior. using sai d one c?a55| rer unit. 15signal into the event
cat egori-es: muraﬂm@fﬁ@tﬂﬁﬁda@% claimed in any one clains 8 to 10,

conprg:sing. vsééaaét.rwcuass#ems%u@wwarsenédas faa?r&egsﬁresp&ﬂaé for the -
event-det ecti'on usi.ng.a dom nant -si ghature. verification unit of:said: one

cl assi fi@nsefignalsdiasm fhesensypfor the eveRtdaedtiond as claimed in claim 11,
conpri:sing- U%Hé@euh@ﬂl%aﬁon%f@:e%s&ﬂ&hﬁf@ |sféidalﬂitédh6r &!&tﬁgbd%ﬂ@ﬁt queries to

t he other CIaSS|f|er uni in ver| omna ignature in the '
Consor <hasRaPn M senea UL PRBLRoRE M3 SRS NS AESaHES \BhEe BIAIE) ai s 6 t o
12, corrpéwcfdnagaﬁ@fot @sﬂhggulﬁ—bﬁﬁatcélqhaﬁeﬂb ths oesdasyifief onitstibiefacilitatiig det ect i on

usi n chine
1% eevent det e rn| ng uni t of Sal d one cl aSSI f ier unit.
’ 1’2.' | The system as clalmed in clalm 1, whereln sard at Ieast one classifier unit_

L 3 compnses a categorlsatlon unit for categonsmg the sensor sngnal |nto event categones

‘ 15 -3 The system as claimed i in clarm 2, wherern the categonsatlon unit is adapted to
use one or more parameters from the sub-evidence queries to the other classrﬁer units
in categonsung the sensor signal |nto the event categories.

4.  The system as claimed in anyvone of the preceding claims, wherein said at least
20 one classifier unit comprises a dominant signature verification unit for verifying a
dominant signature in the sensor signal for the event detection.

5. The system as claimed in claim 4, wherein the dominant signature verification
unit is adapted tof use one or more parameters from thé sub-'evicl_ence queries to the
25 - other classifier units in verifying the ’dominant signature in the sensor signal.

6. The system as claimed | in any one of the precedrng clalms wherein sald at least
one classrﬂer umt compnses a machlne learning unit for cIassrﬂcatron processing for the
event detectlon Lo ‘

o | o
_ | 7. " The system 'as claimed in oIaim 6, wherein the machine learning unit is adapted
- to use one or more parameters from the sub-evndence quenes to the other classifier:

. units i |n the classrﬁcatlon processmg



14. The nethod as clainmed in claim13, conprising using one or nore
paraneters 30fromthe sub-evidence queries to the other classifier units in
t he cl asswOi20Ht@28460pr ocessing. 11 30 15. A dat a st or age PRESGAIMOIAS1 N
stored thereon conputer program code neans for instructing a conputer
systemto execute a nethod of event detection, as clained in any one of
claine 8 to 14.

29

» afiﬁ‘iij 8 : A method of event detectlon compnsrng the steps of _
. » obtalnlng respectlve sensor slgnals from a pIurallty of sensors and
_ processrng the respectlve sensor sugna|s for the event detection using respective:
5 . 'classﬂ' er unlts coupled to the plurahty of sensors, whereln an ‘event is detected based on
. ,the sensor srgnal processed in one classifier unit as a main evrdence and
L ' _ |ssurng sub—evrdence quenes to the other classrﬁer umts for facrlltatmg the event
ffﬁl g Idetectlon usung sald one cla55|f er unlt

' 1_0'??. 9 : The method as clarmed in’ clalm 8, compnsmg categonsrng the sensor srgnal into
-..f?v } fevent categones usmg a categonsatlon unit of said one cIassrﬁer unit. ’

The method as cIa|med in- clarm 9 compnsmg usrng one or more parameters

- ‘from the sub—evrdence queries to the other classifier unlts in categonsrng the sensor
15 ~ signal into the event categones B '

11. The method as claimed in any one claims 8 to 10, comprising verifying a
domlnant sugnature in the sensor S|gnal for the event detectuon using a dominant
' srgnature venﬂcatlon unit of said one classifier unit comprises.
20 | : v
| 12. The method as claimed in'cla‘i'm 11, comprising using ‘one or more parameters
from the sub—evidenjce queries to the other classifier units in verifying the dominant

- signature in the sensor signal.

25 13 The method as clalmed in any one any one clalms 8 to 12, comprising
performmg classmcatlon processrng for the event detectlon usmg a machine leamlng

_unit of said one ciassifier unit.

'14. The method as clarmed in clarm 13, comprising using one or more parameters
3O from the sub—evrdence queries to the other classrf er unlts in the cIassuﬁcatlon

processing.
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_ 30 _
o 15. A data storage medrum havrng stored thereon computer program code means for
B L _i_ rnstructrng a computer system to execute a method of event detectron as clarmed in any -
one of clarms 8 to 14 : ’ '




