a d Aa
ﬂ1i'J!ﬂi]%,’ﬁiN!ﬂasllf’NN‘I{Hf‘i!!ﬁ%ﬂﬂﬂ]ﬁJ&hﬂﬂ]iﬂi&’N?ﬁNﬂﬂ1W
[ U Y da a
ﬁ]?‘i‘i‘uﬂ]‘iﬂuﬁ]!‘ﬁ@ﬂ]‘imﬂﬂﬂiﬂﬂ

Model-based Human Analysis and Tracking for Abnormal Event Detection

gna Hiygns

Nattapon Noorit

3ﬂﬂ1ﬁwuﬁ1§aﬂudauﬁﬁwmmsﬁnmmmé’nqmﬂ%tgfm
Inssumansuiiadia mnIniaanssunenianes
UMINNBBAVAIUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Computer Engineering
Prince of Songkla University

2553

AVANTVINHINNFBFIVAIUATUNS



FoIneniinus MIIATIEH Lmaveuydtazinaudiomslszuiananmd sy

Y Ja Aa
mmumm&gmsmwﬂﬂiﬂ@

A1alerny WeAINA NYGNT

a a J
CALAREA AIAINTTUADUNAUNDTI

da (= a a ¢ o
mmsﬂ‘nﬂsnm’mmuwuﬁmn

(AT.1AN GITINUII)

da (= a a d
@1%15ﬂﬂﬂiﬂﬁ13ﬂﬂ1uwuﬁiﬁﬂ

¢
(3ONFTANTITY AT.UUAT MYIUSIAYY)

AUSNITNNITAOD

....................................... 1J5L51UNTIUNIT

] 4 J
(ﬁ“ﬁ?ﬂﬁ'lﬁ@lﬁ'm'ﬁﬂ AT DLUA IAITNINIA)

el NITUNTT

(AT.1UAN GITINUII)

crrreeeeenn] NTTUNTT

-4
(5NMANTI1TY AT.UUAT NMYIULIAYY)

crrrreeeeeenn NTTUNTT

J a J o
(393 NT1915¢ ﬂi.jﬂﬁu‘ﬂi i]”li!\‘lﬂﬂlcﬂfl)

% a A @ a @ a 4 EZ v Aa a J @ yd
UUNAINYIY UN1INTIAYFIVATUATUNT aumiﬁ'um%muwumuuﬁmu

AIUNIVOINIANET awnangasliygiaanssumansumtiuga a1913513A055)

AONNANDS

4 a o
(39FNTHI11T8 ATININYY ﬂ@\?‘ﬁ"ld)

AVANUNAINGIREY



FoIneniinus MIIATIEH Lmaveuyudtazinaudiomslszuiananmd sy

Y Ja Aa
ﬂ13ﬂuﬁ1!ﬁﬁ]‘ﬂ15ﬂlﬂﬂﬂiﬂ@]

Alave WAigNa HugNs
VI INITUAONNUADT
Umsanm 2552

UNAAEID

a a d @ dyd aw A Iq9 ¥ a g

’J‘V]Eﬂu‘WH‘ﬁﬂ’U’UuﬂJuﬂWH'ﬁ]EJLW?JTJﬁ$Qﬂ§lﬁl°ﬁlﬂﬂuﬂﬂ1uﬂ13ﬂﬁzuﬂﬁWﬁﬂTW
a o d o % 9 /A A & [l ) Aa 4
3&?]5131’11“@@1%1{]9ElﬁTﬁ'3Uﬂ13ﬂuﬁ1lﬁﬂﬂ15ﬂ!ﬂﬂﬂiﬂ@] %Quﬂluuqﬂﬂﬂ%ﬂiiﬂﬂlﬂﬂuuyﬂ Iﬂﬂ

a 9 Ia a Y Y 9 c’dg’ q Y
mﬂuﬂmiﬂummcﬂmimwﬂﬂiﬂ@lﬂizﬂaumsl ﬂi%ﬂﬁuﬂWiﬁi’NIﬂﬁ\iﬁi%‘]NH“]EJEJGUHGI,WNGI,W@EI

U

o d ] { 4 o W 1
Tugdupusiasslnseadnuybdodieiieniimes 3 sendsznoudiAnueesianie Ao Asye
o w QsJ‘ a 4 1 J [ I a Y
ez NniudAamumanaou Inivesuaazesnlsznovediuiluddszaenu nans
Aa vy a A A < A A 1 A A 1
aan ez IMU9YaNANIINITIAADUN AWFTIMIATOUN ATINTATDUNLAZ AN
a 1 4 1 Y o @ J a 1
Faynvoauaazosaliznoy TasdoyaaiiiuazdeyannuduiusiFayuvouaas

s o o v { § T3 J ' 1
pentlsznovazgnii 11 lunszuaumsismimeiugudgawnaiu 2 nqu ldun (1) Kina
ada Usgnoudie n15eu M13119 M3dL wag 2) Mmenada Usgneudis nsuousIu M3
a Yo 1 £ ) ) A o 1 &

@du Tagwans3simmnienugiulinnugnaslaginay 93% 1aza1nnsiImnanug Iy
A o Yy a =2 a P v Y 2 v
marflnwduraunuszanso 1desuietennssuuysdndanugsudeuniniuld Tag

Aaov dy Y AR a ~ 9 1 A 9 @
moeluauideil ldaulansdidnuinonssy 2 nsal ldun (1) nszuauasmmsnasudieing
£ 9 ya o v o A
Fujuiuveuamiaiin laems lenanssuthsz failuddimuatoulumsasivning
wasudreiag anmsnaassaz lirwanisasramigndesududulonaninnszuiunsin
' &K v qyY A v AAd Y o oa
MmaaznszuIuMIaiunadliwangnded ag (2) MIAIVAUNINEIVOINUNANIING

A A awv dy Yo A a di‘ A a <
waoudl melunuided lddmuadou luaruquaenssy Aun AanieuazausIveIns

masuivesing 1Innsnaasrzliwanisasanumgnisainluguiigndeuionanis

a @ 4 = Y
@m@nm@q“l‘tmamg%mq



Thesis Title Model-based Human Analysis and Tracking for Abnormal Event Detection
Author Mr.Nattapon Noorit
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ABSTRACT

This thesis applies image processing techniques for abnormal event detection of
human activities based on human model analysis. The detection algorithm is established into the
following steps. Firstly, the human region is segmented from image sequences using motion
detection. A simple human model consisting of three important parts such as head, body and leg
is reconstructed by applying the color probability density of regions as classification criteria.
Each region of human model is then tracked form frame to another in the sequence that provides
the important information of human movement including velocity, acceleration and angular
acceleration, which are reformulated into the features description of human characteristic.
Secondly, by using the above features, the actions of human with its relations as finite state
machine are defined. There are two groups of action model: static action (standing, sitting and
bending) and dynamic action (walking and laying). The experimentation result of human action
recognition is around 93%. Final step, the sequence of specific actions is defined as activity or
behavior of human. In this research, we focus on two study cases: object removal and object
direction control. For the object removal application, during the process the bending action is
considered as triggered action that the monitoring of object in that area is activated. The accuracy
of algorithm depends relatively on accuracy of action recognition. In the case of direction control,
the features of human model are analyzed and compared with the considering area. If the specific
direction of controlled area is different from detected features, the alarm is activated. By
experimentation, the accuracy of algorithm depends directly on the human detection and tracking

process.



=\ =\
anAnssnilsema
o (% o a a o [ o A a r{dy Ja o
AINMIUNITAUUUNITIVYUAZSIANTIINYTUNUTU F;!']ﬁ]fl"’l]@‘ll@‘].lWi%ﬂm
a A = a a s AN Yq Yo = dy
AT.UAY q’ﬁiﬂ!'ﬁ ']Jigﬁ”IUﬂiillﬂ”Iﬁ/lﬂiﬂH1']‘1/]811!'W°L!‘ﬁ V]llﬂlﬁﬂ1ﬂ§ﬂ1%l1 %LLH%LLH?‘V”QGLU

o Y QYo Vo Y v & ' ¥ vy Y Y Yo
msiau nedeliiaclwegmsier laladudwsulluediaunn nszdulvimiq latinnw

v
[V

o Yo & Y ] a A = Y dy
Nﬂuuﬁluﬂ’liﬂ%ﬂuiﬁﬁ’lliﬂ’qaﬂﬂqﬂulﬂlﬂu@fl’l\iﬂliﬂﬂlﬂ immmiﬂmmmmmllﬂlluﬂm

q

a a

79 Yo & 4
a‘wmuwuﬁalﬁmwﬂﬁuyim
J = A (=
VBUDUNISAUINIAITATIVITY AT.NUAT NIYIUSIAYS nssumMsndsnu
a a ? AN Vg Yo ) @ a a Jq ¥ /A dgl
eniwus 1 1d s wuzaihlunmsdiulgaimeriwus 1dauysaigan
4 1 a a
VYDUVDUNWISAUANINITY LlﬁguﬂﬂﬁWﬂﬁnﬂﬂ1uﬁluﬂ1ﬂ'§“ﬁ13ﬁ3ﬂiiN
a 4 1 ~ 9 1 A 1 o A a 4
ﬂauwamainﬂ‘wm‘nalﬁmm“m&lm‘aaimzmnmammmuwm
A v K a ' A Yo o
VDUVDUWISAULNOU ] Llaguﬂﬁﬂ‘ﬁTiJiflJuiUﬂI‘ﬂnﬂﬂ1u‘ﬂﬂﬂﬂi‘ﬁﬂ1llu$u1l!a$
Y 1 A9 =
ﬂ@ﬂﬁlﬁﬂﬁuﬁﬁﬂﬂlﬁﬁ@ﬂﬂﬂﬂﬂaﬂﬂlﬂ

=\

y A A ady & @ v
AANIYU VONITUVUDUNISAU VAN msmuazigmwuamﬂﬂu G]NUJ‘L!F;}?J

a q

A Yo o v w A Y A Aa Y] Y
W53ﬂ‘mqqq@1/]‘11(7ﬂ”laﬂiutm%iﬁﬂ”liﬁuuﬁuunﬂﬁ\ﬁqﬂﬂﬂ?ﬂﬂ'}]ﬂﬂ@a@ﬂm1(113611'.]@]‘1]@\161”‘1/\]!,%1

gwa Mygnd



%
i
TVTU W oot (6)
FUIMITTUN .o 9)
FUNTTOATT N s s e s s s s e s e s s e s ssees s e s s e sses s esseesees e s s s ee e sees e s esees e seee s (11)
LTI L TV oo e e e e e e e e e e e e e e e e s e s e e e 1
L1 ANUEIAYUOLANIVOINITIVY oo eeees e 1

Av A a 9
1.2, QUUIDUTURIUD oeoveeeeeeeeeee e s s ee s ees s aee e s esees s s s es s 1

[ o

130 AAQUITZAAR oo 6
14, UDULURUDINTT IV, erreeeeeeeeeeeeee e eseee s e s e s s e s sees s ee s sees e s s s s ssess s ssees s 6
1.5, U BN IIVE LS oo 7

d’ = [
VNN 2 NOHYUAEHANNTT oo 8
2.1 NTZUIUMITATIVTUNITIAADU N oo 8

) Y
2.1.1. M3A51IuM AU Tnanug 1L (ANUUANANTENITINTU) e 8
2.1.2. MIMIAUNDAYDEIIADLHD (RUNNING AVEFAZE) errrvveeereeereeeereeeeseeeeeeeeseeeeeseeeseeeeeee 8
1 ~ 1 [ A =1 ax d A
2.1.3. MIMIAURAYDIADIHDN LASTLITIUITUDUNTVTIEYU ovoeeeeeeeees 10
9 éi’ [ =\ as d

2.1.4. MIATNNUNANINMINANVDITLDIUITMAFEUNAWTUUVY oo 12
2.2, MIaaduTUNIU TASMIAUTUMTIBITUTIUINGY oo 14
2.2 DITUBN oo e s e e s e s s 14
22,2, DITOANTOU oroeeeeeeeeeeeee oo e s e es e s s e s s s s e s s e sees s s ses s sessees s s seee oo 16
22,3, ITAMHUITTIL R oo e e s e s s 17
224, IS AMHUITTU R oo 18
2.2.5. MITAATUYYIMTUNIU oo eeeeeesssees e 18
2.3. NTZUIUMTAAMUTAYADOU I oo 19
23,1 TEUTT HSV oo s s es e 19



asvUsy

%
i
a 9J [ 1 d'

2.3.2. A5zUUMIAAMN TAenT 88 UG URDEY oo 22
2. ATV 24
~ AadA o a Aaov

N3 DTN TTIDY oo e s s s s s s s s s ssees s esseee s sees e s s 25

v v o2 . a A
3.1. nszvaumsadn Iassafauyudtulul nazdaaumamaoung ... 26
301 MSVURUUUSOTIYBE oo 26
a 9 o a 4
3.1.2. NIZUIUMITAANINIAQUASATUIUWITIADT —ovvveeeeeeeeeeeeeeeeee e 31
a o 1 J
3.2, BOMMAZITITIMINNUYBEG oo 35
32,1, BUUDVABTEDN oo e s e e e e e s s s s s s s s s e e 36
322, HUUDTADIWAIN e s s s s e s ses e s s e s sees s ses s 44
Yo A 4
3.3, MITIIMINTTUIUBY coooooooeroreeeeeeeeeeesesssssss s 50
3.3.1. ATZUIUMTATINHINTADOUSIGIAG oo 51
A A P} v a A a
3.3.2. NIZVIUMIAIVANNNGIVOINUNANNMITAAOUN oo 53
B T e 56
NI A HANIVTVIARDT oo e oo e e e e e e s s s s e s ee e se e see e 57
o 1 o
4.1, HAMINAADINITEIIIMIUUBE oo 57
42. HANMINAADINTZVIUMNTATIVHINTADOUGIOTAN <.ovvoeeeeeerereeeeeeen 66
A A 9 v A A A
43, AIZVIUMIAILANNASIVOINUNANNANITIAADUN ..o 68
A8, TTU oo 70
a ao 9
VNN 5 AFUHANITITIUAZUDIAUBDLUL oo 71
510 BGUBA oo 71
5.1.1. HAMTNABBIMITETIMIMNINYBE oo 71
5.1.2. HAN1SNAADINAADINTZUIUNTATINNINITIADOUSNGIAG ..o 72
A A P} v a A A
5.1.3. HAMINABDINIZVIUNMIAIVANNINGIVOINUNANIWMTAADUN oo 72



t%
!
S.2. UMTDITAL oo 72
5.2.1. UNMINTAHANIITNAADINTFTIMINMUEUUBE oo 72
5.2.2. UNMINTAIHANIITNAADINAADINIZUIUMIATIVHINIAABUESTAY ... 73

a ¢ Ad Y o oa A4 A
5.2.3. UNINIANANINAABINTZUIUMIAIUANNNEIVBINUNANNMTIAGOUN .....73
UTTUVHNTU coorveeeeeeeeseereeeeeee e ssssssssseses s 74
AV IN oo 76

a 4 1 a a 4

MANUIN . HAUANIHIINT DI IO T oo 77
USEIARITVOU oo oo 85



emsguam

Y
%
A' an 9 q’;’ J d'

nMnlsznov 1-1 Mmaaaou T luania lendounainwesmanaou lvaas
WAV YT DU YD e 2
MNUTZAOU 1-2 WA TUABADHUE TN IIONITID e 4

Jd o
MN5LNOV 13 MITATLYNINNDTANHULIRWIZVDY Optical flow PALer...morrrrrr 4
o Ia a
ANU5ZNOD 14 NTLUIUMTTOUMTAURURAMNTVAAUTOR o 6
Y v )
AMNUTELNDU 2-1 A0 NHANTAUNUNAI IAINITHIAUR RSO IADLTION .o 10
AMNTZNOU 2-2 HADINAMTAUMNNUNAIAIEIT Running Gaussian ..o 1
MWUZNO 23 MIUBNUTLANYAT YDITT Mixture of GauSSIans ..o 13
NNUTENBU 2-4 HADINIT MixtUre 0f GAUSSIANS oo 13
MNUTZNOU 2-5 AIDEIIUTAINTEUIUNTITVIVE e 15
MNUTLNDU 2-6 AIDIIULAAINTEUIUNTTOANTOU oo 16
MNUTENOU 2-7 DT AU UDYTA O e 17
MNUTEAOU 2-8 DVTAUH U NITUR e 18
MNU5ZNO 2-0 A0819NITAUNUMIT I AUALT O e 19
mMnlszneu 2-10 gﬂmﬁﬁiwuﬁ e T 20
=\
ANWUTEOOU 211 TLUUT SV oo 21
9 Y| d'
ANUTENOU 2-12 NTEUIUNI TN IUTIAURTY e 23
a [y} Ia a

MWUIZNO 3-1 ATZUIUMS TATTINATIANTATINIUKAMIDRNAUTAA. .. 25

Mnisznon 32 nszuaums lagsmuesmstugnimIassaitdingiuuuusiaes

UUBIBUIII oottt 27
AWUTENOU 33 DQUTTAN 6 T et 27
Al5znen 34 §ensEIIUMIaT UM Az s O 28
ANUTEND 3-5 LUUTIADIUYHIOEINIINY . 28
AMNTENDD 3-6 MITULNAIULDUTIADIUYHIOONIIO.... 29
AMWUIZNOL 3-7 NTZUIUM T UULUTIADUUBIDGIIND 30



emsguam

Y
Hiun
9 g 1 A P
MNIENO 3-8 AULVVNYBIRIINBUAE NI MADINAUIY 31
Y ] ) 1 a J
MW52N01 3-0 A10819UTENDUMIAIUIUAINITIIADT oo 32
a @ o a J
MWILNO 3-10 NILUIUMIAAMNIAQUALAIUIBNITITADT 34
4
AU TZNOU 31T UG VU e 36
[ =)
AMNUTENDY 3-12 NI MLAAIRDANHUENITEU...ooo 37
ANUTZNOD 3-13 NTINUAAIADUANHUEMITON o 39
AMNUTENDY 3-14 NI MLAAIRDANHAENITHU 42
MNUTENDV 3-15 NIMLAAIRDANHUENITIAU 44
MNU5ENDY 3-16 NIMLAAIRUANHUENITUBUI U oo 46
ANUTENO 317 AUMDUMITUTANINI e 49
AMWUTENDY 3-18 NTEVIUMTTUUAMINI e 50
A 1 J
AMWUITENOV 3-19 UTEIAMIMIUUBEG oo 51
AN152N01 3-20 NTZUIUNMTATIONINTAAOUEITAN .. 52
Ad 9 o oa A A
MW52N01 321 NILVIUMIAIUANNNEIVBINUNANIIMNTAADUN ..o 54
AMNU5ZNO 322 AIDTUHUAITANIDITIATOUN o 55
MWUTENDU 4-1 AIOEIINININIANDIT Y. 57
MNUTZNOD 42 AIDEWNANTZVIUMT S WINNMTAUMAZEU 60
ANUTZNOU 43 AIDGIHANTZUIUM TS IIINNINITAN 61
ANU5ZNOU 4-4 AIDGIWANTZUIUMTEIIIINMNNNTUL 62
ANUTZNOU 4-5 AIDGIHANTZUIUM TN NNITUOUT W 63
ANU52NOU 4-6 AN TUYNOONUUL 64
AMNITZNOD 47 HANMTNAABINTZUIUMIATIIMINMSIAAOUESIAG 67
MNUTENOU 4-8 NANNIAVURN s 68
A4 Y o oa A A

MW52ND1 4-9 HANINAABIAIUANNANGITOINUNANINNMTATOUN .o 69

(10)



IEMINITN

AN 41 HANTNATBINTFTININ



L1 anudfyazinveInsive
v a 1T A [ A 9}::' dgl ] 1 d' = 3 4
ﬂﬂﬂﬂuﬂTiLﬂﬂ@T%ﬂJTﬂiiNﬁ'f)‘]f'.l@]Lla3%5Wﬂﬁu1ﬂlwuﬂlu@81ﬂﬁﬂluﬂﬂ NYNLYANITN
] Lﬂy Aw Y I3 o = (] 1 A 09/’ t4
ﬂ’)’luvlllﬁ\iﬂalulellﬂwuﬂ%\‘lﬁ']ﬂ‘]ﬂﬁlllﬂl!fnﬂclﬁﬂfl\iﬂ\i“ﬂf]ﬂ'ﬂuEulli\‘]@ﬂ%‘]ﬁ@ﬂ!@\ﬂ’]\‘llﬁﬂﬂ'ﬁﬂ!
a [ [% <] 4 1 c?/‘ [} % 4
ADUIWILIUALASNITADUTINIT m%zmu"lﬁjinﬂﬁamﬁ il ﬂ\i"’ll’l’ﬂ’”ﬂiﬂiﬂﬁul!ag
v A A 4 4 1 dyo Y a Y =R [l [ 1 AAa v A [
NUITADWUN %Wﬂl‘ﬁfﬂﬂ15mlﬁa1u1’]111’7”]@ﬂ'3'1112ﬁﬂquﬂa@ﬂﬂﬂ@@“ﬁﬂﬂuﬁzﬂﬁwﬂﬁu&!agﬁ\?wa
1 I [l aa o w < ll a c?;l 4 ) A @
Gl’ammrﬂu@giu‘m@ﬂn‘mnmﬂu@Emmﬂ MIAAAITZUUNED9905UANeNITSNEINIY
@ A 2 A A dg’ < o A [ 1 ) 9
ﬂﬁ@ﬂﬂﬂiuaﬂWH‘ﬂ@nﬂ il WL UIIUIUN Lummﬂiz‘uumﬂanmmmumﬂ%ﬁlu
Ja a A a d? Y I ' = o o o Y g
ﬂWiﬁﬁ’J‘ﬂﬁ@Ulﬁ?ﬂﬂ’liﬂlWﬂﬂﬂﬁ@n\i il mﬂmlu"lmﬂuamm iaummﬁmﬁnuﬂﬂmﬂu
Y o w o A 2 Jy 9
‘ﬁaﬂﬁWHﬁWﬂiUUGlUﬂ'lﬁﬂ'lluuﬂ15ﬂ'I\‘]ﬂﬂﬂ'J'liJulﬂ@ﬂﬂ'Jﬂ

1 <3 [ 1 1 1o [ ~ o ¥ A Y
0619 l5na szuvdinandiulvgds bimusaneziinldwenistesdswld

P4
a a K

v 1 Ao 4 ¥y A ST ] Aay yx Y A
NUNINNOULINANTITUN ﬂﬂGUuulﬂlu@\‘]ﬁ]']ﬂHJULWﬂ\‘lﬁgﬂﬂ‘UuﬂﬂﬂTWﬂilulﬂuiz'llﬂllﬁ]ﬂlﬂ@u
Jd v va o 9 [ | o w [ o L4 9y
!W@!ﬂ']im@ﬁTuu@]l!ax8QﬂQ@]@Q@1ﬁﬂuﬂﬂaLﬂUﬂ1a\‘]Waﬂ‘luﬂ']jlgj1§$3\1!1/i@!ﬂ']im ﬂTﬂﬂTiisﬁ
Y
uﬂﬂaﬁ]ﬂWnﬁﬂHm$!‘KUﬁfl@llﬂﬂiﬁllﬂﬂﬂfnuNﬂwanlﬂllg{\‘]ﬂlﬂﬁnﬂﬂ’J']lllllljﬂfl_lﬂﬂllllaxﬂfnuﬂﬂu

k4
v @ ) a a 4 a
éj”ﬁlﬂﬂuﬂﬂﬂ ﬂ\i‘Ll‘Llﬂ15“1&61&%ﬂ1&ﬂ%1ﬂﬁ1uﬂ15ﬂ333J’JE1NaﬂW\l3Jﬂ%ﬁ‘l!ﬂ”li’.llﬂi”l$ﬁﬂ”l1/\l’3?]1’ﬂ

[

=K I ax & A o ¥ A Y Ia aa o val ¥
mnJu’Jﬁmiwummmsaumﬂmwammumm@mimmﬂnwau%uummium"lﬂ Q)"

] 4
i llgmsudadowiemstlosiumaiieaisy laedeiidszansnmuiniu

U Y

1.2. NINNIVDI

4 . Y Y an < v o w
NITATIVNUVANITU (Event Detection) %']ﬂEUleluaﬂ']Wﬂa@qqg’]jﬂlﬂu;ﬂﬂﬂﬂﬁ']ﬂmﬁlu

9

Ia a a = Ia a g A Ao
ﬂiz‘uaumi@lia%mmcﬂmimmﬂiﬂﬂ miﬂ‘ﬁmﬁlmgﬂuuummmqﬂﬁmmﬂiﬂmﬂuﬁmw1

Vlﬁlﬁﬂﬂ HANIBADNIT AN %WﬂﬂﬁﬁﬂHWﬂuaﬁﬁlﬁlﬁﬂ’J%}@\‘] FINTDMUNINANHULUDING

Y

b I~ k4 ' ° b
avdunuumamssinlfdumamsaiauau1diu 2 dszan 1dun (1) Smuamgnisel

o [

9 Pl Ia ayn vy Y A o d?
@IHLL‘U‘UVl’Jﬂ@u IﬂEl‘i]$“Vl1ﬂT§ﬂTﬁ'1!ﬂzﬂllﬂﬂﬂlﬂﬂl‘ﬁﬁ]ﬂWiﬂ!Wﬂﬂiﬂ@lviﬁ VINYAVDYaNNIMUAUU

]
S =

£ Y] 1 a9 [] @ % ‘A a [ ~
o3 Fagiupuaananiderdoiioanin 19 liaunsadanmsiumgmsainalsnaludnyazi
] 1 o 1 a 4 [ Y 1o o J
Tumewouineu'ld Juih luguunAaiielsulysdedest e (2) lidmuamagnisal 13neu
19 9 = = P A 9 I 9 Ao 9 a 1
ualgmsanudngluuumgmsaindsingeaailudunuy vareanddelduuafai
Y Y

7a A A s a &y A ¥ 4 o .
LW@JﬂTﬁmNﬂﬂiﬂﬁ D L‘lri@;ﬂﬁﬂl%tﬂﬂ‘lMU’e)El Wii’)W‘]_lllﬂfnﬂ "]5\11!111J§Iﬂ15ﬁ5”|\1@1!l!ﬂ‘”61]@\1
1



4 a = %] (] 4 o (] av Yq Ya
manseilInAnInMsANEIAI0e1UNANITaiNa1e 9 #29019 Lagra1e9IuIte 1A 15I5n1s
. A Qo o Yy 9 P
U094 Hidden Markov Model (HMM) o lodwsvasnauunvuazjiduunveargnisaineg
o =~ = v Y 9 o A 9 =R o a dg, oy [
Wlseumeunuauuny d1Kgnsel laNNANNAAIAAINULAZINAYUTIAUNIN 92QN
o & P a g a 2 v g & P
Ysudlugiuvuvesrgnisallsnd uazivgmsal latnayuileenazgnasranuilumegnisal
Aallsna
a v { [ 4
Lee CKuazamez [4] ldausniuidomsiny msduninuumuyenanisol
a a ag dll [ 9 asn ag a d' 1 as a dl
Aallsnd 91nnManIa Tonaanu Taglaiaueisn1snia leaaduana19a1n3a loaalou
dl d! sldy U A 1 an a d! Yo o
7 wniige Faldnugunnmmanurlouveinaazia leaat ¥ lavagduuumsinaue
vy d‘ Aa a a =\ g// o
Taglddoya vinavesmsnaou Ty, Falnunsuiianie uaz daTnunsud Mniuiinmsm
a o = 9 . A . £ IS [
UNTNYAIUAAIYAAN Tﬂﬂl"lf XZ difference ¥15® chamfer difference F21 U IANIN
A o o an a A A 1 o Y Jq 9
miounuvedanyuz IuIaTonatvoNazrinNuuanaNnY tazganielszynald N-cut
. EETR R . o A o sa A o
clustering #3901 1471 self-similarity A1 3zHMsUUHAMsAUTMTUKaNTIiRAYInG ANy
Aan ~ aw A9 W A 7 A Y1 Aa
1AMWIA TenaIvetl 19911 Ao nawesanumaou livesnin Tasldaga Inunsuvuia
pazda TNUNTUAANI FIHATIVYDINITIAAOU THUYBININIZYNITINTT WIS

naau 1MIveIn N (motion energy image)

(b)

A ag 9 ua/’ 4 A [
nwlsznou 1-1 ﬂ’l'ﬁlﬂa@uhlﬁji“ﬂ’lW')ﬂIf]Wi@?Jﬂ\‘]nﬂlﬁf]3ﬂ’lﬁlﬂa@u"lﬁjllagwaqq']uﬂ'ﬁ

4 4 1 4 4 1
waou 11 [4] @) maaasu T luudazmlsy, (b) wasiuveanaes msmasy 11isenng

tﬂ' 1 tﬂ' o o d‘
W\"ﬁiJ“VI@]’E]LN’E]\?ﬂN, (©) wamumimaau"lmmmmw



a v dy o A Y 4 A ~
Tuauddet wdanunmsmasu lvimIdannasinveainmesnisinaen lvan
) Y v
ADILBINUIIUIU 10 1151 NAUUIAT (vertical) LAZHUIUDY (horizontal) LA NFIAAIAIY
1 a Ao dy 9 ad A . d’ 1 1 a
uann19veenal Tuauddetile 2 35 Ao (1) Chi-Square INOWIANULANAIITEHINE 3 INLLn
FUNANIE 30 Fa InunIud (2) 19 chamfer matching method HIANVUANAINTLHIN WA
A 9 4 Aa o 1 Aad 09/’ I
manden T lumsadgduuvveungnisaidsnd sziinisusiaia Tensruaseniiu
, ' Y q Yas A A 4 A qu v a < v = o q
dudoe 9 1a1 1935157 (1) 130 (2) Nna1u e lsas1auunInsauaaienas 1nduly
d v ] o .
LINADIANHUSIRANIS (eigenvector) NIUNTEUIUNTT N-cut cluster LLAZATUIMU inter-cluster
.. . £ g ' Y = A d 4 a a (A
similarity ~ ¥uiluainnuaaiendsveurgmsalniluvamsailsng Tasnadininnu
Y 2 o v, .. . A g Ja a 1 ll < Y
AAEADIAINIT inter-cluster similarity ﬁwamuﬂummmmmﬂﬁ LLG]@EJNlliﬂG]”Ill 01
4 a a Y L] v U LY ] = ] = Y d'd
mgnsaidsnagneduieied1eFanunaznqualediaivuialvgnedses Idnand
Y
Uszansnn a1 lumriuen luddszansnmlumaiunleauesa
A g [ 1 ) 1 £ g
AMsENoY 1-2 (a) taainan lueanduanyae nIN1eveIn1snsenin1ee suiy
a v Y a = J -4 o w ad d'
1UI8U04 Blank M. uagang [16] IaN1sadammnauysdludaunmialofdinnsn
] = 9 =3 A A A4
Fupauriu ldannnnuveansaaou lviveasienmenazmnaeu lvive sy ¥ingu
Y
1 o w 1 Y] Aav 1 o Y]
WuoonnndIuesdidededany  Tassuidoil ldaulanimevesnysdludnyae
[ Aana 9 = a dy A A 9 a 4 [ Aan
suUswawialaglgn iy lulsnasnun-nal Taadenlsmsuaszilialuaena
A Y o [ a = 1 1 Y] a dy ~ 9 4 vAa
e l¥dmivesuene3lananinie madalsmasiun-narluueglslse Teminuauiaves
o 1 d‘ 9 (% (% d‘ d' (% dy d‘ 1 dy d‘ dy d‘
dumaszyduriaie lsanaguanya NN IVeINUNUN-A1 1FY NUNDWIZYDINUN-
A A 1 1 [ 1 A A = [ 9 o [
namiaNuauegFay Mn1enunislasunilasgdseveslasaasig dumusuas
a a o dy 9 = [ d' o 9 Yo 1
nane Tasaudseil lduaasiegauanvauziawisoildldlunszuaunsdiminig ns

[ 1 1 d! I Y o d' = dy [ YY) [l 9
ATIVUULASNITIANTNUNTINI Glf\icl‘lfulﬂﬂﬂﬁﬁ181ﬂiﬂﬂ13ﬂﬂi1ﬂﬂ\1ﬂ1WWHﬁﬁ\1‘]§ﬂlﬂuﬂgllla?

av dy o o 9 =2 A 1 [ S Y
Llagﬂi%‘U’Jlﬂuﬂu’]ﬁ]EI'LJffﬂllﬁﬂﬂNWHﬂUﬂJny‘ﬁﬂ1WNTﬂU‘ﬂMUWG@T’JUVlNﬁNyﬁmUlﬂ



(b)

MNU5ZNBY 1-2 #a N TNAAANHUZNININITUY [16]

Ay A A a o @ 4

Andrade E. L. uazame [5] ldidueauitefiosuiena matdadimiunuvanisol

Andsnalungual (crowd) TaspTuIoaNNAUSNABNOANTIVVOINGUAY IAYTUNA optical

[ 2 Y 4 A A A 1

flow pattern UBINGgNAUF Id1NINMBT Msndou TnIveInIsnAouNvoINgUAL 1Az
a Ia a Jd o !

HnsauungmIainalsnAninnisnszatsveanaesanyazanIzi 18910 optical  flow

1 Jd o A ' { 1 VoA a a

pattern §1911INMBTANBULIMMIZITUTAINNIZIIBDONIINNAUUAAIIUTUTNITNITAAYTNA

4
YOINGUAUNATL

2 1T
150 - G
o8-
0af

o2k

sacond av.

ok

-02r

—0at

-08+

. " . . s R
] - ] 2 0 F] 4 2 EN E

Jd o
AMNYTZNOV 1-3 MTNTLAUINADTANHULIANIZ VD Optical flow pattern
4 a U S = Ia a v a9 S
mqmsmﬂmmamqmuﬁaau (’d‘ﬁ'l) Lmzmﬂﬂ'ﬁmNﬂﬂiﬂﬁﬂl@ﬂﬂquﬂuﬁﬁm (aue) [5]
v av as/’ o 1o g9y F2 ' = qs;l
amgm:qmnﬂmgmumwummz"lumwuﬂmqmimﬁmmu”laﬂ@u ANUVUADUNIT

o A Y KX o 2 o an .
MOUNADAINY UsENouAIeNIHENaNEUSIRNIZIINNINIA 10 (Feature Extraction) U@



ihansazmmzn 13 munssuansansgluuudeyai I ldduduuveangmsainse
WQANT5Y (Event or Behavior Modeling) 9niiuniguunit 1 finsaniitenimgniseli
auly (Event Detection)

MIANARNUANYME (Feature Extraction) D NMILONANHMULINNIZYOIUOYANINIIN

9y

an £ o A Y Y I S A a c?/‘ dy 1
3@ Te Favzgmiwoya llUszuanario 19 1&dumansainTenganssuneluduaouiiug
aw 1 [ [ A Ya o o
azaudseaziinnuuanaisduldawdnuzmmizaoungnissngiseadulavziinig
o ] ] av a3 a 4 <
ATIINT A0E1UTU 1UITBUDI Lee C.K. tazame [4] 1¥anuiwaz figmanmsnaouiniy
1 d @ qg/, av
JoyalumsnlSeuifisuanuuanaavoungnisal $aUUIEV09 Lee CK. azanz [4] 39
Y J A o o 9 a a
lammnmesmanaou lvavesnmaeludiuau 10 sy i ldnswda Inunsuuuia §aln
a J A & ) o o3| @ 1
unsuiamaey guunnmesanunaeu 1 g luimualludnsuzmmzvodas
4 @ 1 % aw
MaN1TA NAI9E19M114 A9 11UITEUDY Andrade E. L. azaue [5] 14 optical flow pattern
[ 4 1 4 Y 4 ]
uaasanyazamIsivesnguay Tagldnszurumsaniunas ievielunsmaniu
4 A o [ 9 A o S .
nwesaNuadou Tnadmsuludoyaiivoduaanilu optical flow pattern
o J a2 . .
ﬁ%WQLL‘].I‘LIMﬂ@QM@ﬂ”IiﬂM?’OWi]@]ﬂiill (Event or Behavior Modeling) A9 NTLUIUNT
4 a @ { c?/‘ % 1%
afAunuUveuMgMIainIeNgANTININToYavesanEuz N IdanTuasuaiaguanyue
A29819FU MUIT6UDI Lee CK. tazame [4] 14901anasIuU09 motion vector 1UHUIA
' & I~ A4 A0 A o Y =
tazuuaueu  Tugianal 10 wsy mataauiluteyamsinaoundoiiosnuuasasNoud
mmﬁ’amﬁﬁuﬁu 1ALIUIVEVD9 Andrade E. L. azAY [5] uag Fisher R. B. 1519)'} optical flow
A ] S w . Y A A a &
pattern JAgN91341910 161INNOTANHAILIANIL YDA optical flow DIANVDUDINTNAVUA
o <3| t4 a
vzgnimuaiumgmsaiilsng
J A a 4 ]
N13A3I9MUNHANITA (Event Detection) A NTZUIUMTATIVNUMAMITaINNATY 11
[ s o 9 A S Y @ [ [
AUAULUUIMAMIINgNivua e nimgnsaindeans A1o6191%u Lee C.K. azan [4]
a o 4 A =
pBueigMsel lugluuuvesHaswvesnmesmsiaaeu Iny Faaaslugdunuauns
@ qu’ [ 4 1 v o
muuﬁﬂ%’waﬂms Chi-square distance measure Lﬁﬂ?ﬂﬂ’fmLL@]ﬂ@]Ni%W’JNM@]‘mim uaﬂ%’
WRsAEANUARIBAES tpaTLNoANNIANANTEHIIMamMsal uaz 1Fnnesdnyazinmg
a 4 Y = [ 1 A Y 4 a
VOUUATNFANINAAI8AAITUNTZVIUNITANGN (Cluster) 1WDAUNUKANITAIINALAL
aw % v
9MU30U09 Andrade E. L. uazang [5] IHnnmesanyaginnizued optical flow ¥89nguau
a 4 U awv J Ia a a
TunmseSuemgmMIaivoInguan UITSUNIHANTURAYTNADINAITHIITUINTEIBVDI

NNIRBSANHUZIANIE  A1UBYAVDL 1INIABS ANHUIMNIZITUINITNTZIBUANDBNIINNGN

d 1 1A VoA a Ia a
UBDN nﬂmaiaﬂymzmwwmuiwmﬁmaﬂimgLzammimﬂﬂmqmsmmeiﬂm



Y o 9

Aav A A Ia a < J QsJ‘
%Wﬂfniﬁﬂ‘]elN11!’3%El“ﬁLﬁﬁl')"ll’E'J\‘lﬂ‘Uﬂ15ﬂ1!‘H’1m’ﬂfniil!Wﬂﬂiﬂﬁllﬁﬂ\?ﬁlﬁj&ﬁuﬂmlu@l@u

=

3 = Y A @ Y o w c?xl @ dy
ﬂizmumﬁuuumm%aLﬂﬂmu %391 52NoVAIAIAUTUADUATH

HENANHAULIMNIZUYBITOYANINIINIA 1D

'

aedunUNgAnT Y

'

ATV UNANTAL

o Ja a
Alsznou 1-4 ﬂi%‘U’Juﬂ1ﬁﬂNWl‘!ﬂWiﬁquHﬁﬂﬂ1iﬂ!Nﬂﬂiﬂ@]

& dy Y o o a av A o a
G]Nﬂig‘ll’luﬂ15uﬁ]3gﬂﬁl°ﬁlﬂullu3cﬂ'N'ﬁaﬂﬂWﬂiuﬂWiﬂ’lluu\ﬂu’ﬁ]EILW’E]W@JHHCWﬂHﬂ

Y Ja a
ﬂ13ﬂu‘ﬁ1l'ﬁﬁ!ﬂ15mﬂﬂﬂﬁﬂﬁ

(Y] d
1.3. Ingiszaan

1.3.1.  AnymadeutazSeuiiounshiauveunaina1eg neaiumsauning

inaou 112 (Motion detection) Meluninia o

[ ]
= =

1.3.2. Jowazianimailamsaaaiuiag vareiagimaou lvamelunimiale

(Objects Tracking ) Vlgl}E)EiNQﬂ{gljm
aw @ an 0 9y A A [ Y @
1.3.3. aﬂﬂuaxwmun‘ﬁﬂ1smmuama:gl,amsmaauwmmmqiwagcluaﬂymz
v o J Y . . . Y
ANUTUNUBIT U Space-Time-Behavior Representatlonulﬂ

Ao ] a 9 Ja a 1 9 & o
1.3.4. ’J%EJ&LQ%WWHHﬂﬂuﬂGlHﬂWiﬂuﬁH‘ﬁ@]ﬂWﬁmNWﬂﬂ@] (fJEJNHE]EJWH\‘]LWﬁ]ﬂWim)

'
A o

a o 1
memsaazidoyaMinaue Pawgluuuamwdefainld (Space-Time-Behavior Analysis)

U

1.4. YBUIUANIUIVY

E4
]

Aav A Y AR ) k4 1
NUIVYUYUUUNTUANH 2 NI "I,ﬂllﬂ
1.4.1. Object Removal WA15RINIAIYARARINITIAAD U0 IAqIdMT000N 910
a A £ Yo a 2 Y
Uit’)ﬂ!‘l’]ﬁuﬁl% G]Ni‘]fﬁﬂ‘]slﬂ!%Wi]@lﬂiﬁlléllﬂx‘luﬂﬂﬁﬂi%ﬂ@‘ﬂﬂﬁWﬂﬁﬂﬂﬂ?ﬂ
A a ! A v A <
1.4.2. Direction/Speed Control ‘Wi]"liil!"Iﬁ\i‘Wi]@]ﬂiillﬁLﬁﬂ?%ﬂ\iﬂ‘ﬂ%ﬁﬂ%ﬂ!ﬁ%ﬂ'ﬂﬂﬁ?

A A
N3 UNUBIYANA



1.5. dszlaminimaiezlasy
1 1 Y 1
lamatiansaaamunsndouivesiag nieunidoyangAnssuueeing Fad1w1so
i liszgnd ldsudunumgasaidadsnd 8111143 wiuszuundesrsstlaiiose
vsnmilymdmanudaeass 1w liaunsoanTemansimaanugapdesuiieaan

J 9 Y 9 o @ A o o A yx 9
N1INBNITINY LlagENGLGM']JUWE‘]ﬂi]uﬂuauﬂ]iﬂjgﬂTNﬂqﬂ@ﬂﬂjﬂ



=
UNN 2

NgBYUASHANNS

2.1. ﬂi%ﬁ‘]J’Ji!ﬂ1§ﬂ§’Ji]$‘]Jﬂ1§!ﬂ$®1ﬂ?‘i’3

2.1.1.M3A5103UMsnaeu vInug e (aAnuuana1eszrnansy)

d'i Y Y ag d' Y [} d' d' (= d' 9
mamllﬂm‘wmﬂﬂammTa‘nﬂam“lumaaummz"lwmnﬂaauaguﬂam 1318901950

Y
A

[ A 491’ [ 9 a A 1 ' 9
u&lmﬂqmaau"lmaaﬂmﬂwuwm"lﬂiﬂamﬂuﬂwumu A9 ANVUANANTZH AN T Iﬂﬁlcl“lf

*9
9
&Y

a 1 a A dy v 1 (= A A
UHINAI mmmmﬂuwuﬁammﬂmw M YAUU 9 %"luumilﬂaﬂuuﬂmmﬂ Gluﬂlﬂ!%‘ﬂ
a @ A 1 a o 2 ~ 1 v o
mnmmqma@u"lﬁamimmw U UINIUVUU 9 %zumitﬂaauuﬂmm"lﬂum ANUUNITHN
a @ A =2 o 14 Y1 A % 9 ! A
vinadagaaeu lvatseuisoildlag 1dananiminawlsuiligiuaudloainanini

1 Y & a < Y o dy
L’JﬁWlV‘IiNﬂ@uﬁuW WQ@ﬁUWﬂLﬂHﬁNﬂWﬁVlﬂﬂ\iu
||[frame; — frame;_4|| > T (2.1)

o Y
Mvualy
a 4
frame, A9 A1 2 g la o Tupwinal i
a 4
frame, , A9 A1 2 g nla 9 Tupwina i-1

A R ' ' o S di’ [ A » A
T Ao meuml,mszwanmigﬂmuumﬂuwuwmmmmmaau"h/i’s

a 1 {1 o 4 1 1 J c?/‘ o < @
Uil’]ﬂ!ﬂWﬂﬂﬂWWﬁﬂ'lﬁNy'ﬁﬂl“UﬂqWa@n\iﬁﬂWNWﬂﬂ'ﬂ T ﬂﬂﬂ'lwuu‘ﬂggﬂﬂ'l!LUﬂlﬂU'JﬁQ

A Y 1w 4 1 S 9 ' c?/‘ o <3| dy Y 1
ma@u”l‘muaxmm VYTUVINAANWNUAIUDYNIN T ﬁ]ﬂmwuuﬂzgﬂmuuﬂlﬂuwuﬁaﬂ 134]

u Q

ag

dyd A A 1 1 1A ] Ay o [~ 1 A v
ﬂig‘U’JufﬂiulﬂH'J‘ﬁﬂﬂJﬂ?WﬂJ@@ullﬁ'Jﬁ@ﬂVUﬂLLU\i (T) naeamruauaingi 91m1n

smuamganulUmiswunusnadagmasuluanlatesnu ) vaizididivuasnnluf

@

= tﬂ' 1 1 a QJ d’ a
wiidyausuniui bilsusnadagaaou lvaunamulyl

2.1.2. MITIA N 80819791309 (Running average)
Y Y

a a 4 A a A v v o 2 o & Y =
‘Wi]ﬁﬂiﬁJuﬂﬂalﬂﬂﬂlummﬂﬂﬂ”li!,ﬂﬂ@u"lﬁj AIUUTUADUUTNVIR BT UABINNS

[ A 1 A A dgl A 9 I A A 9 a a
ﬁi?ﬂﬂﬂ?ﬁ@tﬂﬂﬂullW?GITQ 9 ‘VILﬂﬂﬂlULWﬂ‘l‘]ﬂﬂuNBuhl,‘ULﬁJﬁuiuﬂ”liﬁﬂﬁ”l‘JJWi]@]ﬂiiﬁJﬂJ@Q



1 Y
yana nIzuIuNsaTItuANmaaeu Ivaausai lalasldmaianisauiiunas

1 4
(Background subtraction with selectivity) F¥a05110'lA Iagaumsaati

Fiii(xy) = {0 if Ilmgi+1(1X, }gsg Bi(x,y)| >Th 02
_ (aimgip(x,y) + (1 —o)Bi(x,y) if Fiy(xy) =1
Bit1(xy) = { B.(xy) else 23)

o Y
fvuala
. I 1 o 1 Ao o w ~ .
img; (x, y) Wumusagann o SUnUINNa(xy) Y89 1aunINg i
I 1 o 1 Ao 4 o I~ J
Bii1(x,y) toz Bi(xy) Wlumuesganin o duniainalx,y) Agnimuaiiuig
VAIUBIAIAUMINN i+1 1AL i MuaIaL
I 1 o " Ao ~ o I dy 9 o w
Fiyq(x,y) dumvesgamn o @unianna(xy) Ngnmvuadluiuminvesdiny
4
NN i+1

1 Y [ Y
afludunlsgaldsmuasniminlumsdsulgsanamwiduiuwas

Y I X o a A a = 1 Y
nnaums (2.2) uaaslimudamsannauinaimnansulasun)asaiga Tagldmm
{ 1 1 4 v o w 1 ) U 1 [ 4
auinlsuaigaaudremnmiurasdwunouni dimamsmuIumIANuIANA1TNYTol
~ A (=Y 1 1 o [ £ =i
Nyanmlaliaunn VAL Th A9 Fipq(x,y)  szgamivuaanilu 0 Fanuieds
1 dy a A = ' I Y I a JREPN
yanmaribnanisilasunlasaidediaun wazernidu il 1dherwiduusnuiinanis
A @ [ :;’ dy 1 a o A a)
wdou nivesiagla o nasonduaeuiinin Fi,, vzgnilsvilgalasmatamsduiunsie
o a = A A = 1 PR 3 ) Y A
tazmIguiumsilaioauyanIm@ed 9 nsenquaamwnlvmaanun Mn F, 1viaoe
~ [ A A [ qg/’ £ Aa 1 dy [ [V A
iesiageaou lvandvinalnagmniugasnamarivzgnmenineiniuiagnaeu Tn,
£ I 4 a ~ 1 I [ A di‘ 9 ] o
eorduuywd Tagpsnangnasranuinduiagnaonlny (Wuwi) vz ligniilal
Y 1
dsvilgemnunasmuSou lvluaums 2.3)
Ao { [ I~ o 4 [
Mnauns (2.3) Anaganind lugnasrenuiduiageaou vl (F(x, y) audu 1)
3 4 a o g [ 1 ]
wifluSoulvlumsinanmsdsudamwitunas By, Teo a1 B (xy) szgniiuili
-9 1 ] Y 1 1 dy [ a 1 1
Tagerdea1naesdau ldun ariuvaudan Bi(xy)  wazaininamwdsuaiga
. 1 I o o g’ v o 1 ] 1
imgi1(x,y) Taolda a ifludulssmuaimineasidiuvesnmsdsuilgea By, (x,y)
A 1 A 1 I~ = 1 Y Y . aov dyd 9
891 o UAWN A1 By (%, y) Nazumguinlnda img;, 1 (x, y) vin meluaiveinaenly

A1 o 1N 0.05



10

9

] <] ax AQ o Y1 A 1 P M 9o o !
'asm"lﬁﬂmu ’JfﬁﬂﬁuﬂElxiﬂ\‘lal"lfﬂﬁlﬂl!ﬂ\mﬂﬂﬂﬂﬂ uliJ1ﬂﬂ1ﬁuﬂﬂixﬂﬁuﬂ1§ﬂ1u3mﬂ1
v Fl

= [ [l [ ax =g A A [l 9 a = 1 A & o Y 1
VALLNBDYINYALIU uamﬁmiummuwugmaguumimﬂmmmmﬂm&lwmﬂﬁ"lummm

(% % ' dy (4 d’d 9
%ﬂﬂTﬁﬂ‘UﬂWW‘H‘Viﬁ\WIiJﬂ1§ﬂ§$%18ﬁﬁ1&l§l'ﬂlm’ﬂulﬂ

(a) (b)

Y v '
amilsenau 2-1 @T’J’EJEJNN@ﬂﬁaUﬁuﬁﬁlﬂiﬂﬂﬂ"liﬁ"lﬂuﬂﬁEJE’JEJNG]’E)Lﬁ’EN (6]

(@) wsuilagiiu (b) mmiagnaoulng

v A v VoA = as ¢ . .
2.1.3. ﬂ]i‘ﬂ1ﬂ1!ﬂﬁﬂ@ﬂﬁﬂﬁ!uﬂﬁiﬂﬂ§$!ﬂﬂﬂﬁﬁﬂlﬂﬂlﬂ1m°ﬂﬂu (Running Gaussian

Average)

[
=\

Ay v a9 Y1 A 1 ~ U o J
NTTUIUMTAVNUHAINADINNT IFAIVAUL VDA il%WiJ“ﬂiyJﬁ"l’J"lﬂﬁﬂ"lﬁuﬂﬂ1

k4
v KX A

= ] d‘ u’/’ o Y [ a q aa d'
wummwmzauuum"lﬂmﬂ muummgmﬂﬂmiﬂixqﬂ@%ﬂizmumimmamwa

o = T Aa [ 9 [ = d‘ o
ﬂTLl3mﬁ1ﬂ1ﬂlﬂLLUQV]Nﬂ1iﬂ§U@31ﬂ Tag01fIN1INTOVD UM TIFU (ﬂ, O') INOATUIUKN

Jd o ] ] S d" Y = [ d”
HanFuaNurUIUUA NI WU INUYAY (Background PDF) Iﬂflllﬁuﬂ”liﬂﬂu

Perr = aFe + (1 —a)p, 24)
0t = a(F — p)? + (1 — a)of 2.5)
Aviuald

A 1 d‘ C%
pe  fo Aundsvaansuilagiiy
Uep, 7O AURDEVOUNTUDA 11
A 1 d A
o Ao manulsisuveumdigeu

9
! o 7

o < 1 ]
9 AMUIHUD l!aguﬂﬂzlﬂuﬂWﬂ@U‘] 1¥U 0.05

)

A ' = a

tﬂ' 9 1 1 t:'
o ﬂ1%@ﬁ'ell@QﬂWW@HWﬁﬂHﬂNWﬂlﬁuﬁlulmazL1’\|'§1J nIat

Q



11

1 1 1 o 1 < o [~
nnauMITeaum a Midensziinademstsualdiiuilgtiu vesTwaaliiu'll
1 9 A (] <3 =R VoA [ a oA d A
9819919 1300819590152 uaniuan limwizinzes nazgwnlwesouveundiFou PDF
[ 1 { I o @ 1 A < 4 a
wuandeuuunasgiundwsofuan ldad e i daumsiun1us iesinmaiin

. o ] o % 1 <] a 4 o
Running average 1¥MSNEINTHUIWANNIITO0UIN FIuAazIATILNUNITINADS A0IA1 AD

=1 os/’ 1 1 tﬂ' 9 1
Hiaviva n A uazuaazlsunu lunat t Ao F;

]
A A

A I o g1 A
ﬂzgﬂwmimuﬂuﬂsxmmmmall NADINDUL E’J‘Llllell AMUTUNT (2.6)

a

(e o) Tutiviles Fearveegadd
Y
A

|F — u| > ko, (2.6)

u’/’ [ g Y
s lunsdiivuenmileanaunsi 2.6) 1iu F, vzgniaifuilszmnnvesniniiumds

dy 2 A qgll a 3 o y
10 LA NN UNIAINETNNITN 2.4) uaz (2.5) U Tuszuunaisaniu o lvdunms

{ o Y o J | @ 1w
Uszunanaidas vilddasimsdsua liiduilegiuvesa g wse o Fr1ndasinadiun

4
AQd o A

v Y ] < 3| a Y A 1A y3 o
Ell’f)\il,mazl,%liﬂllﬂ ’E)EJNlliﬂ@"lll 6l‘LlﬂZ]"Illl'ﬂLlil5\‘1LLE]'.]L‘VIf"I‘Llf"ILlf‘lfl\m’EJ'J"IlI‘fﬂi’]J33112]?1Wﬁ]’lﬂlj?ﬂ‘]_l

{ o A g @ @ ] 4 o a o
amiuvdsndunuunada  @10619015aUMNNUYA9A289T  Running  Gaussian 914

mMwlsenon 2-2

(a) (b)
Y
Mnilszney 2-2 wamﬂmsaumwﬁuwﬁqéfam‘ﬁ Running Gaussian [8]

(a) Mw3d Tedaaewlsuilagiiu (b) mmiagnaoui

'
[ A

o A g 9 a vY
msswunganwiiilulagaaoulviamnsonagenld lagnasurd o [F — u| >

Q

A

Qg]} o I [V & 1A ] A 9 1 [
kO’t fl;I‘ﬂﬂ"I‘W‘Ll‘Llﬂggﬂfl]"luuﬂlﬂu’J@QLﬂﬂ@ullﬁﬁ SHAATUALLUN fﬂlﬂiﬂla@ﬂllﬂﬁ]"lﬂﬂ1 ko Iﬂflf’n k
< 1 o &£ g 1 A 1as dydw ] @ @ 1 dy o Aa
Lﬂuﬂ’lﬂﬁi’lﬂﬂ!“ﬁﬂlﬂuﬂ’lﬂﬂﬂ LWI'Jﬁﬂ'IﬁUﬂEI\?ﬂQulﬂJﬁnﬂﬁﬂﬂﬂﬂWiﬂUﬂTWHﬁﬁ\?ﬂNﬂTﬁﬂﬁgfﬂ'lfl

vanegluuyla



12
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Model-based Human Action Recognition

Nattapon Noorit, Nikom Suvonvorn, and Montri Karnchanadecha

Department of Computer Engineering
Faculty of Engineering, Prince of Songkla University
Hat Yai, Thailand
pinggtar @hotmail.com, kom@coe.psu.ac.th, montri@coe.psu.ac.th

1. ABSTRACT

The identification of human basic actions plays an important role for recognizing human activities in complex scene. In this
paper we propose an approach for automatic human action recognition. The parametric model of human is extracted from
image sequences using motion/texture based human detection and tracking. Action features from its model are carefully
defined into the action interaction representation and used for the recognizing process. Performance of proposed method is
tested experimentally using datasets under indoor environments.

Keywords: Keywords: human action recognition, activity recognition, human modeling, video surveillance

1. INTRODUCTION

Recognizing human activities from video sequence is one of the most challenging problems of surveillance application. In
this paper, we propose the method for recognizing the basic actions of human activities, which is necessary for the event of
interest detection, for example abnormal or rare events. Here, “action” is referred to simple motion patterns normally executed
by a single person, such as walking, standing, laying, bending and sitting, and “activity” refers to the complex sequence of
actions performed by several humans.

A large number of publications work for action recognition' . Efros et al.” attempt to recognize a set of simple actions
(walking, running with direction and location) using a set of features that are based on blurred optic flow. Robertson and Reid
[3] propose an approach where complex actions can be dynamically composed out of the set of simple actions by building a
hierarchical system that is based on reasoning with belief networks and HMMs. Yilmaz and Shah* extract information such
as speed, direction and shape by analyzing the differential geometric properties of space-time relation. “also analyze the
space-time volume. Zelnik-Manor et al. *define dynamic actions as long-term temporal objects at multiple temporal scales
features. Bradski et al. "develop MHI for motion segmentation that allow determination of the optical flow.

The rest of the paper is organized as follows. Section 2 describes our parametric human model. Section 3 depicts how to
represent the actions for the recognition process. The experimentation and conclusion are discussed in the section 4 and 5
respectively.

2. HUMAN MODEL EXTRACTION

In this section, we describe how to determine the parametric model of human from the images sequence. The overall
process can be divided into two major steps: motion detection and tracking and human model construction with parameter
estimation.

2. Motion-texture based Human Detection and Tracking

Moving object is separated from background by using background subtraction technique which small noises are removed
by morphological opening and closing filters. Generally, an object might be detected in several fragmented image regions. In
that case, a region-fusion operation is needed. Two regions are considered to be the same object if they are overlapped or their
distance less than a specific threshold. With these constraints, the method is again very sensible to light condition, such as
shadow, contrast changing and sudden changes of brightness. Intuitively, introducing some special characteristics of object, for
instance texture properties, will probably improve the better results. Therefore, in the fusion process the color probability
density of object’s texture is additionally applied for computing the similarity between regions using Mean-shift algorithm’ .
This mixture of motion and texture of object for detection and tracking can reduce significantly noises and increases
consequently the effectiveness of our tracking algorithm. However, there are always additive noises superposed with detected
objects that will be eliminated later by human model constraints.



80

The extracted foreground that supposed to be a human is then segmented into three regions representing the three important
parts of human structure, for instance, head, body, and legs. Noticed that both of hands are denied and only one component is
used for representing the both legs. We assume that with only three components of human model the five basic actions could
be indentified correctly. Standing action is used for initiating the human model construction which the relations between three
parts are specified explicitly; body region is bigger than others and located at the middle, the upper and lower connected
regions are assumed to be the head and legs parts respectively. In this step, we have to deal with errors emitted from motion
detection and tracking process. The human model constraints are used for noise suppression.

O =0

-

—
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Keywords: (a) Simplification of human structure (b) Example of reconstructed human Keywords: Humain model with parameters.
model from image secquences.

3. Parametric Model Definition

Our human model for action recognition is presented in the figure 2. The parameters of model are considered into two
groups: internal and external parameters. The internal parameters [v,,7,] represent the characteristic of human structure, which
describes the distances [V}, Vi ] and directions [Vg, Vle] from body component to the head and legs components respectively.
The external parameters [Vp,q,Vmz,Vms] correspond to the properties of human movement from frame to another. More
precisely, it characterizes the velocity [V3,, Va2, Viz] and direction [V, V% ,, V&3] of the head, body, and legs components
respectively.

Note that we define our parameters relatively up to the centroid of human components in order to reduce noises produced
during the low-level process, for example motion detection, segmentation, tracking and etc.

3. ACTION REPRESENTATION

In this section, we explain how to define the basic actions. Experimentally, we found that almost activities can be
decomposed into the five basic actions: standing, bending, sitting, walking and laying. So, an activity can then be described
by a sequence of these actions with some transition parameters mostly depending on motion vectors. Figure 3 shows the
actions represented by our simplified human model.

To recognize the actions, we establish the features of each action from the parameters of human model by the following

Uh Uy OV 0Ty 0Ums 0%y 02D, 020,
39055 ac Tor’ o’ a2 * a2t a2 )

=0
;—’5 the angle ratio between head and legs with respect to the body.
1
=S
;—’; the distance ratio between head and legs with respect to the body.
VS, 0VS,, 0D .
% ,%, % the velocity of each human components.
02051 0%V, 0%T3
atz ’ atz ’ . atz . . . . . . . .
Our assumption, by combining the above features we could identify the different actions correctly. The figure 3 simply
shows the complete basic actions with its features. We classify actions into two types: static and dynamic actions.

the angular acceleration of each human components.
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4. Static actions

The actions are considered static if only if there are at least one component which the velocity is null. By definition, the
static actions are comprised of standing, bending and sitting. Consequently, Its features are then combined by only from the
internal parameters [¥),, 7;], that can be used later for action identification or action discrimination.

1. Standing features

In general, the standing action will provide ¥, and ¥, that tend to be paralleled with vertical axis, independently from the
camera view of point. And certainly, the velocities of very components are near to zero. During the transition state, for
example from standing to sitting or to bending, the angles of ¥, and ¥, increase while inversely decreasing for the opposite
transition.

o s Oy _ OV L s
vy =20, v,g = 180, & = o 9_ Pk 0
rr >0 2), s >0 3)

2. Bending features

For the bending case, the head component is blending down while the body and legs components are still fixed.
Considering the parameters model, the vector , is likely to be positioned vertically. During the transition state from bending
to standing the angle of ¥, will decrease.

2 O Iy
of = 180, 2 = i = o)
%)
P <0 ®)

3. Sitting features

In the sitting situation, the characteristic of features is opposite to the bending action. The vector ¥, tends to be paralleled
with y-axis and the legs component does not move. During the transition state from sitting to standing the angle of ¥, will
decrease.

35
50 =0, %ms ~ ©6)

—1 <0 7
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5. Dynamic actions

The actions are considered dynamic if only if all components of human model move. We found that only the internal
parameters of human model cannot discriminate or identify the action itself. It needs to consider additionally the external
parameters as transition factors.

Walking features
In case of walking action, every part of human move generally and approximately in the same direction and speed.
Therefore, the walking action can then be identified by the standing action features with motion transitions of all components.
So, their velocities are superior to zero.
VS, . OVS, . V33
at — ot ot >0 ®)

Laying features
For the laying action, every parts of human body move with different directions and speeds. In general, head component is
faster than body and legs respectively. We found that with some specific camera view point the ﬁh and 171 are lay on the
same line, which is recognizing as standing action. Thus, we cannot use only internal parameters for identifying laying
action. We define then the laying action with the standing action and motion transition features. Generally, the acceleration of
head is more than body and legs components. And certainly the acceleration of body components is bigger than the legs one.
0Ty 3% Tms - 0Tms

> > >0 ©)
at? ot? at?

The global relation between actions can be represented as state diagram, shown in figure 4.

Dynamic actions
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Keywords: Action representation: dark arraws with number refers to features defining above, dash arrows are the N/A action transition.

4. EXPERIMENTATION AND DISCUSSION

The experimentation is performed using the datasets established under indoor environments. Five peoples with different
clothes act randomly and continuously with respect to the testing actions, consisting of 77 standing, 28 sitting, 50 bending, 44
walking, and 11 laying actions.

Figure 5 shows the results of the parametric human model obtained by the extraction process: motion-texture human
detection and tracking, segmentation, and modeling. The image regions in red, blue, and yellow colors represent the head
(hands), body, and legs of human structure. We can notice that the red color describes not only the head but also hands; due
to both of these regions have the same skin color model. However, using the constraints on human model the simplification
of human body is done quite well in the most cases. The blue ellipses on the figure depict the principal components of model
and the red line linked between its centroids representing the internal parameters [¥7,7;]. Consequently, we can determine the
external parameters [VU,;,Vmz2,Pmz] by computing the movement of each component using results obtaining from the
previous frames during the tracking process. The green arrows at centroid of each component show the velocity and
direction of movement. In this way, the features for identifying the corresponding actions can be estimated.

Figure 6 shows the features of actions extracted from human model during a testing scenario. A man acts the actions:
bending, sitting, laying, standing, and walking respectively. Using the static and dynamic action features defined in section 3,
we can recognize correctly the corresponding actions, shown in the rectangle box. However, we can also observe the errors
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obtained in a short period of time during the transition state from laying to standing action, which our method recognizes
as N/A actions. This is quite normal because these transitions are not modeled explicitly in our action representation, figure 4.

(a)

Keywords: Examples of modeled action : (a) Standing (b) Sitting (c) Bending (d) Laying

The table 1 shows the experimentation results of our method. Number of frames representing each action is compared with
frames in total of the identified action. From the highest to lowest recognition rate the actions are ordered by following: laying,
standing, bending, sitting and walking respectively. The lowest rate can correctly identify actions up to 80%. In the worst case
for walking action, we found that errors are produced when both of legs are separated, which leads to incorrect computation of
centroid of legs component. This may be corrected by improving the human detection and tracking method. In the best case for
laying action, our proposed method can completely identify all testing datasets. In average, up to 93% of basic actions are
recognized appropriately. Note that N/A actions mean that the frames are not recognized by any modeled actions, but it can be
identified as the non-definition transition actions showing as dash-lines in the figure 4.

However, using our method the errors of recognition can happen probably in the case where the camera is perfectly
perpendicular to the actions. This make the internal parameters of human model became insignificant for the action
discrimination. In the future work, to increase the recognition rate, it is necessary to correct this special case. More complex
parameters model may be established or more cameras are used for recognition process, such as multi-camera based action
recognition. Accordingly, this may also lead to the solution of the N/A action recognition problem too.

6. EXPERIMENTATION RESULTS

Actions Number of Detected Recognition
Frames actions rate
Standing 2886 2869 9941 %
Sitting 1220 1089 89.26 %
Bending 2250 2123 94.35 %
Walking 2243 1809 80.65 %
Laying 1334 1334 100 %
N/A * 999 999 100 %
Total 10932 9224 93.95%

*N/A represents action transitions that are not modeled by our action representation (dash-lines in figure 4)

S. CONCLUSION

In this paper, we proposed an approach for identifying the human basic actions required for human activities recognition,
such as laying, standing, bending, sitting and walking. The parametric model of human is presented for defining the action
features. The action representation based on their features is then proposed as the identification process. The evaluation of
our method is done over a large datasets with encourage results; up to 93% of actions are correctly recognized.
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