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Presently, the advances in multin'!_edia information such as image and video rapidly
progress. As a result, there-are an increasing number of multimedia materials including
several types of videg.matesials' such as news videos, commercial videos, and sports
videos. Thus, automatigWideg ind,exing'aﬁd classification are desirable steps for accessing
and storing contents in any large video fibgéry. Most widely televised sports videos include
football, basketball, and tennis, among otheérs. In this thesis, we have investigated and
analyzed the performance of low teve,t \video features, including color histogram,
autocorrelogram, camera mation, and GGI&'{E@QE. A principal component analysis within

multilayer neural network is propesed to improve

!

. the classification accuracy. Experimental
results suggest that autocorrelogram can ﬁe“‘used to efficiently represent sports video
genres. As it offers beller classification performance than olher low level features. Moreover,
a hidden layer neural network with principal comporents can improve classification
performance of neural network. Classification of 7 types of sports videos including
basketball, Thai boxing, football, golf; springboard, tennis and volleyball resulted in 92.5% in
classification aeccuracy. The proposed technigue can also be extended necessary step

toward the sport video indexing and sports video anriotation.
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2.1 MSUENFIUIANAUNILIAT (Temporal Video Segmentation)

AAuNAZNa12 1A IR ATIDINATAREN TN EIUD AT AN AT

Y a o o o = oo YR A R— ) e o ~ o
AEFAANLNNANRINARINHA 1 N HAaEN NP UTAENa RN LN AR NN la N ATeiu [17]

A

AR

o

[} aa o o . = o prp ] py o Ay
FRRIRNAWR  (video. shot) A ANALLBININNNAMNABLLEINUIALNFBY
o K o g

o ) N e la < A | A o ala A4 o !
Uumﬂiﬂ@’]ﬂﬂ@ﬂ\ﬂv\lﬂ\?m'ﬂﬁﬂ’] sﬁﬂﬂ’ﬂqqLﬂuﬂu'JElﬂ’ﬂﬂV]@]ﬁ?]'ﬂ\isll@NN’JﬂV]ﬂu GLHV]H'Q?JL?HT‘VJ']

a

dam

a

o A o o X <
wendnAty (key frame) Aa NN IEunLenIlpasaNeasdan T1UN1990

o

wandrAgyiuenaazunudensoanwinen  vsa  waranmildauatiuilannaasiens

o U =l
ANT LTINS LA

e o o

INTANAN  (video scene) A NENIBITAANAATUNANNANAUSIY
P P pry Y P | . [y | | I3
MeUnAIUAziFesse Weldussanamnnianl vise uenianzes deunnsneszidnedaen

o o

Na P ' ] ) A oA | Ay >
URINIA ﬂu@@?‘ﬂﬁlmﬂ?:ﬁﬁqq\iﬁ]‘ﬂquﬁlﬂ‘ju?ﬂﬂm‘ﬂ‘wq\‘iﬂqﬁlﬂqwu?‘ﬂﬂﬂ@?@ﬂm@miﬂ@qﬂ"ﬂum@u
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NMTNARIATIALIFENINTREMAEANIaNNENIN  (physical boundary) lutnuzfsessafifianain

o ¢ o

Na 1 1% dl aa c
anaAT AL AaNI9AUETRINI TR ATIAL

aa o

' a ¢ . & ! & Ao )y = o A o~
ﬂ@qﬂ\l ANAYU (video group) Lﬂuﬂ@mm@ﬂm@mmmﬂqqﬂﬁ@’]ﬂﬂ@Qﬂu "7 U

o

=l o dl ¥ dll | 1 [ o aa s
mmmmuﬂum@lﬂjLm@umizmm@mﬂummmmu

o o o 1 dl a o % j = [~ % v
ATRNAAITHFNC wiﬁummwmqmuummmLmﬂumuimqmwvl,m 5

1
A [ o o o a

FLAL AB SEALRATIAY T2AURNN IXAUNEN szAUFan uay sxAUMINANATY Asgii 2.1

o a

2.1.1 dszianaasnsidasundasann

o 1% dld

all 2 aa o rdJ | v
@Wﬂﬁ;‘i_h/] 2 1 danaranduasiiduaisuninnialiugalsznaunis

u

naredaninnnmAeiuazn iinAseeAeseudNedan (shot boundary) lAEiAAINNIINAR

'
¥ aAa o =R

%@H@Q@WﬂuﬁﬂLﬂuiﬂﬂ[FI'@‘VI’Nﬂ’]ﬂﬂﬁwiﬂﬂﬁ@'i@ﬂﬁ]‘@ﬂl’mﬂ’m (scene boundary) lun13an
132INNIREFABNINIBANAINIDA A Lo LW 2 il [18] AR Nl Asuula9annuwuusiui

(abrupt transition) waz AnswlagundasarnuuuAssiuaaslyl (gradual transition)

Video |

Shot Boundary detection

Scene

]
' Scene construction
1

e N NN 944

Group Fi:l

Grouping !

z
Shot —’|; ,‘

Key frame

o

7N 2.1 Taseairesvannaneml

1 (%

nslasundasainuuunuin  Wusesseinatulnsingasdanunnng

o

Anrunnidenieasslaiiimouinaadesdaiu degun 2.2
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K - i L - e

21191 2.2 seuAauasEanLULNTTIUAE UL a9TUN

a

al 1 [ [ | ] d‘ a zal a
nmslasundasarneuurasilusaall  usesdeniiaainiiumeila
NABUINDENNINDNNADITARNIP AT U NI N ADITARN NIRRT WA LR AN N AN US

fAu euieléan 3 gUuuume

- nuwnaLtn wsa tWeaan (Fade-in/Fade-out) wusessarasfaniinng

4 C : 47 . =] v oo o e
wWasuAANdesadaseusasinsnivaasee faselans iuaagLf 2.3

77 2.3 mawlasuulaseanuuswpean

o

4 : . A s oo g
- uwuuWedau (Dissolve) iuseameninaanaasiennaniuinandesn

1
al

4 o e o y o
niliunniasuidasannuuumeesnsnznandeniinisiddsuutlasenuuuinanAegin

2.3

917 2.4 nawAs laseanuutivipdau

--mstha (Wipe) luseddaresdonineiasifivaatinsiaasiamnnlu

stuuylagUunumilessgili 2.5

i~ 1. oag D AN
a a
317 2.5 nMaiasuuilasanuuuilig
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2.1.2 IMALANISHANAIUI AN AUNILIAN

a o

] aa o s [ ] a rd‘ v
ANTLENAIUART A8 LTuNITuaNdouaasAAvFNdsznausag
nanedannuiuifafuNaIALLssatfassudedanne ludf el SaiwmatAnisuen

o o X
@QUVH\‘] ﬁummmmmiﬂu

2.1.2.1 m@ﬁ@mm’qq@mmw [18] (Pixel Difference Technique)

wadlpillunismAinasnessdnae i AAAUAINAANIN LagiAN
a9z ud 9 sN lH A NNAIINANNUAN 1N LBIAIAMITHLAS YT ANT8R TuaanIn
FenINAeININTUNARANIIM AA 19Tz d 1 asNmARA AN TTINTIL AruuL A9

annuLLRLN e iaeng i lin Baiasitlusansanini sl aswlas

2.1.2.2 wmARiAuasNEaalauNaa (Histogram Difference Technique)

y i ok DAY W . 4 4 v .
\Hiasanmeiagpnaniiadnisiaaaniaesingrianisaaauiireandedsii
W HA1RIAIANNLANFANENINAY A991 19N UeNFUIRTATRAINRANAA A9RNT

Paue N394 TR AN TN 19UIAN I ULBITE AL AN NIRRT AN DLW e

=X A

A A o a &4 A Y 4 A o
NANAZAANANTENUNLNARINANITLADRUNTANNARILATNITLARNDUNURIVIANANNNNTLAUD

q
1

aal o a prr—— ! Aa o P a Ha
Qﬁﬂﬁﬁmﬂ‘ﬁ LN ﬁuﬁﬂ@ﬁﬂq?Lﬂ?HULmﬂﬂﬁﬂtm LNTNIZNINARINTUN AN IﬁﬂV]LLNQV’]@uLﬂﬁ
b ~ b

X o o = o & ' Aa A Ao & v e e 2
Qqﬂwu‘w@\?u@zq{ﬂqLmﬂ'Uﬂusﬁ\‘]ﬂ%IuLW?NVlmﬂﬂu@zﬂﬂq?Lﬁ@@uV]LWHQL@ﬂu@ﬂLV]quu ANUU

= ) ——— P ) % o 9 ) ~ s
E@ImLLﬂTNﬁ‘z‘MQq\?@@\TL‘V\I?N'ﬂmmﬂquﬂﬁ‘ﬂ?’]\‘]ﬂ@’]ﬂﬂu LN IMQWNQWWQLWEQL@ﬂuﬂﬂ

a4

o

uaNANUAMUANLTFNAA @ﬂ@ﬂwuummﬂmwmmimLma?my"l,uLﬂ@ﬁluuﬂ@\‘ummmi

UHUTBIN WA AT T8 LN mewmmﬁ?mu Famedaniamuasiielag 8 alauwnss Idun

o NfFeLiauda lnLnINgaN (Global Histogram Comparison)

AN NdeNg msluﬂ'mﬂ?ﬂumﬂuimﬂmam‘lﬁmLmammmmaw (2.1)

D(i,i+1)= Z|H ~H.,(j) (2.1)

a

Tned H,(j) udrdalaunsudmduseiumn jlusud i 39 jAssr@wmnluamed n
Wuanurnaessedu@mitaainlludaiilu 256 sy (0-255) WallFullgslipnuasiieiien

X A~ P o A o o &Y ya o o o A a
@;QmuLN@Nﬂq?Lﬂ@ﬂuLLﬂ@Q@']ﬂLLLl‘Ll‘V]u‘V] ﬂﬁuu@ﬂiﬁﬂﬂf]iuqL@u'ﬂiﬂﬂﬂqﬁ\ﬂﬂﬂq@\iﬁﬂﬂLW@LWN

ANNARNNTWENNIN 2 —test (Chi Square Test) [2] AYANNTIN (2.2)
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j=0 Hi+1(j) (2.2)

Toed H,(j) Wuddalaunsuaessiad j oo wlsud i Tnanisiaddanuouiu n+1 sWad
a a dl dl ' ' ! IS ] d”
watiagalauwnsuuuudu weldlunsmainasinessudnsasansuiifia i

o Falmunsudumasiandis (Histogram Intersection) [19]

> min(H, () (k)
> max (H, () H,.(k)

D(i,i+1)=1- ( H,,)=1 (2.3)

'
o

y T HTARN o e e e v
LA NN AARWNTA AL 2N AN LA ULAZUINIBUAa ST NTURUKa N Laa sty 1
Twnusiiianansiuaonanlaaziili 0

® AFNITRNEIALILE29119IN (Weighted bin difference) [19]

Dlii +1) =Y SW(K):(H,(j)-H,.(k)) 2.4

j=1 keN(k)

o

Toed N(k) luidnlngiaes (Neighborhood) 199 997ad j way W (k) iusnuming

gaaldiuumazsnalndinas
2.1.2.3 WARANAANULLLADN (Block difference techniques) [20]

A nmAtia luide 2.1.2.1 Baz 9ada 2.1.2.2 [ HUmMARANIATNA A1 URI
nwduFumadiamiAtuasrsuuuufeniidunafiniaanuaduiiiasuianndny oy
FUNIU LAY HALHENNIAIANITRILE979 (Flash) IaanasnszaenInaanidudaueasizendn

[~3 14! dl - T 3| @ ‘ﬂl [~ 1 [~3 al o 1 a o
udenTanIWlieng i azgnutivaenidu rudenlaanudenusudaniniwiiaimaeniy

| o . . . e Y =
s unsnd-i wag i+ 1 uazArnasaaualdaanannisi (2.5)

D(i,i+1)=zr:Ck><DB(i,i+1,k) (2.5)

k=1

Wa C, wfluAndaeunuidn uaz DB(i,i +1 k) iluAinasineneinisdugszndnausani

o . A . .
APNAUTZUINUNINN i ey i+1
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e AuafguULLRaninamAllAgANIN

Kasturi WAy Jain launiauanaildauiiiean Likelihood ratio  Iasrld

AuaNiinwatfAvesrduuasluusdudaninssiudsaunisy (2.6)

2 2 2

Mig + Higy + Oik ~Oiak
2 2 (2.6)

2 2
Oik X0k

Likelihood ratio =

2
i

Toed u, wor of, ureaeuazAiANllsLsuLeIusazufanANAIAL e AN LE

P P P A = — Yo @ 0 P -
RINANNIIN (2.6) TANINNdNIaEN Il asuAI TS LL@QU@@ﬂ@zQﬂﬂ’WMu@iMNﬂ’WLﬂuﬁu\i

dl ! < i ] g’/ = | o 'Y U dl R ! 1'% o 2
TIVNNYAMNINLREN D AN ANNLANFATY wANAR IATeENd LAz uA 1

a

fAnfugudtanunaniindiuian o anudsiuliuansieiurTamioutu anannisi

[V

(2.5) tnnuuald C, daduuilsudanadaufunisdusaiuiuufeniidasuuilassendng
=

WINTL T WA AR N9FE NI LN

®  ANARNUBLLLABNIAEINATATA LALN TN

Swanberg uaz A YrdaRannisutsudanun Miugalaunsuseaunnai

(2.7) way Nvuald C, =1/r dusunnuaen

ek S SHHG D)= HGL i)
DB(, 1’k) cE{é,B}Fo Hc(i,j)"‘Hc(i’j) (2.7)

2.1.3 nsiaanlnsuilaguNansaauIsaaAarasian (Shot boundary detection)

A v ) ' y A A dl

LNﬂimﬁqN@mqﬂﬁ'gﬂ']qﬂLW?NLL@QLW@VWgm?']qvmﬂ']?l,ﬂ@ﬁluuﬂ@ﬂ‘ﬂ‘ﬂ\?'ﬂ’]ﬂiu
o aNa o @ v o N a = A ] ) P |
ﬂﬂﬂﬂ]@qmﬂﬂuqqqqLﬂumﬂ\?ﬂqﬁuﬁ"ﬂmL?NLﬂ@ﬂuimﬂLNﬂﬂqmﬂmqﬂizﬁqq\?LW?NNﬂ']ll’]ﬂﬂq’ﬂlm

v A ' '

4 ¥ . o X 4 o
Euagukdanednssndnansuiunansdasunlasanty taeluniilunisasaani

Anfunisl asunlasanuuusiun dAnfunasiaania B laguidluldld 2 wuanieda

A A a = A A a = o oy
L@@ﬂmﬂLﬁ\NLﬂ@ﬂuwﬂUTﬁﬂﬁ‘rJN (1824 L@@ﬂmmL?NLU@EHLLUUU?UWQVLW

2.1.3.1 InFulazunyuulaesin (Global Threshold) [21]

o

funnsdpAinisnszanensat Auernassesgan e lunssR Al

LAY A1a8sAINIINITANafanINatAaasAnan1slie g lugtuuudesduinifideu Ge
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W1sHmes g Ao ANRRETeINARY waz WsTwef o WuAuTeRUUNIATIN 209

nasnelneNlnBullasuun ldannaunisn (2.8)

T=u+ro (2.8)

di | a al dl [~1 a o‘d‘o 49( dl o/ o 'S

We T Wluleduasy way rodlunwislmesininustuiauannanuduiusaaslania

ANHNUNIUFBNITAIIRUNTDEAAURITARNNANANA Faaeinald e r windu 3 Tan1and
a I | A4 A o = a P

ANTATIAMIRANAALTN 0.1%  LilUAY daideae4n191aanTAENLAuLLILTIN Aa 1He

e e FudasuldiAdesiuldazyinlilan1afinsaanilianana (false detection) &

X Sy o a A oA A o o A a
mmmIumm:wmmm?mﬂ@ﬁumm@qmﬂﬂLwam%mﬂL@mma‘mm@mwmmwmmm@%

M mgaauliny (miss detection) 16Av317 2.6

2500 T ST T T T T

Hard cut

"
(=3
@
=]
F
L

Hard cut

1600 adaptive threshold g
Tik)

Hard cut
lobal threshold T m 1 arb “

-

400 420 440 450 480 500 520
Frame index k&

307 2.6 MsvTndunlaslauunsan (T) waz wuidsusalé (T (k) (5]

1000

Disconfinuity value z(kk+1)

2.1.3.2 InFulaguuuulsusiale (Adaptive threshold) [5]

dunnstfudpaaGuidasulinau 39angla 2.6 wandliviudiniaiaen

' '
a a

AnFulasunuulsus g lFlsnanndannaenlnEulasulag s 95n09nlin N Asu

dwnldanAnasitsiegindAeelugdunuaasminsaaeu (sliding window) uanesiagii

' c A A
2.7 ﬂ’]?ﬁ]?qqﬁflﬁ'@ﬂm’ﬂﬁl'ﬂ\?m@mﬂL\T@HVL?W]’J’]

T(k)= u kK)+r- o k
( ) k—%<k<k+%( ) K*%<k<k+%( ) (2.9)

anannien (2.9) Iaad T(k) Wuiaguulasulaluudazivsnd k lundissauin N

W Baz 1w NimefinaqiuaNnii (2.8)
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Sliding window Sliding

Direction
—>

z(k—ﬁ,ku—ﬁj 2(k,k +1) z(k +ﬁ,k+1+ﬁj
2 2 2 2

917 2.7 Bnamiadalaaulalaglduinsnaaeu (5]

2.2 ﬂﬁiﬁﬂtﬂiuﬁ’]ﬁm (Key Frame Extraction)

Wenazaiwgdeyadnunig drdamlsnluudazderiavimininednsn

o =

TaquAaziNINaany HATLEAaY mme‘V\I?ummmiumummﬁﬁwmumnL'ﬁu"Lﬂ 194

al

v
s s [ % o A aa o s

Lu‘ﬂ\'i"ﬂ”lﬂL‘V\I?Nﬁ afulutNedendAiAiazd ﬂ‘]:rmqmmmmu FOTIUIELUNIAUALARTI AL

v
L% o %

A nflufaaldunaunNEanNIINIsAntiadasi AL (video abstraction) TWUNYLNAINENIN

o

unagLARviAT (video summarization)

ar va o oA

| Aa - 2 ° ° pripy o o
NNTAAEIBARTIFL [22] A® m?ﬁnﬂwmmﬂu AU NTHN LD L AU TBNTZTU

k4

dl 2 ¥ aa o o o o aAa o o o 1 ]
LW@GL‘I)ILLVM%@N“@'M A Tmﬂmml‘ﬂumaﬂ?zqﬂmm'ﬂﬂmmm ARRAINANE AIDEINLTU

o & ) A 9 o= Na o ealy
m?meLLUU@N (random access) L‘W‘ﬂml']ﬂ\?"ﬂm"ﬂﬂ\jq ﬂummfﬂ\‘mﬂﬁ“ﬂﬁlwﬁ‘@mm 183+ SL:ﬂu

= o o2 Aa o 6 1 P I
ﬂ']i‘@ﬁ"]\‘iivllllﬁuﬂuq AU BINITARLIAAR Wﬂu’&’]ﬂﬁﬁ‘ﬂLLUﬂiﬂLﬂuZ g‘ﬂLL‘LI‘LIﬁ‘ﬂ

AFURaaENg (preview sequence) [22] adntlunisueanundavielgn

ee

(Key Video Segmentation) A8 n3aARNRLAMARTALIR U F LT I TugFunnd

Aa o 6

¥ =< o o o @ AP o
AUAITIANAUNINNAUAIUNDINTUAIUIRIIA T AN A NE A N’]ﬂm@m

1%

WINgA LY (key frame) twanaaamsn 1l fvAiARanu i s wnL

o

o o

Na a‘d‘d o
AAIIANAUNNAITNEN El_lll’m‘i/l@@l

o

o [

Tuszuun 12AUANARTAT nraansudAylacrnaniduatiaunn

1 | -
o o

dll o o | o < aAa o
WasannisudnAndusunuaesianaanainun ld I lunannseiansiemd dunsundfny

o

©

o ' o o o A < o
danunlinsaiuansedndyigaludendaramd azvin i ldanuldaunsnAuruinieils
% XA g ] A Aa o -
AINAINABINIT LA u@ﬂ@qﬂuLW’ai‘M\T‘]ﬂﬁl'ﬂﬂqi@?q\iﬁ‘gUUﬂq?ﬂuﬂuqmmﬁu@\?ylmﬂﬁ‘zﬁqlﬂm
WMATANIIU NIRRT AN UL IANI LI ALANNTBIWAAZATNAINITULNIFAUABAIN (Image

Retrieval) tWatistsuanisudndty deshunsndrdnydadniunnlugiudeyadadinn
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o

2 =® o o @A 1 < aa o 3//
ADUDTNAREARITULININEN 1@ AN291 FaRANAUNNIWINEN uut.ﬂumm“l,mmﬂ

K/2UNN “ﬁ\‘imﬁuﬂﬂﬁ‘vﬂﬂ‘]_lﬁ']ﬂﬂu 4 mmuﬂmnmmiﬂu

221 WUIAMNARLLULSREARURITAR (Shot Boundary based approach) [17]

[ % aa o

NAINIA ﬂummumaummmﬂmﬂ AANNananLaazlsviaetes i

o cad o

Fandnfamannal Aan19ad19ralunsaansudAyeanuinatunsuunaesusasdan

o/ Ly | ° o/ o o 6

aa = ¥ aal g8 Lo a \ , G aa o
RN AN NA AT DaKEA138n19 T UAEN 19N ws N sNAN At TuA A Tand A AL

o o

o o A a = ' & G Ao ea o o [y
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224 u.uqmwﬁmmumsﬁ'mn@:u (Clustering based approach) [24]
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wnu h gnanseAureddivge 16 szau lwituesnaaluunu s gnanseiuaedaiiae 8

o N A v N A o T D P |
AN Tmm:mﬂmﬁmmmn@m:mmimﬂmu o ATUUIWRNAILANAITNUAUILUULRN

o '

n3dangu d1A1 & HANInazin e uaunguaeenisdnnguinin dedungladndndnagn

= o ' Aa o A Y 1w P o
AN AUNUIZNINADWNITNNFANUAIHANNIN (2.12) UarUAIUALNINAN o W TN

o

el lipdnapasiussanaaziilumandn Aty

7



19

wasandannguliusazilsnudaduselilhanisaanuinsuddny Tnav

'
oA o o

=~ P ~ A o ' . = '
ﬂ@lmmll‘ﬂu’]mlufym@aﬂLWﬂQWﬂW@gLHUﬂ@N@Wﬂm (key cluster) HINNINATTRIALRNENYN
\al

N/M azfimsudndnyineamsunenildannguinlugnge thdauiatesndndedangs

o

a

wandrdgyun danmsundanlndipesiuAgudtosesusdazngs

2.3 QINIANAUNHA

L o 6

o R _da o oal , ay v ' o o eaa
nstiunaan Al ssinnene Aldannnisunsdeyayoulnadied Aaved
Al lddnarnuansgluuyanidulszinnadalusavsaifuntudsils aauawiinfin
dszinnyanainen via dszianiin udu laanauuia) aziaunainianaaes

ol ] o ° 9N o = Y Y A ¥
wisgn1sainuanseiull A brliasnsonmuenanlalidussanavraunnisaunun s

Y vy '
o K =< A o o

elauegAuiladuntenansie andoe 1y malian1stuinusesnfdes1ALaANAY

a

D

wANFANATRlLLAAZ AR IN A LAY TaANAITENIN9RD I RUNIF U N U TN ST ALIAQE WADA

v o

Wadnvilnesialiaziannunnasaiwilauiusssialiil [2]

o anlsaaausaaIndaNn1=nl (studio/interview) Ll ua1AUTan? A

o o &K

o a = - o 4 A oA a s o
NAUN LL’&mﬂ’]?fJWWﬂi:rfJ‘-n’]?mwmuﬂmfmmQL‘HEQ‘HWGAI‘L&ﬂWWﬂ?ZLﬂVqu @'Juiﬁﬁymﬂﬂu'ﬂﬂ

o

aa s 1
2anANaNN"e s

o

e andngns Wiln (graphic  object) fluandAuFesaATAITILARIDY
o o - A = 1o Rl o &
RN 1IUTaILUNININELNLANI8AZIREATDINITUINTY 11 TRTINNI AITNAZUUU W7D
Fryansninnsuaadis ilus

Aa o o

" @ . ° o & ~ | o o= =

®  ANUANTY (playing) LTUAALTFRAIANAUNLAAINIFULTUNRN T

' [ a (3 [ ¥ < [
LL[?]ﬂ[f’ﬂ\iﬂuvl,ﬂﬁﬁﬂﬂ?:im%ﬂ@\‘qu L?W@Wlﬂﬁ‘ﬂLL‘].I\‘]‘I]T’][F]I‘LA”?I'WILL‘N%H»L@Lﬂu BRAARAUINLLUIYL

(Playing field shot) BauapanenIshaadureain AN L BaR NN Tt Inegunnwdaduay

PR R i

WinauauidddwiainuaudadadaaduuiisBlanauinuiadu daninna Wy Genig
! % ¥ v o o a 2 [ % a o 3| a dﬁl a
dresasnniulidesininiinidueinudn uas anudsmesmnardansousflug tedian
A 1 dl dl 1% A < ¥ | < all
Wians1 (blur) lasannisiadausesndesvianansenuaaciaud uas fandan udend

WA HTNN N UTed



20

aa v Jal aa v J

24 Iﬂiﬂﬂ;ﬁﬂ‘ﬂ’ﬂﬂ‘isuun’]‘a“ﬁ’]LLuﬂ')ﬂ‘ﬂﬁunW’]ﬁQﬂﬁﬂHWSLQW’]S’Jﬂﬂﬁu

o ¥ o Aa o

L3ULNTELLNNTAN LLuﬂaa‘V] ﬂlﬁWW AAEANTUSLANTISIA ﬁﬁ@@mﬂumuﬁ

241 ms%‘a‘nmn%mﬁmﬁu

o , X o~ o @ A Aa o &
19w lugauiinadideaanuaniluitiasananaiuelseinnd senayly

=

fozainTssans wia andunisnl Seduansueianicaasddunisnl faat1euilenesia

= o

o & dﬁl ¥ ' a L 1o A a A d‘ 1 ZJ/ < aal dl a
NAdlszinnu 1@LLﬂ nnAdzasnisusiuninTedutndstes AfvaznudannNansTaunaann

o

nsinsedentamianaaniineil foiuanszassaesdanilaedesnisuandesia
Fesfiduannuteduaandeailaldannud ey faaaunsatiuuaaanAnidaadann
3Lmﬁ:ﬁﬁwwmmimuﬁuﬁmﬁ@uﬁuu@:ﬁnwm:Lawqmmmimfﬁl@uﬁmm%@m}’
sz Toelianifludesaitunusnaesaesdenmant Inevinliannlssaneazgnivun
Fapdnuaundesild wuneswesndesidetednia uay dfuraailemnmadnaziin

4% o
wuugUngng fu
2.4.2 NMFIUUNANHULLANIZIANTINAN

v ]

TaniAdRidngnandinimaauliyndouneluen dowlunjudadng

q

1% ' ! '
=2 =< 1l o 1

navindsngaunwrsniduniisluainnsaniialudeginunusdauansaasnin

£l

o ! ¥ a ar a =l = ¥
fn3ndouninNndivuazAIINeITaT I RgneIinan sl anuulacldiane

o

foetieiu dpgnadnyldlunisuansievesugeduanainn s luiusuaziuouey

(% '
o o A =

Al deaaisndngnemiinazdsngauuazmeluuvresiiudesll duheaiaasinisn
o ahy o o , X o = Aa o ea 4 =

wuzalneenils Aviudoutidunasasaanidagnanddnainafvialnininas
AnmaizianIzIngnIMAneany Feetansazienzdngnaain 1y deaaudnss

v [ a d’l Y o dy a dl k7% o 3| o
i Tunngmgaanid mqmﬂWWﬂmﬂmm&m:mwwzmw@u LL@zwummNmuﬂuLﬂmmq

£
=

nadin Teandaneneenisiuaniiilunnsunuauanifaasn nlatsINLasFaInIs

a 'S alld 1
QLﬂ?WX‘VIﬂWWWN‘IIuWQIMﬂ_IW

243 mi'ﬁ'lu,unﬁnumzmmzmmmsumLﬁu

anAnanqluiada 2.3 1nN17uA99 1314 817D LN NN T g Te LT

< 1 e < o A < ¥ [ % :l/ :l/ a’l‘ | ! 02 1
Fanauniaeiu Gantinnin wa dendan seiuluduneutiiflunisusndoulimndunionms



21
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2.5.3

2.5.1 anwued (Color Feature)
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2.5.1.1 alaunsudsan (Global Color Histogram) [26]
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AmFuszazrineszndnaganin 2 aannle o (k) Aualdain Loo-norm
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k e[d] feaunnsii (2.18)

[T (2) (k)
7/c1,c1 7c1,c1 7/01,@
@) (2) (k)
(k) N= 7/02,02 7/‘32@2 7/02"32 (2.18)
j/cicj ( >_ .
@) (2) (k)
_7Cm'°m 7/Cm’cm 7cm,cm_

» = o= A o - o= a A o

10AUDIDATAADTTLAWN TN NN UNLUABTILALNINIBA AD NIUIATD
NRAFNLANNTN larANNdUFawlunfsAIutasnIInn I a1n1sn A lAatNITm159
dJ o/ £ o o= ) =
FIANNTUTAUIUNI1TAUI LB LAAD ST LALNTNYBININAZ LU IAINANWIRAN 8 1NN e e
LIATEITEE U TENI WA 2 gananle 7 (k) Telwaudde [27] 1dn k= {1,35,7,9}

v a

= o= A o = S a [y
mﬂﬂﬂﬂﬁ‘gﬂq?uu\‘lmﬂ\‘]ﬂﬂtmﬁ@ﬁ"ﬂ:@LLﬂﬁ‘ﬁJLN@LWEHﬂUﬂ@IWLLﬂ?NﬂJ@Q@ W@']'imﬂmfﬂ'mﬂ’]‘w

Anatne 2 nnluglil 212 Tevvaesn nidalaunsuaesdnuieuiu na1aAe a1uou

Aaa a8 a 4 Y Ao A e e o adx \
ANTNNHALLAILLALAUNNULAINIADIN TN L LRHNAINUIUNENINL mﬁuuiuﬂ?mu@qvlﬂﬁqmqiﬂ

)

' ! dal ¥ al
LEINLLEAZAIMNLANAINTEUINNATIN 2 mwuvl,é’ﬁmmﬂmmimLmimmm
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() (1)
Py o | Aaa A o
Eﬂ'ﬂ 212 ﬂqWWQﬂHqQV}Nﬂ@IWLLﬂ?Nm@Q@LV@J@Uﬂu

(n) ﬂ’]‘wﬁl 1 (image 1) (q) ﬂflwﬁl 2 (image 2)

1

—{+ image1, background
08 -~ image2, background
iy -+ imagel, foreground
E % -—+- image2, foreground
5 0.6f 5
=] i
w
2 i N
it
S 046" S
® ; | D‘é
D21 5 ‘wq-@\
7 | g
0 “: r'_E"‘:rth_ * m mx“m m m
2 4 6 8 10

=

77 2.13 aalanasalaunsnuasninaoagng gl 2.12

A =

a1ngU 2.13 azdunaindideelnaasilaunsuaesusiaz@nzes kA0

FIN97] TRTIABININHANAILANANTN - ASIUAIN IHATNNI DN LA HWANG T EUTN

> 2y A o= a o o XA A : =
ﬂqWV]\TZQ’ﬂ\?ﬂ’]WHVLW Luﬂ\iqqﬂﬂﬂtmﬂﬂﬁﬁ‘(ﬁ@LLﬂ?N ANNITNDE UL ANANNUTLTINUNTZUINNAR

a

A A o Y o g u o= P . a
V]Lﬁﬂ’ﬂuﬂuﬂqﬂsluﬂqulﬁ ‘V]'ﬂﬂ/ﬁ@ﬂi[ﬂ ﬂ'ﬂﬁ‘ﬁ‘I@ LNTNNAINNUNAUADNTU AU A8 IN TN

| aad . Y e A Y A 9 = ' A o o |
N’]ﬂﬂ'g’]')ﬁ@uj muu‘«m@’mﬂ?mmwmﬁuLL@:ﬂuﬂuﬂﬂH@ﬂﬂw sﬁﬁ'ﬂ%lu@ﬂ']umLﬂﬂQﬂuLLm

ANy 99x TN IWNRNN9gNAINNARY, NINTHE, Annudasadsinislasuulaqls

' a a a
AUNNUTLANTNIN
2.5.2 ANHUSNNSLARAUNTDINADY

AN NIRA UL FU N AnusUacuailan lun19aan
4 2N INAA d b J.¥4.Ld K] J 2
fenatunuanfivesiiont wie GosmintuludaiAtidy MamAu N353 nsnselng
9 Y de o . d4 da
vise n9diu usu ndnnisiugundrAn lumdnsnizninndeuiine n1stszininig

= A . . . | ' o P A aalt o '

WARWT (Motion Estimation) unnsdszanuAinnmesniniafeui luuwg 2 ARTasendn
wnmasn1slual@anas (Optical  Flow) uAfuenieadsisqalunismaeunndannls

wnwefnisinadsuasidliiienuanansurnisadeuivasdnguinduisdeleuaniianig



27

o A % Y I~ N A4 A, E%
Lﬂ@ﬂuﬂﬂ@ﬂﬂ@@ﬂiﬁ@ﬂQQﬂIﬂﬂ%Lﬂﬂuﬁﬂq?ﬂ?%Nquﬂﬁﬂﬂ@ﬂuW@QuiﬁQﬂﬁﬂﬁﬂﬂqi

wlasulaglin1enanuesANANE 894979 1138 ANRF9ANNIN (2.19)

plx+d,, y+d, t+d)=p(xyt) (2.19)

'
=l

o : o 4 da
Wa w(x,y,t) WuAianudesadng Iaeiinawniaann (x, y) Avan t adnseaeunll o

= = ) . N ooy oaa
aan (x+d,,y+d,) iandl y+d, Inefidiasudesadneassganingaiaaiulalll

nnsulasuulasdn Wa'ld Taylor's expansion e d, d, uwaz d, Huwsdnudaazléan

oy oy oy
1//(x+dx,y+dy,t+dt)=1//(x,y,t)+§dX +Edy +Edt (2.20)
mnmumiﬁ' (2.19) Llax (2.20) avlgian
Wy Jra—'/'dy Vg g (2.21)
OX oy ot

aunne?l (2.22) \Tauegmenaadianiaesniamaeui (Motion Vector) (d,,d, ) dhusvisdng

aassae d, udaazlann

a—l//v +—8£v +§—W~=0 or Vy' +8—V/:O (2.22)

ox X oy Y at ot
Taedi (v,,v, ) wnusasaninesaaianda (Velocity vector) viie nimasnis

=
a a Qi a 1 a
lua (Flow  vector) uaz Vi ' = {—W—V/} ANN137N (2.22) 32097 ANNT IMALTILAS

OX oy

(optical flow equation) aINANNN9N (2.23) WLANHABINTIRLHBFA LN TILAN (vx,vy) Wi
a A 1 Z// =® ° £ £% a 2 1 4‘ a r?/
Aiea 1 annrawinduasanduseslfinaiinnisdsyinunisdndasiamni sl ne 9

Sy
ABANARINIT

watlalunnsAeanEuzneandow i d s BusugaavnAnnainig

| [
A R

wABUTE Ha1nnisUszanunisndeunldinatiasiie Aldaualiluunacn (28] Wald
- BV S o . =< o a =
wnnefnsiAfeufiudtareslszuudnsuznaaaignde lldsauunimaiinnsi

AUANHUENI9ALTY 3 wuuAssialililee
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(7
=~ s

o LLuQﬁﬂwug’manHmz (Feature Based Approach)

'
a

a U o a ' dl dl v ¥
WMARATEFNAENITANUIUNIIE LB aT NP AU LAY sz unN T tne 1

be

WULIRANABINI9LAAALA L1 translation model, affine Model %34 bilinear Model LiNa1/an

1% 4' d‘ | ¥y o a rdl Y o ' 3 | o A
NEUSNITARAUNLTULNAIN [29] WAy [30] LL@fgmwmumemimmmmqmmmumu

o

ANAL

o))}

® uudANNAANUFIULLATUNNITIARAUT (Trajectory Based

Approach)

v v & o o A o Aa o [ %

aa o Aa - a - Ao
m@ﬂ@qmmﬁuqzﬂﬁzﬂﬂum']ﬂ mq%mﬂﬂumﬂ’]u a mqquﬁuM@qﬂ WQV]N

o o o

4 Y e e o ¥ 4 A sa o2 =<
ﬂ’mm@@um’mimmﬂmmmﬁu ANUULLUINITLARAUNUBNIFE) VA AvRaunilananunn

ianlidusailunisdumnls duunagIn [31] G9a189083UANHIEANNLLINTARD U

1agiln 2.14

(n) (1)

Result: 1828821

- > g .
917 2.14 ANHOILNIARUNUDITFQULILIEIN
(N) WWINTIAARA (Motion tractory) (2) NITENUKUINITIAABUA B-Spline

(A1) stluturedsiagnld waz (A2) sdgnldNunuLLINRNTAAELT

' a

a a4 P P = \ o
AINUBIAINAANIINHN AT HAR LU U8IN 1T ARAUT LANENITY

finatinal WAL AN ALAA ANHULIANIZANTAABUNIANARS UM AT AT IR
a al' 1 o a o [~3 o o :J/ o 4‘ 1 1 d‘
Hnstlasuulasesnaiunuadesnidadmiuiinisynuaznistlasiudstisuandnmonud

Tunisgnadunn wiluiiimpuea Ansuznisaaeuisesndeslunisaedauazaaay s

1 4

dl dl ! dl 4 o dl dl ¥
ANDLaINTTlAuulasannisdnan liptias [17] ANBUZIANIZLRINNIARAUN LFaN

AN91szanainisanerEnisAaa U lasldNus 1 uuAan (block based motion estimation)

49
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4 \ v = 4 4 4 ,
g un1svuasnereansnlusziuuaaa lun s TaIaN TAARUNLAAE (mean  motion
compensated block frame difference) [32] FagNnITh (2.23)

Motion, = r(TJin > (Fi(x y)-Falx+uy+v)) (2.23)

Y (x,y)eBy

aa o '

4 . g . 4
Wa B, unuuden uianialunin F ununsusiiumded i 20935l

3| k% I's dll d‘&l = o U o
waz (u,v) HluszazAum (search range) 10dmnmasnIsARaUN TN U UN9dsTa Tl
MPEG @anai ldannanniah (2.23) lundazuaanazisznauilugundnismnanuil (Motion

Field)

wasanlamnineinisafeui uusdazuaan (u,v) @9ldanannisi (2.23)
TIAINITOANUIULLIALINLABSNNSAABUT (magnitude of motion vector) luwAazuaan

ANANNIIN (2.24)

Mag, =/Ug +Vq (2.24)

Taedl (u,,v, ) Wwonwasnisidaaunluvdenn  k  wnvualiandydnsninesia

dl dl ¥ a o a |
NNNITARRUNLIENALAILANITNA1WIY 10 dunEn L

S =1{5,,5,.5,,5,,55545:.5¢.5,,5; } (2.25)

Tnendudyansninisunusssalilil s, wnuldnaunisiedaud s, unu
- 4 T A4 de o
lifinaedaeun s, ununisipdaud luiidnzduaan (E) S, ununisndaunluiia
o = o A de a o 4 Ao oa e
nzduaan@aamila (NE) S, wnunistraeunluidwmila (N) s, uwunispaeuiluiidfa
P o 4  He a o A Hdg a o

ANRLaILE (NW) Sy Wnun1aeaaunluiAnzduan (W) S; WNUNI9Aaaun luniAfa6n
Reald (SW)- S, wnunisledaaui luidls (S) waz S, ununisindaui luiidnzdueanides

161 (SE) ﬁqgﬂa‘/‘i 2.15
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N
NW I NE
W 0
SW J SE
S

2119 2.15 NIANMUANAN PR NI NLAATNITLARDUN

a

v
m

Tuusiazuden B, aaasnazivneefnsaaeuiiily p=(u,v) AUAINITIAIUIDIYN
sewdne P v d Fedwdnnwesluwuununanlugii 2.15 lHanaunisi (2.26)

0, = arccos (2.26)

p-d;
Jolli]

Wa o 1w yusrezszngn99endng p iy d 3auenedesrasnIesendnannaesnig

|
o

wReUANLNNaSATYANHOINMNATIALN 2.15 Aaniuannsanmuadtyanwailiiy

WAAZLABN B, lAANNANN1IN (2.27)

S; =argmin(#;), i=12,...8 (2.27)

frauannimesninedeunlusazudandatdes snmusdyansalldiuuiandu s,
wdsaninuaanuy iuudanudasaznmuadnansadluszaumsuldaingalaun

o/ o a‘d‘ o [ < o 1 a o [~ |
surasdnydneainiiualuszauuden  laanivus ilulaavisuiauuudaniiy N
udanuadnsn F uazdalaunsuaasdyaneniunugae h(s;) A9uaIN1I0nINUn
Foyanealldiuwanlfainaunisy (2.28)

h(s;)=arg r_nax(h(Sj ) j=01..8 (2.28)
j

2.5.3 ANHUEUaU

o A o = = Aa ° Py
ANHLZIRLNT NI UAN UL AN U TN NUTRITBIN NN TN UIN T b1
9 v o o v A £ o = ' o
NWNANUNITATINATU LASAITAUAUNTN st@ﬂ?ﬂ’ﬂ«kﬁ‘ﬂﬂ\‘l“ﬂﬂ‘]_lﬂllWﬁﬂﬂgﬂ?"]\i"ﬂ'ﬂ\ﬂWQﬂflﬂiu
¥ X o Ay ) o . =
NN [27] ‘Vl\‘lu@qNq?m)ﬁ@ﬂ‘]ﬂmzﬂ]ﬂ\m@‘uZQvLﬂﬂfmﬂfl?ﬂ?ZN')@ﬂﬂuﬁu’] (preprocessing) 1178

o . ey o o ~ ) o YA ' P
F1ana (filter) I@ﬂﬂqulﬁwllﬁqqﬂm'Jﬂ?ﬂ\‘iﬂuﬂLﬁ‘ﬂﬂqqﬂqwmﬂuqmq UUAD NQANTBNAANTINT
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tnneneser] fuuwduitsanssudeiuiaesdiuresingneesnialunin fasdoasues

unafegliuazdneuy sauivauinaeedaga1elunin seuresingiaandannis
a VoA & \ o . L o v

wWasnudasaanldsaiiiasizaninlianiane (discontinuity) a89szAuANLinAT09

o

NINSTALIA (gray levels) Astulunnsngaaizeuresingasinlilaaandusoaiiiunig
Ay (derivative operator) Iaseyiusaasiaiduiaadnsnislasuuwlasasilaridu
AatiuLsnaeueeingAnusnamidndeunisasunlasaesssdauminan dou
a R o a o & a o v o =2 a
UIUNNIZALANIANLANENAZNN L ALLL a8 ALANNIENAWN LAY TININA
- X o . A N / v o T C v e
AeauaTsinsdoulnnjaziniaaguaasseaumanuidnainiatnsaiiies a9asaiuduiu

o ak o = o o = e oA ° |
ﬂllsl,u‘vnﬂﬂaﬂllﬂﬁléﬁﬂﬂﬂqﬂﬂ@ﬂuuﬂ@\im@\iizﬂuﬂ'l']llL?JN“]J@\?ZQLV]’]@‘?J']\W]NV] U ANLLAUSUB L

2.5.3.1 ﬂ??ﬁl?@@ﬁ?ﬁl@ﬂiﬁ)@ﬂ?ﬂiuﬂﬁw

v 1
o =

ﬂ”lﬁ‘[ﬂ?’]@ﬁ’]“ﬂﬂlﬁ/ﬁlq A NIZUIUNITATIRMIANUAUVTENAITRIAANINT S

q

'
3|

191 (edge pixels) aasimnnalunin Inendauluniisumaeuassingaziduiizinami

d‘ . . = o v aa A
ﬂq’]&lﬂ@\‘] (high frequencies) 1%‘1/1’1\11/](]12?{]Lﬁ‘q@qﬂq?ﬂmﬁ")@ﬂ’ﬂlﬂﬂqmqqﬁ 2918 AR

° miﬂimﬁfmﬁfammﬂhummﬁfga (high pass frequency filter) Tu

TPLNUANND (frequency domain)

e nzpauligdu (convolution)  AawsaeAafiua (kernel) lTulniuuiaa

N (spatial domain)

o a dal all o o o '8 I N~ aca
nsAgnanITaLdng lulamwdinun lnaaidanisitayiusuielsiilu 2 35

dsznaufag ayRusauaALNa (first order derivative) 1N ldlun1sAuanidRsINTg
d‘ [ 1Al d‘ o 1 o dl o 1 =
wWasulaseedsyAupTA iNeasarAtuLiare1edngnetunan Inenmunilsreuasil
8m9 7R B UL AB9TTAUNINNINLFIMENT UaT ey usEuALARY (second  order

derivative) 4 lunasasaanaeusesing lagaaninsesteuayatianulsdalidnsnig
d o ' RANS

\wasuulagaes s LA AT Y (NnndaAne) tuReqar uguirese RS suALAY

KX v o o

HasannnEaneeidlu 2 36 setiulunisnsaariaaudnnassiasaAesio

q

=

o - ) Ao , L, a o -
ATLUUNIINLTENIN “INTLALIUR (gradient operation)” TNUETHNANANNIIN (2.29)
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o (xy)
G X
V(% y)= {GJ =| (‘1 ) (2.29)
oy

Tnafawuald f(xy) duieiduresnin uaz 6, uaz 6, lu inshgufuuIueu uay

WUIAY ANNAAL

neTauneus 6| Auinddainannie (2.30)
6l=[cz+c2 " (2.30)

TnefiAnanisnsaaninreLdng «(x y) AWIMlAAINaNN1N (2.31)

et Sy
a(x y)=tan (G (2.31)

X

o &

d‘ co Aoy o A , ; . o 0 Y
Wasanamidudeddunlasaiiie (discrete  function) PNUULNUNITNIBUNUTAVENT

Auanunase Inadn G, uaz G, Twaunaan (2.29) awasnAwanldann F, uaz F, A

ANNNIN (2.32) Uz (2.33) ANHAIAL
F=f(xy)-f(x-1y) (2.32)
F=f(xy)-f(xy-1) (2.33)
Tnefaun |F| uashAneueanamans o (x,y) a181snamalaanaunisi (2.34) uay
(2.35) ANNAAL

|F|=[FX2+F2T/2 (2.34)

y

X

ag (%, y)=tan™ (%J (2.35)

anfaet1enITAMInA G, uar G, Tuannisfl (2.30) 1849A0N Z; lAa1naunisi
(2.36) WAz (2.37) AMNAIAL [33]  IAEAIMUARNILEIGANIN FIINTNATMTLUUIUNY X UAT

FANINAMTLUUILNY Y FaT)
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Zl ZZ Z3
z, Z Z,
Z7 Z8 29

717 2.16 ANT899ANN

-1 0 0 -1

0 1 il 0

91ln 2.17 ga 317 2.18 6

NIA VT NIWNANTL

WANT X WUALAY Y
Gy =2, ) (2.36)
A (2.37)

o

NATINANUTZANTFHINT NAZAINANIZNUABTLALAIMNABIRTNNAADATIININ

'
o o

= = a £ = | o 5% | o a <
sﬁ\ﬁ@ﬂﬂﬂiﬂ“@?ﬂﬂﬂ@\jﬂqﬂﬂﬂﬁ‘z@V]ﬁ ANINAZNAANNY 1 WEADNATINIDIANANUTZANT
o N o o - P A a X 4

MQW?"I\‘]Nﬁquﬂﬂﬂqu?ﬂL‘VﬂﬂU@uﬂ AMNATHAITHNHNALANNINUU sﬁ\‘]@ﬁﬁWUimuﬂq?m?QQV’]

=3

o ] a a r&’l’ 2 Y o dl ¥ o dld 1
UBLIAE) “NELN'JV]EI’TLL‘WMﬁuLﬂﬂﬂeLﬁWQW?’NLL‘]_I‘LI Sobel Lummﬂimmmmwmwmmm"luag

q

AVTIELAANANTZNLAINATY LY IUILNIUNA

2.5.3.2 FINTNIBLIAGULL Sobel

o % Qdé’ o U 2
mimmwwﬂmmqmmmwmmﬁummmmmmm Gx AT Gy 1®@Wﬂ

AuN79N (2.38) LAz (2.39) ANANAL
G, =M, (2.38)
Gy = I[I\/Iy (2.39)

o

el M, Ae fans g miunismaeudnguuaueaniTanun 0 a9A) Al
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-1 -2 -1 1 2 1
M,=/0 0 Ofvwma |0 0 O
1 2 1 -1 2 1

o

M, A8 faneNdmiinsn1eudnguuIsaiTauw 90 a4 Al

-1 0 1 10 -1
M,=|-2 0 2| wia |2 0 -2
-1 .0 1 10 -1

G,  AanamuFIew W | luiuaueuTauu 0 a9An
G, _AanaAeusIesnIn | luuuasasiaus 90 a9
WNIRILIG) : ATYANEDT L UNUAI-INIIATUIIUAINN LA LIS

2.5.3.3 N19M9AUIIAUA

Tnavinlinnsmssanizeudngainnisungihausiainasdlszneuaauges

4974 (luminance) aa9n Wit lunstinamiaaudngninluesdlsznaunainudasadng

o A

A o ) 2 - N =<
NANTUSENHBAUNU LLm@quﬁ‘ﬂLLﬂﬂLLﬂgiﬁtmﬂﬂq?MqT@UﬂqW@qﬂ'ﬂ\?ﬂﬂ?ﬁﬁﬂ'ﬂﬂﬂ]ﬂ\j@ﬂuj BN

° =l dl | 1 & 2 aal
N1TUNAUBNITATIANNNUDLA GINL‘]J‘Lm’l‘a“lﬂﬁ"l@‘wwﬂ‘l_lslul,l,m@:mﬁﬂ?:ﬂﬂﬂﬂﬂ\iﬂj‘gu'&

iwReaiunisnseamiaeuiseiall watlanisvizeuduesinngiduneudagiii 2.19 [34]

C O
dnyd Ve 3
V)(V)

D

TG
T C

Bl

I

A

G

9117 2.19 WU RA1ENIUN9FIIAN LA

a
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DNt B RaNvaauu W RGB HSV uaz YUV ilusiu usifSnRan
wonldludmiunianmanzeudaesinglidnenfinusilae YUV iesanis)ia YUV uen
s = s ! ! = al !
a9A1lsznauTad (U way V) sananesdlsenauanudesadng Tenismnsaaniaeud s luws

avaaAlsrnaLUadd leananniaf (2.40) waL (2.41) AMNANGL
G, =I'"M, ief{Y,UV} (2.40)

G, =I'M, ie{Y,uV} (2.41)

y

2.5.3.4 F)’J’?ll‘i/?.?J’?El"Zl@\?‘!l@LlLL@;‘/’ﬂ’)ﬁ‘ﬂ%’?\?fﬂﬁ‘\?ﬂﬁ,‘/’)\ﬂlﬂﬂuﬂﬂgﬂ

\WHesananEuzanIz1ua 11308 M unugiedng la inliaunsn

PNUAFNANHULITIAINNNAE L It AN T UARAI I NANIe T AU AN LSRN ZUD L N1310

ANHULRNIZUD LNV UA A N RULITIAM NN R LA AFasa LT [21]

[

o Faplunnawainisneduiglalasansusianizaasol

o

o Janlupnuiingesn WHANNANTUSAUAN B ANUNTE

o a . dl a 5 26 ¥
® N1799FNURL (edge orientation) MAPIUEIN1T0FATIZT A LT 5
RANNUVDUAD WUIFS (]) BUAUBU (-) U 45 BIAT (/) U 135 a9 (\)

=
uay llSuey

AnaNyAgIuil nanazgnutveeniduuden Tuudazudengniivuanis

esnaasray Tnaldgalaunsunesauiiasidunifetuluusazianiei liandalaunsy
dl dl ] a = o dl ¥

NINNFA HAUINIUNIVIARALTAANINIAEUAIINANNNIN (2.34) Uaz (2.35) W1 Taerlu
' = = s & & dl o '

wiazqaan WainaneudInmes u G(x, y)z(GX,Gy) TIRNHTOANUIUYNTENINN G

luupazaanN WAL nmesuan D, 184 4 AAN1921UAB LINABFIULLIAY () WHIuau (-)

LU 45 A9AN (/) e L 135 a9AA (\) FagunITN (2.42)

6. = arccos i
| sy’ (2.42)

AT AN TN TUANNTINNFaaraL LA AT UARN IR ANN1I (2.43)

E® =argmin(6), i=-]|/\ (2.43)
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o o o | o = e | A a = LR
mqﬁﬁ‘ﬂﬂqﬁ‘qq\?mrJLLUUiNNﬂlﬂU (null) ﬂﬁiﬁ‘ﬁﬂ“ﬂu’]mLﬂﬁ‘memuﬂﬂmwmL?MLﬂ@ﬁlumuud

FatnNRaFANHUTIANIZIeY E wnuldsaannisi (2.44)
E=(E*E™..E™) E%e{-|/\null} (2.44)

Toa7 nnudalfduaiuan N uden f9luingdnus AN Ia9Ua LA [N FINFA9IINAIN
aNNIN (2.44) Feanninasluudazesflsznouaaifs)ia (egde  color) lAAvannIs

(2.45)
edgecolor=| E" EV E | (2.45)

2.6 maduunUsziavaanaulagldnissangluuy

aa o

132N Ne893 AT ATD0 I NI UANHAULITIAINUNIE WU LN BIANHOULITS

A o dl e YV ¥ 1 dJ a [~ & Ca
ANUNE AR ANHEUE NN ETLFLAZIIN 1A 111 N19laNsn TueeALsenaLInanIn Nl
ALAANNNHIEINTUANNT95D LT UAY ATV AN A NHUZLTIAINUNILAD NN
uflusesldinatinilinisGanilnainsasdns (machine  learning) %138 N199IN2ATNIEY
AYNNVNNE (semantic labeling) TeliaANAT A NuN1e e N 3 luunAn [36] aglu

InreaF1sreasnanlszneylilfay ")Vm; (object) a0 (scene) WAz mrz!mmi (event)

12998 nHUTIANNUNIAUIZNTUINABN I AN UZIZALAT

Aa o

WMHIZANN DN ATUBARAIN AT LAINYTARAN AL AN TUNILLUANABIN NI EANAL
ANHULITIANULAE 1U32N199 2 ABLUIANNAATNAINNNIE AL AT an e UAN Y

= = Ay o = o o o
FINAIMTNUNE R Wagaireaneusidsanutnne lududnld ﬂ?iﬂW?QQV]Wﬂﬂ”I??‘JN

o

o 4 o o o a Ax = Ao &
ANWWIUSYINTEAUUU LA izm‘i_lmx‘ilullLLuQﬂQWNﬁﬂVINMWN‘MN’m sﬁ\iﬂﬂ&lﬂqmﬁq O_I‘quﬂﬂ

o

o

ANFUIANHULIEAUA NN INUUABANIATUAIN Y38 AR AL

Annotation

A

A

Visual Features

21[91 2.20 WHUNINNIIFIATIZHUUIAALTIANNUNEI

a

A 4

y

Visual Models Classifier

A 4
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NN93LATITITUUIAALTIAINUNIAYZLUT 2.20 Useznaudan daunnels
o . | o all ¥ a v O al BJdI
AUsznay (annotation)  LHUNIINNMUAAINNNNIENABINTALATITW IINININ13FEUTT

a o & o aAa o

azfiaeniuatulnauyud AuFuaisudaiadazinluseAudandnvial dauanuue

= o o

< = o a 1 Aﬂl % a L dl % o
‘Vﬂ\m'ﬁ‘ﬂ\m\iL‘M‘L&Lﬂu@m'_‘fm;‘ﬁﬁ‘tﬂ‘u@WQWiﬂ@’]ﬂﬂ’]ﬁ‘ﬂﬁ‘BN'J@ﬂ’]WLL@%’Jﬁ AL LN@VLW NUTIEAL

1 v K ) o d‘ v o 49{ ] v o
anandnastnldunuuanaean linirusauludaunslianlsyneay

Anmusidaanunungairdldannimatinaesnisiaauuy (pattemn

v dJ = 1 1 [ dlnil/ =<
recognition) Faeiuat lugtluunaeapnIagiduzasnang , (lunnune el szinnaes

qa o edy vo o a X | o o Ao <
qmmﬂummmigm) NENAAUINNATLINARTANTIUSTSALRIINNTIA X LfluL"JﬂLﬁlﬂﬁ‘@‘N

|
al

(ramdom vector) AYANN1IN (2.46)

P(w, |X):% (2.46)
T p(x)= i p(X‘a)j)P(a)j) (2.47)

i

P o a Al X ) a o a P
LB p(x‘a)J) WUANEHULTEIAINNNNN LN D397 U TR 8 T W9 A A LU UAN A B9 A TNUN N

2 WHIANINAR AD WIANAALLLAABITNADR LAY LUIANNAALLILANADIARA IR LG

®  LUIAALLUAIRDILTIADR (Statistical Modeling Approach)

sluumm’mﬁmLmurﬁmmL%qmaﬁvlé’ﬁmuuﬁgm THANHULITIA N AN

ANTLANLAILLILNNE AIZNANTN (2.48)

1 1 T4
p(xoy) = — o] 2 (x-nf x, x| 249
(27) ‘Ej‘ 2
Lﬁ@ﬁ%ﬁwmﬁaﬁmﬁiﬁi p(x) anAmndnes 1 Lﬂul,fml,mmfﬁ%a?ﬁ'ﬂluﬂzﬁu j uaz

=, il wwiEindaoinudlsdsoudonines (covariance  matrix) lungu j anndayasaating

'
al

Tnaldwmatianisdszuiarandayainedu Wy nnsilszuiuaininiganasaziiu
(maximum-likelihood) 58 NMsdszanuiAnuLe Husiu dapvesunInuAntRadnEME
ITIANHUNENNFIANITIAN N19aR LAY NISUH ILUUAa8Y WaAuIuNguAlszna U

UINVUUTDAALRLAT A9T18aZIBEALAAS I UNAYIN [2,36,37, 08 38]  udAdalAeuad
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o Qéd” ¥ Yy o o o o =8 dl o a
LLUANABNAN R ﬁl‘ﬂ\ﬂﬂ]“ﬂﬂ&lﬂ@ﬁ]q gnaifuanuaunnd niun s nluiliesanLuLAaa9il

I o

'MJHaﬂ’]uqqﬂﬂ‘ﬂm:ﬁ@\?V"IQ’]N‘MN’]&Iﬁﬂ’ﬁLL@ﬂLL’NLL‘]_I‘]_ILTI’]Z{

®  LWIAALLUAIRBUTIRFATNULUURA (Discriminant Model Approach)

v %4
aa o K 1o o ¥

ANUNTENBBIUUIAINAASIANTIA T ATUTNEEY TUAWIud Ry AN

a

Hneudnfusesizualunjdmiudaznquatiumng udlunialjiflienaasmansoe
Fepanumansiauaunnnld FefunisdiaeuieainsdldmnzaniediueAnuuniaes
deRaniiuuumiuAanisuilefiunisulasaanianime fanenizang g;(x) Tneilaridu
'm;ifmd'mL%umﬂugmmmmﬁmﬁ?ﬁ:ﬁl,l,uuﬁﬁqLﬁuﬁmumiﬁ (2.49)

g;(x)=wW'x; +w, (2.49)

o w fluAeninefiauiin (weight vector) uaz w, Aa A1luuaa (Bias)

[
a

158 A1UIMINAALEH (threshold weight) naaa j laed x agflupana o, &

9;(x)>0;(x) We j=i  deyatlnduazgninanaeulifuuuudiaesiedszanoen

a a

r% o { = a d‘ 1 v ! 1 a A
wnmafinutinuasAn luueadunaiaiaaznaAn lawn Insetnetiasea [40] e Support

Vector Machine [36] vl

2.6.1 Tmas91nati95aa (Neural Network)

Tagetneiinsaal ANEIUENIFATUIBINNAUALNITN WD ANDINT I B9

1 1un19338NANNANLNIUIAY L1 N19AARIAIANET N9aAAALNNA N13LTENINIAN

o o

waz n1sananuuugil [28] TnetasstnatiosaadAnaNiRNINuEe Aty oy ausunaw Atynynn
o X . oy ool & y . - v
Andieu uaz doyoyned idanysainldanudeyanial s Tassdnefisseavaneduwuyly

49t (feed-forward multilayer neural network) gnldamlunisa¥nssaauun dlasea¥s

o

g 2.21 Faflunismensefiunualulsazdunaslaseng wleduldidudusunn (input

a

layer) @1 (hidden layer) 4ag Flansinm (output layer)
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Mﬁ\\
‘\'3 ‘f'«. N

- a e i - . H i L
FUBUNA HFUFOUN | FuFauii 2 e tAna

717 2.21 Tpsednetiaseanaaediuuy g

TnaAadantinluusarnisdanseszndnaluuniiosaaazgnuiulaeld

suidaLAEnTTuNINIzanesiaunall (Back-propagation algorithm) A9asn13i (2.50)
w(m +1) = w(m)+ Aw(m) (2.50)

aunsil (2.50) Wuaunnefilddsuavminluusiazsaunastindu e w(m+1) fluen
wndnlud w(m) dudstindnidausy aw(m) Wunasisariiminunléainaunish

(2.51) uaz (2.52)
=1n9,0; (2.51)

f'lnet. \t. — 0. if jisoutputunit
j:{ ( JXJ J) ] p 052

, T |
f(netj)zkékwjk if jishiddenunit
o - AN A
e f(netj ) wlu Activation function Anuagl
t; Wuenendnmivianenmieg | j
o = 1% 1 a
nflugnsansizauiredlaetneiiiges
@ e d - i i
waz 0 luAnesinmildlaseinaiivseauseniiiunniviiog j

nsifudmingniiulaalddeyainedugauils e A uRaNaIATD
' i o ! s ' o‘dl o =] o v v
Aasnal N aiuAe ey lunusinainisnsenfuldasininaasuiudeya
NARDL ANUUIANAANIFAUUNLLLLLE (bayesian classification) gninsnuFulildriu

ATAANNITIAIN UL T UTaIHI T TUR A AT R LULANN T TINIATURAATRLUUFUD
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farea We x {unnmefanenizianiy way W, iWuuyizndanaaeidnudn (weight matrix)

]

dl 1 a - A Y @
NNURIUATRRA ) LﬂﬂullﬂLﬂu

n
Yj (x):Z:wijxi +Wp; (2.53)
i=1

a o

o o o dl | 1 % 1 a o
Ausuilyuinisaruunidaiuaniy C nguasinunialiannuioataseasaiuiu C
widae TnaiiluwsiazaanalilesiduhansdunuRvesngues uas nnwasaunmla azimun

\flupana ¢, 0

Y, (x) = max(y, (x)) (2.55)

]

AINNTFAWRNLLLILE AL N9UszneAIA NNz T UNAY (Posterior  Probability) 11

o

ANAUANNINAATANE LGN (X) FaANNNTN (2.56)
P(c, |x)= foas Pc; Ix)} (2.56)

e P(c, |x) duArarutazidunaseednana ¢, fildain x ewFeuiisuannisi
(2.55) uaz (2.56) N3 uunLULTlunIsdanaaafmuzanfaaainnazidund

deuaelugtarifupanstuuus A

y;(x)= p(x| c, )P(cj) (2.57)

WasanaupvesieidunamsuuudiunuindAnylunimnsruaunisud oy feiuag
Rarsauieiduaanziuuud Wegluglaenisinvesadnniaa sl unds T9ainaunish

(2.57) @aulaiy

y,(x)=Mp(x|c;)+InP(c;) (2.58)

v
o

TefnsvanyAgundianuinaiiuresannesaunm x luwiazaanaeglugl

989N19NTTANFLUNE BT ulAFIdaNn19N (2.59)

1 1 —\wl -
p(X|Cj)=WeXP[—§(X—X1) 2 (X—Xj)j (2.59)
i
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di & 1 ai — n [ I's aa
tHA INABTALRANE XJ- e R" Hlunirafauia n Un
X, = E[x] (2.60)

WAz T e R lumyisndaaunilailsausanien (covariance matrix) WA Nxn

T, =E[(x—ij)(x—ijﬂ (2.61)

Re1uanNnih (2.58) Iud ey

y; (%) :—l(x—ij )t Efl(x—ij)—%ln‘zj‘—gln 27+In P(c;) (2.62)

]

4 o - . = ¥ = - < . =
HAAANAULBIATANIN LL@ﬁi‘MIu‘Vmﬁ@%‘mLN‘VI?ﬂsﬁﬂ’J"INLL‘]J?‘]J?J"J‘LA?'JNLFWEI'J

. . £ 2\ 2o d @ o
Wi 2 =2, j=1. Coasidlunatves Zin 2 arfisldifiasaniudaei 1 Taw

gunns ol landlu
yj(x)= —%(x—ii )t T (x-%;)+InP(c;)
=i‘jz—1x—%itjz—1ij +InP(c;) (2.63)
=W, X+ Wy,

i ] = | . R, a
InefaNn13N (2.63) azianayl XX X LWiﬁmﬂunnLfmme@ﬂwmmﬂwmﬂu@mm@ﬂ

AU Fatiuazlsian

Wi =xz" (2.64)

nan
W | :—Exth "X+ P(cj) (2.65)

o o Y

ﬁﬂ‘&u@ﬁ;ﬂiﬁﬁﬂﬂ?ﬂﬂﬂﬂm@ﬁﬁﬂ’wﬂ?:@’mLL‘LI‘LILﬂ%{ﬁﬁm‘vﬁﬂeﬁﬂmmm?ﬂmﬂ
SaNNE AN AR A A UL T A UL LU wrnzanareg luglssu i
\&4 (hyperplane) Tunsmmanindanuulstusiniis luudaaanafunysndla
ﬁqﬁ%’uﬁmﬂ?ﬁLLuuﬁTﬂJmmafﬂ-‘hLLumLU‘uL‘UET‘?']'mmmu@giugﬂ@zumﬁﬁﬁqmm

(hyperguadric)
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2.6.2 ms"iLﬂsﬁzﬁdquﬂsznauqmﬁﬁﬁ’m (Principal Component Analysis)

'
o o aad

nsimszidaulsznauyadnsny [42] 1lunisandaninenisiinsizsin

o

o

ANBUZLANIZFINAY A AR ATUIN U A NEANAIAN1A948 (squared-error
o 4 v o , da s

criterion function) dearsaunldidlunisuanimasinen (single vector x,) Aldunuin

Foaegawn n 16 deieriduinusiauianaianideassaenninasinen Jy(x,) @y

FaANNN9N (2.66)

Jo(xo):kZ”x0 —xk”2 (2.66)
=1

! s Ao o g w Ny oA A . ¢ Py ag v P
ﬂ’]LQﬂLm@?LﬁﬂrJV]ﬁqzmqiﬁ ‘]0 Nﬂqu@ﬂm'éﬂﬂwq@l 1uﬂim@ﬂﬁddﬁﬂLN@@NHMWLQHL&I@?L@M

dudrnimasiade X, = mila m Wuwaneefaefansaunisi (2.67)

m=2%"x, (2.67)

(2.68)

k
X, —m||2 = 2%, —m) D (X, —m)+ D [Ix, —m||2
k=1

n
k=1

n
o - m||2 + kZ;IIXk - m||2

k=1

AAINANNTEN (2.68) iasainuasanlunaiii 2 liudaszan x, dailunng
\fwinlddeange (minimized) fqanisidan X, =m dupanisuonees m - analian
o el
atfign

dl & 1 ai [ & o a o aa g Faa o U 1

\WasanunieasAeasdunnmesiaumuia uul i uguatani il

o A = Y v o vy 9 9 R A P A,
W]N"]gﬂUﬂ’ﬂN@WNﬂq?Lﬂ@ﬂuLLﬂ@\ﬂm ANUUNIATINA UM TILAUNLNNINIULINLADTANRALDRAIN

a

lunnsananimas (vector projection) IAunnmafinaandEniidu 1 85 a1y e 1l

nneas 1 wdoslunAnillpuidunsandngaunisueadun e ey

X—m-ae 269
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Weranans a luAtanuiuase daflussasng (distance) M99 wnwes x Ay
wnwasAedt m Auiuawnsnardulsc@ns a, Numunzanldanisidunuesianng

Hana1aftiasNgaanannisi (2.66)

(e ae) = Y |(mrae)-x, [ = X e (x, -m)f
=1 =1
=>4 ef -ZZak % -m)+ Y, -]’
k=1 k=1

(2.70)

A [e] =1 uazillenasveyiustesesanniam (2.70) rnvualiiAndu 0 Fadunism
sinduilsc@ng a, Pinlisidunusiaenuiianaianiasiadaangaasls

a, =¢' (x,—m) (2.71)
aN@NN13N (2.71) 25uUdasnmn Ladauai i unalaasnidagasi

4 dl 1'% '8 = dl 1 1 dl
UBLRYANAVRNITIINLADT X ldtuianng e assuenmesAeds m

tloyvanduiasnaenIsfian1Rnmes e Nangs awiilyuldlag ain

WY3NdN19nsTantl (scatter Matrix) S NaNlw
i T
S=>{x —m)(x,—m) (2.72)
k=1

Slounuannn (2.71) adluaunsi (2.70) azld

J.(e) kz_;af ZZak +Z||xk m||
[er (x,=m) ] +Z||xk “mlf
“1 c (2.73)
e’ (X, —m)(x, —m)T e+ > ||, —m||2
k=1

——e'Se+ kzn:”xk 0 m||2
=1

' all o Y £ dl @ 1 dll T [ U dl dl vaa &
wnwef e Al J, deangafidele e'Se WuAnnnign Inaliminagnainaiug
(larange multipliers) 1% A 1flu ﬁqqmﬁﬂu (undetermined multiplier) WrdUaINIIRS
Denleiu

u=e'Se—Jle'e (2.74)
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\HaneyRUsIa9aNn9N (2.74) foel e azls

a—u =2Se—-27e (2.75)

oe

d' o % '8 al & Cs =1 7 '8 = I
Wanvualinnnesinshaumiugudaziiulddnonmes e Wauaglu
sduuuNsATIETNIARTANHLEIANIE (eigenvector-eigenvalue analysis) AB4LNVIINT

nnsngzaeilu
Se =7¢e (2.76)

' T T o Z‘/ B a = & o ¥
Wanzdn e'Se=Je"e =1 AigINI9i@an NEasiANIe e vsannmesantuzianyls
e , NN WIS y
ANANGNHULIBNE (eigenvalue) nuAnNgn na1nantuuilelidinisaiadays
(projection) asunnwasils sl 1 J5 deyaazgnanaasliuuduicwannasaaas
TUAANI928NAD FANEUET I AIANHUZIANI ZHINTIGATBILNNTNANINTEAE A9
ANxNTUENENad LAaNnnNITRNeanmas 1 Nalun1seiannmes d' ARaInaNnisn (2.69)

e el

(2.77)

e d'<d Taed d dudnuoudd x,  uaz afludiulsznauaes x vesluusazgiu

Y v o

ARty e, uazBaundy a, davilsznauyadidny drawmsedludssanaiin didayasaiuau

a

d agflugtlrasnguaesasivanaszuny (hyperellipsoidal) LAY ANNABFANHIZIANIZAL

DYUVUFIAZINUIDI99E Uz sz LAY 2.22

X5 e,

X, X
Wl 11UV V1w 3o v,

My|-ememam lom ..:'.,_.r_',: \/Z' .'\'

»
»

=] EIETEEEIE O
=<

Xy

o o

3171 2.22 nsudlasdayadaatinasuudauilsznauyaddnylu 2 J5

o
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Aatiuannguin 2.22 @ewaelugtlaesnisudasumsndlFdsaunisi (2.78)
y=e'x (2.78)

WamAnmefiadauaziunIndanuulslsusiniies’ 19 y I8Aeannsi (2.79) uas

(2.80) ANNAAL

m, = E{eTx} =e'm (2.79)

Sy:E{(y—my)(y—my)T}zeTSe (2.80)

A nguutiuaesnisipgaziionmefansuzianicluannisd (2.74) uay 4191309naNN"3
Ty

e'Se=al =A (2.81)

AILAINANNIN (2.80) LAZANNIET (2.81) WEndA NI soudaNed v WauaTugll

o

RRNVIINENULINN A = 21 fAviluginnsnesuialadinisiinszidutlszneusadidey

dunsulaadaduniiliainasiandnuasssunia vl duusnsaonudn lusdazinnmas

Tuusnnuaasina lud il anduiusniu (uncorrelation) waziiluaaszaananniu

2.6.3 NM5ATIERRAASRLUUMTWAULNLISANgAus (Nul Space based Linear

Discriminant Analysis)

4

fadnuunineyiallazerdendaniugiunisununuantifdnsnizinimes

= oy > = \ oy v o > 4 9 = v ]
anzpgldandeyaguns wiu deyadadnues dayanin vive dayaides iudu namke
nsunninasaneuianneidnud A luwiasaguidesnisdatunududaunudays

b3

Tuusazngu atinvlsfinnilaisnideyadunnluudasnguatneanin wie de

=)

YABUNR
Towninlddaliiindselaminanisaawun wadliufaaaaninmasianizelias AN

=)

'8

ANANIABFANEULLANIZAUNANTALT UNITNITAAAUILAATUIALBIR T UIULINLAD SRS

q

dl % o da‘ dy dl a & zd 1 a
WA THNANIIANUUNATNTY TINANANITAATUIATANINIARTAIHITENIN ﬂ’]?'il’]ilﬂ?‘ﬂu&lﬂﬂﬁ

(subspace projection)

1 o a_ o o i
mFmdleutumydndnisnszanafedunish (2.72)
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v

a a a dl 3| dlyv a A a g
Lmﬂuﬁﬂqi"ﬂqﬂﬂﬁ'ﬂﬂﬂﬂﬂmLﬂu%g‘ﬂﬂﬂuiﬂ 2 1 AUA AR NITILATITH

a

doutlsenauyuaAyilinana 3 luiadaniiiunn  waz nainazinaAsRuuuTEY

o o a L]

(linear discriminant analysis — LDA) d1wiunisimnzidoutsznausadisny Juaziann

' 1
a = = a a = ' '8

IspidesndeyaiinisnszanslndiaasiudiglinniningaiunaliiAianinaes

a Q

o o

ANBUzRNIENINNIAUEIFINduNudau szne Uy g ATY (principal component axis)

o

Y 1 o ¥ 1

TnamnmasnlirdansuzianizdnlndaudFandiunugaud (null axis) elsgitesiiia
AnunugAudazgnEandUEnidaud (null space) TuaneNnIITATITTRAATHLLWAIT
- ay SO Sl oa S
WuazidantBnitesNinunzaniunisauunInngn tiupanisnszananielungy (within-
class scatter) uae LA N13N32ANETTUINNGN (between-class scatter) Ann Tnenig

anamaiiatilszaunanndralusiunisianlunein [43-45]

WUIANAR TN IUNIBINITIAITiRa s LT R AU snsua
- 44 ye # 4 - 4 2y
dadwinenazldnguassaneaienainisauenuerlaudsainnisulas TaEusuaINNIg
HENNUATAANYAFIUNWNAMRAIARAT 1 n unuAdga wIuiRvesiglvesdeyafieting
FBU Uaz ¢ UAIUIUNGNTIABINITIIULN LUNTNGNIINIZANUTENINNGN UAY LHVIFNT

nsnszaanelungw Henslei

S, =ZC:Ni(mi —m)(m,—m) =] (2.82)

Jr—= Z (% =M ) (X, _mi)T =0, (2.83)

= @ o o ] 1 dl .
Wea N, usnuanessinedelungun ¢ (i=12,...,c)
N flaInuredFapeeienun
< 4 .
m; dunnwesaedanalungun c,

m {unNRa AR RN ATEIARANITIIANA

O, uwviinduasionimasAtadanialungy m; fu wneefAeanimue

Yasstedaya m

war @, WswEnduasianneesnialungs X; fu wnwefAeadanalungui c,
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IPELNYIINEN1INTLANTINNA 1178 WViTnTANNLL 79U N ATe NN a1
N T T
S =S, +S, =D.(x,—m)(x,—m) =D, (2.84)
i=1

nsmziRarsiuuuidududunisnsnenmanzasign  w=[w,w,..w,,] M
a4 o
Rawlandn
WTs,w|

Wsa|

Fenngwnoueitidn “Fisher criterion function” uda W ldnnsunaaasan feynian

J (W) = arg max (2.85)

4 6o a ¥ a a aa o a ¥ a P
@ﬁﬂqﬂﬁﬂﬂﬁ]uﬂ’]iuﬂﬂLL?_I$L°TJ\'1LZQH UANNIT Lmﬂwmmmuummmumﬂﬂm \lu
d; (x)=W" (x-m;) (2.86)
2.6.3.1 ﬂ’)ﬁ‘ﬁ’m@ﬂm’)ﬁ‘@’]ﬁlﬁt%iﬂﬁﬂﬂ

- » - Y o
NALDALIUAIN T L AR INNIZANLDI8 1NN (2.85) 2uneled1n s e
v o £% a e 1 1 vl d‘ ng
wiNzansein luvEndnasnszanesudengs (S, ) gnudasliinisnszananuinau Ty
a o v o 8 v » " o Ay
nuztAtaiusawiN liwvisndnasnszatanialungy (S,) gnudasliiinisnszanentiasas

saiulunsudtlymnisudasimunzaunila 2 2aAe

® NIIATUANUNIIAATITULINLABIANTIUEURLNNINGE S.'S, [46] LA
A X dyya Tl SELR 2. o o - .
weilaiinaf i Asaaan ldudueuwiiasainauegiunisnmmsndunduassawunsndnig
1 1 dl a o‘d‘d 1 ] [l a A
nazangszndnnglungn S, Miuwmindniauialvey Inedaulug)lun1edgimnism
dl ¥ dl o 2% a 6 1 U a 6
maulasfinazanagldannnasulasiin Iiwyisngnsnazanassud WNgn uaz lwyisnd

m?ﬂﬁ?m’mmﬂuﬂfoju Lﬂumﬁﬂﬁmumguw%uﬁu (simultaneous diagonalization)

o . nasAnurninasulasinanliianandithunnsndnzieeyunianiu
[47] Bawmnisudaadadunannsaninly S, uay S, lummsndnzueyunioniuls

ANNTELUNNTAasa L1

PN = . . . =
Funsvnnisudaguuylomuils (whitening transformation) 284 SW ABNT

winviandnisulasiinli S iluwvisndiananmnl (identity matrix) Avaunsh (2.87)
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y =0 ?dx (2.87)

e 0 uar @ WuANAaSANHUIZIRNIZLAZIINADFANHIULIANIZI8Y S, AMNAIAL

Tned
S, =00 usz ®'d (2.88)
uda S, waz S, gnuiashhiu
0 ’0'Ss POV =1 (2.89)
0 ’0'S, POV =K (2.90)
Tl K lddfluavisndnzuens

v
o

U9 2 ynnsuilaaidasiaaanisni (orthonormal transformation) el

K lusvsndnzueass tiupa
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ABSTRACT

We investigated the problem of automating sports video
classification by analyzing the low-level visual signal
patterns. In this paper, a sports video classification system
using multilayer perceptron neural network is proposed.
The classification feature is based on principal component
analysis of color histogram in RGB Spaces in order to
represent the field color ratio of video frames. The
classification module is based on a multilayer perceptron.
Four different kinds of popularly televised sports are
studied, namely Thai boxing, football, tennis, and
volleyball. The experiments were emphasized on
classifying video sequence at frame level. Experimental
results indicated that our classification system is suited for
sport video classification.

1. INTRODUCTION

Presently the advances in computing, network, and
multimedia technology mandates the development of
automatic video content classification and categorization
possible for efficient content-based video searching and
retrieval system. This is particularly _important for the
management and access of large digital video library and
broadcasting video materials of TV/cable broadcasting
stations. The basic approach of automatic video content
classification is to extract low level video features such as
color, shape, edge, or motion, etc., and to relate those
features to their semantic meanings.-. Yet this. is still the
challenging issues for researchers since there exists the
large gap between those two entities.

The rest of this paper is organized as followed. Section 2
review some related works. The details of color histogram
feature are briefly described in Section 3.1. An introduction
to Principal component analysis is provided in Section 3.2.
Neural network theory is briefly described in Section 3.3.
The experimental results are discussed in Section 4.
Finally, conclusions of this work are drawn in Section 5.

2. RELATED WORKS

There has been a vast interest related to sports video
classification. Generally, the sports video will be classified
into several predefined classes and indexed semantic
definitions or by some particular sport events. Some
researchers constructed the model to classify the events in
football [8] or basketball [9], while several others proposed
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general classifier for several kinds of sports [1-4,7]. For
the latter cases, we briefly summarized the work related to
this area.

Gilbert et al. [1] proposed techniques in sports video
classification using Hidden Markov Models (HMMs) to
model each sports genre with motion and color features.

Xu and Li [3] used Gaussian Mixture Models (GMMs) to
classify 5 TV broadcasting: sports, cartoon news,
commercial, and music. In this work principal component
analysis (PCA) is used to extract meaningful feature from
texture color and motion features.

The above 2 works are based on generative model of each
sport or video genre. Adding new genre to the system
require building the new model for this genre without
touching existing model. However, these generative
models are not optimized for classification task and other
discriminative approaches could be used, especially if the
number of genres is fixed and unchanged.

Wang et al. [2] proposed sports news shot classification
techniques C4.5 decision tree. The feature vectors were 11
dimensions which included field color ratio in frame,
motion feature vector, and ratio of movement background.

Assafalg [4] proposed the use of neural network as a
classifier for sports-video by using HSV color histogram
feature and edge intensity histogram feature.

Ma and Zhang [7] proposed-a semantic classification
scheme based ‘on motion texture pattern using Support
Vector Machines (SVMs). SVMs is based on a firm
statistical theory and obtains very good result on many
classification tasks. However, we are unable to control the
number of support vectors, thus the resulting model.
Therefore, the resulting model may be very large, hence
slow down the running time.

3. THE PROPOSED CLASSIFICATION SYSTEM

In this paper, we proposed a classification system based on
the neural network. The visual feature used is color ratios
from color histogram. We apply the PCA to extract
meaningful features as well as reduce the dimension of
histogram features. The block diagram of our proposed
scheme is shown in Fig. 1.
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Figure 1 Sports video classification diagram.

In the following subsections, we describe the color
histogram features in 3.1, the PCA feature extractor in 3.2
and the Neural network in 3.3.

3.1 Color histogram feature

The color histogram is one of the most important and
simplest techniques for image and video indexing and
retrieval system. The computation is simple yet it is
efficient and effective. In order to compute the color
histogram of a frame in video sequence, the color model of
each frame must be quantized into N colors to reduce
complexity of the computation, as shown in Eq. (1).

H(M)=(h,h,....h)

The vector H(M) is an n-dimensional feature vector
representing the color histogram for a frame M of the
video sequence and hj is the number of pixels as color |
divided by the total number of pixel in a frame for arbitrary
sized frames. The computational complexity of color
histogram method is directly related to the dimension of
the feature vector O(N?) where N is the number of pixels.

M

3.2 Principal Component Analysis

The analysis of a high-dimensionality data is often a
complex task. Classification systems are adversely affected
by high dimensionality. To handle this problem, classical
approach consists in reducing or extracting the small set of
meaningful features from the original features.

PCA allows achieving this goal by finding the linear
transformation of the original = features. The new,
transformed features, are orthogonal and can be sorted by
their importance. This allows extracting most meaningful
features from the original features. Therefore reducing the
dimension of feature vector before passing to the classifier.
The linear transformations corresponding to the most
meaningful transformed features are called the principal
components or principal axes. We will use the projection of
histogram features onto the principal subspace as the
classification features.

PCA is preformed on a training database, which includes
the video feature of all classes to be identified. Given
X;,i=12,...,N as the feature vector is N -dimension
feature including N sample data, the mean vector and
covariance matrix are given, respectively, by
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m =%i§::xl (2)
C =2 (x ~m)x, ~m) ®

Then the P principal components correspond to the first
P significant eigenvector of C . Let v;,i=12,...,P be
these principal components and define the following matrix
U=[v,V,...vp] of nxP dimension. An arbitrary n -
dimension original feature vector x can be represented as
new compact feature space as shown in Eq. (4)

y=U'(x-m) @)

3.3 Neural network

The artificial Neural Network is a computation model
which tries to mimic human brain's functionalities. It is
now a classic classification tools that has been used widely,
such as optical recognition, speech recognition, regression,
and pattern recognition [4]. Because of neural network can
endure from noise, distorted pattern, and incompletely
practical sample data.

In the forward pass, the weights remain unaltered
throughout the network, and the function signals of the
network are computed on a neural-by-neural basis
Specification, the function signal appearing at output of
neural | is computed as Eq. (5)

J(n)= f(net;(n))

0; Q)
Where net j(n) is the net internal activity level of neural
J , define by Eq. (6)

ety ()= 3" w, (o, ()

Where p is the total number of inputs, excluding the
threshold, applied to neural j, and w(n) is the weight
connecting neural k to neural j, and o,(n) is the input
signal of neural j.

(6)

If the neural " j is in the first hidden layer, then the index k
refers to the Kk th-input terminal of the network. On the
other hand, the neural j is in the output layer, the j th-
output terminal of the network.

Where f(netj) is the activation transfer function in the
neural j. The continuous nonlinear activation function
commonly used in multilayer is the sigmoid transfer
function or hyperbolic tangent transfer function.

In backward pass, the links between layers are weight
parameters that can be adjusted by the Back-propagation
Learning Algorithm as shown in Eq. (7)

w(n+1)=w(n)+Aw(n) @)
Where w(n+1) is a next weight vector, w(n) is a previous
weight vector, and Aw(n) is different weight vector,
determined by Eqg. (8) and (9).
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Input Layer

Hidden Layer 1

Hidden Layer 2 Output Layer

Figure 2 shows a simple feed-forward multilayer neural
network that set a classifier. The connection of network
distinguishes 3 layer connections: Input Layer, Hidden
Layer and Output Layer.

Aw; = 7751 0; (8)

f’(nethtj —oj) if jisoutputunit
77 t/(net, )y, 5w, if jishiddenunit ©)

The output of the network o; is compared with the desired
response t; , obtaining the error signal for adjusting the
new weight vector.

In this work, we use 3 layer feedforward network with the
number of input nodes equal to the dimension of principal
subspace. The number of output nodes is set to the number
of sport genres. The number of hidden nodes is adjusted
experimentally.

Each output of neural network estimates a posterior
probability of sports genre. A sports genre was chosen
based on  Bayes decision rule, choosing genre by
maximum estimated output unit as shown in Eq. (10)

0, (x) = max{o; (x)) (10)

4 EXPERIMENTAL RESULT

The video sequences used in the experiment were obtained
from Thai television broadcasting recorded in MPEG-1
format with resolutions of 448x384 pixels.

4.1 Experimental Data

In the experiment, the test data were obtained from TV
Broadcast of 14 video sequences with 4 sport genres
namely Thai boxing, football, tennis, .and volleyball, in
total 12 hours of video for training and test data. A 64-bin
RGB histogram is extracted from 100 video frame (4
seconds). Table 1 shows the number of sequence of each
sport genres, the number of training and test frames.

Table 1 The number of Train-Test sample Data

#Videos  #Training #Test
frames frames
Thai Boxing 3 600 300
Football 4 600 300
Tennis 5 600 300
\olleyball 2 300 100
. Total | 14 | 2000 | 1000 |
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4.2 The number of PCA dimension and of histogram
bin
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Figure 3 : Eigenvalue on PCA dimension in 64 bin
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Figure 4 : Eigenvalue on PCA dimension in 512 bin

By projecting all sample data, both training and test data,
of color Histogram feature into a pre-trained PCA space,
we obtain a compact PCA feature vector. In Fig 3 and 4 ,it
can be observed that eigenvalue or variant in each principal
component axis of the 64-bin color histogram and 512-bin
color histogram, respectively.

From Figs. 3 and 4, both of the number of PCA dimension
increase then the eigenvalue decrease and the dimension
more than-20.dimension will be-converged to zero values.
In the zero eigenvalue in the' PCA dimension axis can not
be used to represent the data.

In order to learn from training data, we randomly
subdivided the training data into two sets: learn, and
validate set. The ratio between learning and validation data
sets in training data is 2 to 1. The learning processing will
be stopped when there is an increasing errors of validate
data set. In the other words, this is done to improve
generalization ability of neural network as too many
iterative learning may results in the overfitting. The error
of validate data set is mean square error (MSE) between
output of network in forward pass and desired output.
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Figure 5 : Sport frame classification accuracy on the

number of PCA dimension

We construct a 3-layer neural network, one input layer, one
hidden layer, and one output layer. The activation transfer
function in the hidden units was specified as Hyperbolic
tangent transfer function and the output units set as
Sigmoid transfer function. Given a limited training set,
using too many hidden nodes can result in overfitting thus
dropping the classification accuracy. In this work, the
number of hidden units was varied between 4 and 40 units.
The accuracy of experimental results according to different
parameters is shown in Figure 5.

The results in Figure 5 shows that as the number of PCA
dimension increased past 10 dimensions, it can be observed
that the average classification performance was 85%. The
best classification accuracy from 10-dimension PCA was
achieved with 16 hidden units as shown in Table 2.

Table 2 Confusion Matrix of 10 PCA dimension

Boxing = Football = Tennis \olley
Boxing 95.66 0.33 3.33 0.66
Football 2.66 86.00 3.33 8.00
Tennis 5.00 433 87.66 3.00
Volley 10.00 3.00 7.00 80.00

5. CONCLUSION

In this paper, we have presented ‘a sports video
classification method using multilayer perceptron based on
principal component analysis of color histogram. Our
classification scheme allows classification of different
sports genres. Experimental results indicate that PCA color
histogram from video frames can provide very useful
information for classification. The PCA can efficiently
extract useful features from color histogram in sports
video and reduce computational complexity in neural
network. Also it has indicated that multilayer perceptron
can effectively learn to bridge the low level features and
semantic contents. We believe this can contribute to
semantic content understanding in video.
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