SR 26 A S
SRS NE N A 3 = 1y S e R IR =R 1

[ERREZ VA 5

FrE i E & Mt FEE 2 AW
EN{EEREKICRE T 2R






i X "

AEX T, BT ORZ LB E 2R A S RERRHE L, TR AOREE FE T 5
FREMNEZET, ¥F¥a )T 1 DB CIRE L 2 2 BB O 2 b sEd AR BEGRRR O FIEE
RET 5.

BN AT DT Y ZIAL & B E G REEAMANDOE R F 2 ) T4 VAT LBV TEE -
TWa. ZOBEEGERFEA TIE, BURIA < ERHSI TV S EMRRATPCHAYIRLLICMA T, A
OXEH T TV —DYMRE R T 2 Fr B E % 2T 2 BfiE OB EifR A 5 & h % < OIE#H %R
Y B R REAR AR D SN T NS, Z ORRRFEHEN 2B RN VN ER T ENE, AATD
Weff 2 IRANIC BT 2 Z 212k b, A AT OMGE BETHER L T\ 5 BELE DA OB A%
I ADEBHIFS TE 5. 7z, BEHBREZ SR E U-BEGRHEEME~—T 71« v 7ED®
Fa )T UANOHRICEHATAILT, EXxa) T4 AT LOMIMIEZ ZHDEI LN TES.

e () 72 B [ R GR AR AT & B B 121, BREERMFDZMIINT S 2 DOKREWFEELHS. 1
DHOMEIE, BROAZOEIIINT IHEESTHS. HRORIAOE(IHT 2HEMSIX, H
HEE DO IS O ZIZ & D mG P OEFOHENZ T R, EICFRN S BIAREIC & b i
DEFEVHFRFIIROONS., 2 OHDHEILX, AORXDE(IZHT 2EEESTHS. ADRX
DEALIZ T B XX, B A THADEIZ X D EGHTDOADEENED DR, ADETIZ

HEFDANDKEIPEMATHREFITRDSNS.

IS OFFEIZ LT, AFZETIRBIE G O R A L8 & 20X S RPEHREE & HEt
FAWEBEREO 7 L — LU =0 2RET 5. 72, BERBO 7LV —L 7 =2 % EBT 57201
DEIRERRAL, MR, B EOEERROSTFELZRET S, £7, T A TEHENOE R KK
K7 D RN G 2L T 2R FITBWT, RERRESE S HEINFEICL OV ERORZOE
b2 ET LU 2 EREDIZLD2FEBRMFELZRET LS. 2D, HRAKREN» DR
IZZ2Mbd 5 L ETH, FAMIIZ AN U CTENAZ i ’*ﬁ%ﬂ@“é’ EDHBRIZ AR B, Tz, AT
Gz s 5 ADR A LB & 2 REMREOMEINEEIC L0 FE T2 LT, WRAEFHNIC
Ek?é%ﬁy%VT,Aﬁﬁ%@&bté~,Aﬁﬁﬂ®#mﬁ§%ﬂﬁ?é:t?ﬁ@%ﬁ%
T 2FEERET S, Zhitkh, ERPTERNICEHS T ALV —X 2B RHTEZ 20
IEURD S, BT 2 AOEEEZRET 2 Z &N AlEEIc 5.

X 51z, AW TI, BEEEEGE vY LEEN B EiffR b O A RO IREHE 2 Gl 5 TN A%
WAL, BHEEERZ WS Z e TRBEIZL S ADRZDOZbIzx U CHEBE 2 B ERS T2 R E
5. RETFIETIE, MR @%%w#ﬁWMR IBWVWT, FHKFERHBROM T X I HRAZ
b2 TADMENET Z I LW RIFTHEZERNFZHCIOIIET S, £TFEROD
A T R A 0D e o @@Hmﬁ/7w#b,ﬁx7ﬁﬁ#§mbtﬁ®5mﬁ?—a8;0ﬁ%%%
BEzZ LR 5T, ERFENDT AT O/ARITHIR L - 55inld 2 s s, 2L T, 20
S 48 & FRARIE D 77 A TR B 2 DBOFEY VT b, FRERIE O A D[ S 12 5 2 i
g ST 5. 2 kD, FEY VTV ONEDOFHZ /NS SHARDN S, A THEANEML
RO NDOEEEZ RIFIZRH#T A Z e aiEe 25, MAT, AL IS >V 2 H Wiz



BERHE L0 < OGICEHE L TWL 2oz, it ¥ iR e 325 AOHEE T WY
BT, ADO—HHE A IMTII A TRIBS 2 RVUT G AT RE R BIERR TR 2 IR E T 5. RETIL
Tld, REU7ZE EORERREE L 205 & & QR ZEMFHEE O BN 2 R H U 72 B E
2RO AR R 2 MIET S 2 & TEEREROMEZEES LS. TTED, TUAR—XHNDRR
WEIES B AD T CIELSITAATHRBEI N, AO—HABEAIMIITAL P TWEGHITEH, RIFIZ
B2 ilild 2 Z LA HREL 105,

ii



=

B1E
1.1
1.2
1.3

B2E
2.1
2.2

2.3

2.4
2.5

BE3E
3.1
3.2
3.3

3.4
3.5

R

Fim

RO R ..
REEMT . o
ARESCOMERR . . . .. .
RrZZ B EE

FRFZE MR R ORI EE 2 W BERS DO 7 L — LT —
AAZHRENRE URZE MR . oo
221 WERCRAORZEMRSEE . ...
2.2.2 JNVEBGREAORFEMREE . ... L L
2.2.3 BEEABIEA ORFZEMREE ...
224 ARV a— LB ORZERFSE ...
PREEE G A R e Ui . .
2.3.1 FEEEEfGECY
2.3.2 [HEEEGE SR L LR EE O .. L.
2.3.3 URMEMEZE VR . L
234 ATNVENVEAOCERZEMBEE ...
F1 A5 Hif & PR % B\ e R o bl L L
FEh
BEEREELZRAVZESETIICK 28ERE
PERFFCBIBHE ..
BEFEOT 70—F ...
ST-Patch R & %2 W= ERE T X 28KE . .
331STPmmﬁ@%®%W@%KBH6%% .....
3.3.2 REERASMIZEB2ERET IV E AW ZEEBA
333 BEETVOEF . ... ...
FEREAME .
FERRER . ..
3.5.1  EMRRRAION ...

iii

2 6



3.6

%4

=
=

4.1
4.2
4.3

4.4
4.5

4.6

=

5.2
5.3

5.4
5.5
5.6
5.7

=

3.5.2 EEIMOKEE . .

3.5.3 IREFIEOMEEROFMGFER . . . ...
O
RERRFHEORITNEZ 2 HW-EFTERE

PERTIEDIBE . . . .
BEFEDOT 7O —F
ST-patch FEf#iE: & ARSI OGN EE 2 v SEE EMRE ... L.
4.3.1 ST-patch I EZHAWIEREREDFE . . . . .. .. ...
4.3.2 MREHOEBIC L B AFEME L
4.3.3 ANOUWBSICEMITE ULIEEEE L ZREEHERE . . 0. L.
FERSAE . .
FEREEER . .
451 FEBEEROH ...
4.5.2 BIMGOMER .
453 ANDOREZIOMEBEOFMEER . .. ...
4.5.4 NFEBMEOFESER ...
4.5.5 MFEMFEEEOREBEHMEOREE . . . . .
FED
PR EGRO=—EMEME AW EREEEIC L D EFRH

PERTIEDME . . . .
511 HATREOEIZEBHE
512 AATHRROBMITHIEUERFEEZOHE ... ...
BEFEOT 70—F
PREEER O “HEXER 2 W RS
5.3.1  BHEBEEGOBLLEL . ..o
532 HATHREEZLT—=XOER . ...
5.3.3 EREERREMEORE ...
5.3.4  SSERBIESDTE .
5.3.5 HRERBIERDEEE ..
A ER O ERER B OB . .
FERSAE . .
FEREEE . .
FED
ERH#ETE IC & 5 RIBEEBEER DR ZEBINHERE

PERTIEDIBE . . . .

iv

49
50
50
o1
51
92
53
95
56
56
59
61
62
63
65

67
68
68
69
70
71
72
73
74
75
76
79
80
82
84

85
86



6.2 METEOT TO—F 87
6.3 [AIEHEEIC X AIFZERIRFBEOHIE . . . . . .. 87
6.3.1 AOMBEIZSUZREEOHE . .. 88

6.3.2 XREEIILURERRBEORIHEE . . .. .. 89

6.3.3 REBISUZERBREOE .. .. 90

6.3.4 WEMBFEEOHMBEMEOREE . .. .. ... 90

6.4 FPEMREEOMIEZHWEEERR . . . . . . . 91
6.5 FEBREM: . .. 93
6.6 EEREEE . .. 95
6.6.1 BEKRET—XOFMERER . ... 95

6.6.2 EXREF—XOFMEAEER . ... 97

6.6.3 RIEMEFTZZ A 7RO FEMEFEROFMAER . . . . ..o 99

6.6.4 FRARAEEROBEBIBSEEOIAMAEE . L L 100

6.7 FED . 102
BTE BRERE 105
TLOREE .. 105
T2 BEE 106
B B 109
SE R 111
MAXE—E 117






¥ B R

L1 ARERSCORERR. . .. 4
2.1 WM R OGN E 2 W ZE8ERO 7 V-7 —20 L 6
2.2 Space-Time Interest Points OFHF] (SCHR [1] 22651H). .. . ... ... ... 8
2.3 ST-Patch FfUE. . . . . . . . 9
2.4 ST-Patch IZ & RFEEEDOMEH] (OCHR [7) 22550 H). ... oo 10
2.5 CHLACHFRE. . . . . . . 11
2.6 CHLACIZX2EEBEOMEMG. . .. .. . 11
2.7 B BEMIFOML O HES K ORERER OB SR [21) o81H). L 13
2.8 RN OB BT OB R & EERE RO R 27) 2 551H). oL 13
29 AMWEOHE AT 2HOH A FEGE MHI & MEI OfF] Gt 28] 22 581H). ... 15
2.10 Volumetric Features OMEEE (SCHA [8] 22 S51H). .. . . ..o o o 16
2.11 BEEfEMEGE B OREHL . 17
2,12 BREEEEEROGL. . . 17
2.13 PEEEMEER PO AD 2 —F 5% W72 RS RR R (COCk [37) 225 81H). ... ... 19
2.14 FEEEEER RO NDERRR 27 bV & W2 RG22 MR E (Ccik 38] »581H). .. .. 19
2.15 PEREEERF DXV b v OFRE CGER [39) 2o 8IH). oL 20
2.16 FEEICBITBMRET LV —LDAT )V by (CHR[40) o8[H). .. ... 21
2.17 ATV b U TERIT TR & PO T R R R (SR [41) 25 81H). L L L 21
2.18 AV b v & BEIHEDBF#EEED 7 — & (LOP) & F\ 7z FEOH] (SCik [42) 75 5]

F). 22
2.19 A7V b v & HHOYIOHEAEHOFEEROH] G [44] 22 5510H). ..o 23
3.1 BEFEOFRN. ... 29
3.2 BWEOMNEROBL. 30
3.3 ST-Patch FRIZ L 2 ERET N EZAVZEMBBAOMZE. .. ... ... ... .. 32
34 WRETINVOEHOME. . . .. . 34
35 BAOY—vOBEREBRIZHCEZBGEOY YTV, Lo 36
36 BHROY—YOEREBIZHWEZMEGOS YTV, 36
37 TAHL—=ROY—VOBERERICHN GO T v, o 37

vii



3.8
3.9
3.10
3.11
3.12

4.1
4.2
4.3
4.4
4.5
4.6
4.7
4.8
4.9
4.10

5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13

6.1
6.2
6.3
6.4
6.5
6.6
6.7

BADY =V OREROH. o 38

BANOY—VOREROF. .. 39
ITAHLV—=RDY—VDEEROH. .. 40
Precision Recall BIf#IZ K B8, . . . . . . . . 43
REFIL L WBRFIRD Precision Recall HEAR. . . . . . . . .. ... ... ... ... 45
REFEOHEIN. . 51
CRIM OEUAEM. . . . . 52
NBEIBMU ORI OBEE., 53
EHEECEAMAMN LUZEMoaid@Eor. ... 55
BETEOEBRSEROH. . .. 57
2ME L U727 L—2MEDDB. 58
RERFIEOEBSERDOB. . . . 58
JRADERDE. . . 59
BEEEE BABIED ROC A —7. . . .. 60
REFPIELHETEOROC =7, . 64
A TEEREAC U R OB, . 68
BETFIEOT IO —F. 70
RETEOFEHED IO =, 71
FREEER DI RED . o 72
PREEEAR O =HERER. . . .. 73
NATRRAEER T —ZOEBROBE. .. ... 74
MHI % OB Ze MR, . . . 75
Random Forest DFE&E. . . . . . . . . 76
Random Forest & AW 7z85il#s 6 & O ghalples 08, . ... ... ... 76
REFEOMERBO 70—, 79
Random Forest % F\W 72 58a8 B #s 12 & B OBEZE, . . . .. ... 80
FHSEEBRD T — R, . . 81
FEESERD T T 7, 83
RIEBEEOBBERGOB. . ... 86
[EFHEE I X AR MR EEOMIEOREE. .. .. 88
PREEE R D R D MR DB, 88
ANDRLBEE RBEDEIR. .. 89
RIBEBORZEERBBEOMBEGE. . . .. ... 91
RrE MR OME 2 FAWZZBIERREROBEZE. . . . ..o 92
BfET — X O (LEFLIER], AFEMERD. 94

viii



6.8 MEMOIEMBEMROY > TV, 94

6.9 GEKRET—XOFMREER. . 96
6.10 EXRET—XOFMMRER. . . . .. 98
6.11 REMEFAEZEZZREOFMRER. . .. 100
6.12 RIEE 600mm D F fl & Precision DZALE. . . . . . . .. ... ... ... ... 102

ix






&= B X

2.1
2.2
2.3

3.1
3.2
3.3

4.1
4.2
4.3
4.4
4.5

5.1

6.1

HATEGE RS U R efRSEOmREN. ... 7
PREEE R 2 SR e U EMREEO KRR, .. 18
PREEEGR & 7 A T EBORFERRNEEOE. .. 24
ST-Patch B OBUER. . . . . . 30
AR OB OEEIAMRER. . 41
BEFFELHBFPFEOFIBER. . . ., 46
BERHER 10%E O BEEMEOKRER, ... 61
BEFFHOEEIOMERONER. . . 62
NEEME DM, . 62
R 10RO BEEEOMRBROE. . .. 63
BEHEEEOMREROESMOES. . . . . 65
T=5%DLE DO FEDIE. . .. 83
KiEE 600mm RFD F {H & Precision D& b&E. . . . . ... ... ... ... 101

xi






B1E
&

RETIE, RiXDOHEFRICHMZR A/, KX OMRIZOVWTIRANS.



1.1 HROER

EEARAS DTV RZMLEIIZ, £F 2D T4 VAT LIBT3 BEGRBEAMANDE R E £ -
TW5. BIEGEEREMTIX, BRIA L BERHI N TWAERRHEY ORI, B 5
& 0 BRI A T B R R A AR ST nwE. ZD & S RO diz, A%
DRFEYIR % Bt 3 2 YR Hf 0 N OB/ % 7583 2 BIERFREM T S b, Joer 2 8)

BB NET T ENIX, I A TWREERNIZERN T2 2 LT, A TMEE HGCHER
TV EHEOAHEBRRC AL I ADEEHIZHFSTES., ZLUT, IVE=T VY AANTREIK
Ji5 S5 DY 5 B R ERATE D BRI EY, o B X SR BREE O A IR % X0 FE B AT X A B S 0D B e A%
Wo 2% DRWHIZBEWT, BHAIATEHWEZLF2) T4 VAT LOMB(AEMS Z L H3 A6
L%, F7z, HHMGE NG E UBIEGEEEME YT T v EDEF 2 ) T 1 DA OHE
WZHEHTAZET, EXa) T4 VAT LADMNIMIEE SO B ENRTES.

B GRS A2 BHEDEF 2 ) T4 VAT LAICHEMT 5201213, BEREOEIZE VAL
%2 0DKEREENDH S, 1 DHOFHEIE, BRORZAOEIIINT 2HEXTHS. HRORZ
DEAIZH S DX 1%, HRGRESEDRIAZMEOZC X EGTh 0T ROFENEIT 2K,
AW FEN SRR IC & 0 EfGRTP OEENE S FFIZRD SNDS. 2 OHDMEIE, ADRX DI
W BEEXTHE. ADORZDOEZT 2SI, I A THMADEMZ LD EGETDOADR
ENEDLBERFR, ANOEEIZE DEHETDOADKE INE(T ERFICRD NS,

COBRBEMEDOEMZEVELZ2ERB L CADRZDOZEAIE, o2 @) @mﬁ&miak
SLWEEZITAHI LITh5b. 51T, WG CRHNRICHN ZZ1) 5. BfEZREREMN D5
ﬁ%ﬁ<ﬁﬁé%fbéﬁﬁ?ﬁ,ﬁ%%ﬁﬁib«—ﬂﬁ@ﬁtﬁmth—z’@6%,m&ﬂ
%tﬁ%é%ﬁ@@ﬁi@%ﬁﬁbmk IR OBRG RBNIIRONT WS, —F, &)
VERRGREAMT T, £ D2 DEMI AT OB E ZERIICERN T 572012, EHGHOIEK?E £
nTwa., iz, ﬁﬁx7@%@®%%W%m@5#b‘,m&ﬁ%t?5ﬁ¢®ﬁﬁwﬁ
kﬁ%iMTwé.t#:UT4yZTAwaf AR Y T AEEOREEIL, HIRDIUGE L
MO D WEEOEHED = — X HRBEW. RWT, BEHAA S SREL RS EE2 ¥ 2V
TA VAT LAPSNTIGHT 272012, HENLZEELZEDZTE R0 % < OFBEOH)IF % FR3
HLITHIENEENTVS

1.2 WEERN

AWFETIE, BFERRFEE EFHENEEZ2HWEZEERBO 7L -7 =2 2BEL, 7L —A
7 — 7 OHREFRTH 2 EERE, YRR S X OBERBOSKEEZER T 2HNE T 5.
Rz EE & 1%, BEgh o 1 7V —ANOEGORAIZINAT, BEgo7 LV —AMTHEL S
FEZOERERA-REETHS. ZORERNFBEZEATLI I LIZLD, BlEREZTRE L
FRETHWOND RADOERICMATZ L —LMICEU B EOEHREZFIHT 5 Z L B A]FE L 72
D, BERENRINCRHERT HZ LML RS, AFETIRIO T L —L T =212k b, BESMA



DEMZEVELZBERBITADORZDEMIIH LT, HEELBERBEMOERZHIES. =
LT, XOIEWEPH DG % BERSOEHEGMmE 52 2%, LY%< ORBEOBEL RHTR
ETBILT, X2V T VATLALBIIE=—XILGAB I 2HNE TS,

AWFETIZET, AT HEGETOEFEPKIB 1D EFN G2 AT 2RI T ICB VT, Bt
DELDOHEZIMIE LR S B RAMNC L VEMARERAIT 2 FIEE2IEET L. ¥Fa2V T4 VAT A
IZBWTEM D A T 134 RERBICRBIND 20, BARAITIZE JEGRO 22 IGT
ELFEMNRDENT VWS, REFETE, HIMIERTOLLEEMFHEEZHVTFHFELT
BLZ LT, BROAZINEAL THEMAZMIE L D D8R Z EEIC AT 5 Z L A AEEIC 4R 5.

WRIZ, AR TIHERPICT AN L = RXPEEMICE S 25HICBWT, KRR
EHEZFH U CERICIRE T 5 NOBEEZ LT 2 FEEZRET L. ¥XFa )74 VAT A
BWT, HUZEET 2 L5 R AOFEIFEEREHNRTH 5720, Z OmEIF OB % FHi#c
DT HFHEIFRN=— WD D, WEFETIE, X TEEG T O/NEIR O i C R 22 R R A
ANDZ&M %73 AN EZ BT 5. ASHIRNIZ B 1) 2 22 HIRHEE 2 W CEFEN RO 0 3EEH
M2Dh2HESTHIET, TAHL—XDATY 7O E LB OBELZ ¥ T 5.

MATAMIETIZ, HEMEGYL T 2HWEZ 8T, ADORZDEMITH U THfd 28 /E RS
DFEERET 5. FHEEtEG L o P IZEGTOXERADEMZEHIT 2T N1 A TH D, Time Of
Flight(ToF) * Light Coding S D% DD A XA B 5. 2010 4T EkEEE B> D BAf 72 BE A 5 > B
DEFMRRFE I N Z L TEHEHEN EV > T\ 5. FHEfES L VI & 0 IS5 2 BEEmS 1, o4
HXHEDINLOEE ZIHI S WREDY® 5 L AR, BREEEHRZ AW T ADAE PR % EE

WHRZDZ LI E D BERBEFERICTE DL VWO REND 5.

%% @%ﬁm#ﬁwmu IBWT, AR TIEFEER L RHBNFOMT A A THEANEIT 25

, ADEEDEMPRIETHE 2 LRI EE L 0L L 2BFERBOFEZRE TS, 22
THA FHRDOZEA, @M”F‘é‘é)\}:ﬁ% 7®$ﬁiﬂ‘ﬂ’97ﬁﬁ{4%®’\4tﬁ)b%$b [ —7H A Z NI
WCTADHEVPEDLLGAEX, FA—DANERZLIMEDARATPOSEYTHEEIZELS. £Fa

U%4V1%A*£wf,m%i%@@%ﬂtwot$wL%W¢éA@ﬁ%#mibtmaﬁm
REMEA RN R T HGEICRE L 2D, BFIIRAZREAIZAA T 2RET S5O ICHE L 2
5. RETHETIE, TTEHREON A FHAITE T 2 B GO E#/7»#wa7ﬁ£%ﬁ
EXEBO=ZE T — 28 K OREMREEEZERT 5 2 2T, ERHEHFEAND A A T AR
bt%ﬁ%%%%ﬁ?é %bf,_w%ﬁ%%&m&ﬁ@wX7ﬁﬁ FBDEDY > T
5, RO ANDMEIZHE L 2R EBET 5. Znicky, FEY Y ILVONEDOFH %2 /N
SHRZRDS, B ATHMHPEALU 72RO NDOEMEZE RIFIZERHT 5.

51T, ARMZETIE, FEEEEGE VY 2 W2 8ERERE 2 K OGATCEH LT 201z, B
BEE G Y CEET B ANDIEEEASE WG EIZEWT, AD A E AT A TRIBT 2R
R U 7= BERRR TR 2 IR E T 5. TUR—XNOERI A FIZEET 2 ADIELIZHRA T E2H
BETBHT—ADRDHY, ZOLD%tFa) T4 VAT LTIEADEHARD I EAIMIITART /-
o, REFRMES KBTS 220, BEREINEL 5. 22T, ﬁ%%&fik@b#
T ORpZE MR R E KRB LW e & ORZE M EEOHEBIMEZRIA L ZRRH#EEIC LD, K2y



BERZAIES 2 Z & TEHERMOME2ZLET 5.

1.3 XX DK

A, B 11ICRT 7T OOETHERINTWS, 1 ETIE, KXOBEREHNEZ R, 2
HTIE, RESCTHOV SRFERFFBEICDOWTIRARS. BIN, 3HE 4ETIE, A THBEEZIRE
U 7= B ERERAREART, 5 % & 6 T CIXPEREEER %2 R & U - Bl G OW TS, 3ET
1E, RERREEZ HWEERETIVCEDEERRANCOVWTIRR S, 4 ®ETIE, RZERREE &R
FHAEE 2 W BEEERHICOWTIRR S, 5 E T, HEEEGOERMFEZE 2 A5 2 ThH
AT DR DZANTBHRE L =B ERFRIZ DWW TR S, 6 BT, NDHEKRO—HEAREBELZLED
M Ze AR 2 IR 2 W CHHIE S 2 2 & C, R U 2RISR U Cifg 2 3 /E2ikic o »W T

HARZ. 7TETIE, ARXOMEREBELRIZIOVWTHRRS,

2E HEREFHE
HASER DR ERMFHE
I ER DR ERMHE

BRRAA~ OIS A

3E MERBHBEZAL:
BERETIICELDENREA

BEBED BABERICLD
BHA~ DR MIRTEDE £
4E BERFBEORENFEE 58 HHERO=-EREMZA:
ZRAVEEEBFRE AR RFE (L DEERE
e EE
DIHIEIZLD
i FAEEFE D HE K

6F [EIRHEEICLDRIBIEHER
D ZERFHERIE

7E. HEmEcRE

L.1: A DAL



B2E

22 =

R R, BEETD 1 7V —2HNORZDOERE 7 L — LR OE) & OIERZ FRKFIZHE X
LREETHD. Z ORZEEREEIE, BIRDE A NOBIEE ORMIZZ(L T 255 % 83 %
BUZHE U 7-EETH 5. REMFEEE 2 AV - BEEERMRIEL, A THEZSRE UZFENE
THo7=h, HEEEGL b OMBl %22 T, B4 T — X 2R ULZFEEHEATETNS

AETE, FTEFa VT4 VAT LR EREALE UZBROR 2 MR EE & HEHEE 2w
EEERED 7V — LT — 22 RRE, ZDT7 VL —AT—2TIE, EHARE, Wik, BhERE
DEWREZERBELE L TS, R, TOT7L—LT7—2IHEMATRER A A T EiGE & OFRHME & %
W R DRI MEDO Y —RAIZDWTRR S, X512, H A T 5 & 5 Ao k22 [
WEDHEIZOWTIRR S,



2.1 BEEREHEORETNEE 2B W EERED 7 L —
LD—9

¥ TFA VAT LEEREMAEE U-BRORZEREHEE & HEt S %2 v 78RR 7
V=T =2 %K 211ZRT. K7L —LU—=2121F, KRELS DU TER 72— XL B#HT = — AN
Hb. FPT - ATlE, REIGER L 7Z2E@BO 7L =200 X FHEiGE U  IZEEEEE GO 3
Yo Tp S IERREEZ M U, il U2 R2EEREE 2 A & UGS EI &0 Bk
W, WRRRH, BIEREROEBIET VEMEL TEL. Bz —ATlE, FT¥EEOT7—X
ERBRIZH A ZHEGS U < IXFEREEG D o 2R EE 2 i 5. kI, EHNICEINICERE L
TMAI T ) TN DRz R R & A A & S RAE 2R A E T VIS LAEDESZ L
T, MAIT Y 7 NOERDEAZ AT S (BIRRA. RIZ, EADPEA LRI Y 7 N DRz
%%@%%%%a%%%ﬂ%?éﬁ%%?»’%ébAbﬁé LT, NEHT IV OWREKRIE
5 (kR BBz, B U 2P RSEIR N O R RRE R 2 R e U, EifE0REEZ RT3
ﬁ%%%»’%%bAbﬁé_t@,%%@%m@ﬁ@%mﬁ?é(ﬁwm&)MMT B ARMRAL
%w@m B ERRRR O i & R BB L TR 2 2 & T, MRDTEI 2T 5 Z LAt T

% (1TEhERR). T OfTERGEIL, BERRE R TR BERE E OERERBT A e 2T,
BlIZ X, BEROMAE 2N R L T 256, £THRGNOFERFTOBIAZ AL (BIAMRE), B
RERRENU 72T 20 5B F R R — V2L U (AR, & FORERPFTERCE S (BIfERHR) ©
A NETIE, THEROAEGDORNEZZMT 2 eV TE S (ITHREH).

i HEHOPBILD
i > RZEEEEOHE —> BRI L O
i EN{RIRM D MERE D EBERBOD
i HAETIL BAIETIL EAETIL

t H

/ ': (a) FEI7x—X
2311 [ L Y
or 1 v v

IR ES —> BEMSUOME —> BiARD —> DkBRE —> BERE
! I |

|
,] Q
to? )
=4

)

N\ AN N
BAITUT~D 10N BiED
BIEOEADBE | EEOBH ik
v
ABRE

____________________________________________________________________________________________

) BTI—2

B 2.1 KRR OREHZEE 2 DB D 7 L — LT — 2.



AN TIE, B21IRST 7V —AT =27 DT, BIRRAL Ydkiii, BhyEataso sl z moen
Re$5. BHERA, WERES JOCEFERHRE, M21 80570 —L7—20Y 7y FTH
0, TNTNHMTEF 2 ) T+ VAT AIIBWTHEHLREAMTHSD. BERMRANE, BEHTY
T ANDIRAZRAT D&, BT ENEFEOEEMFK, HTFHORENDRADRANZEWTEH
HT®H 5. WAL, REMBEOYEEZMRET 2 H®, HIZIXIH AL ZLECEALZAX
BRI T D HRICBWTHMTH 5. BIfFREIE, LR FHICER T 2B/EOR, HlZIX#
TUFRIZHET D KD HWP, HHIZHET D CEREIEOEF 23T 2 HRIZBWTHHATH 5.

2.2 AWATEFEZWNRE L-RFEESHE

AREITE, REINTHERE L 720 X SR Z TR E URERRBEEICOWTENRS. X J G
G E U R ERR R, R 2.1ITRT X 51T, B B\ CRpZE R R & Al 3 2 22
B & ORI R BAL DA I IS U T, REUK, NEE, BB, ) a—2icKilcEs. M
T, ZORMEIZARER R ERREEIZOWTER S,

F 2.1: A ZEiGENR e U R2E R ORI

T Gz B 1) 2 I — 44
RN e I—F—5i, MNMEROBIHNLE
NS H NSy F
EZ L) H BEINZ ML, B
A a—»A JA Rzl DR 7 v

2.2.1 BEHABRMNORZEESHE

AREIT, RREINTER L 7277 A Z i DR 2 AL U IR R EE I OWTIER 5. K
BRR AL L U 7- R 22 MR I, B IZ B\ TS D5 2 Tl 72 TR 2 il U, = DR
N U 3T QRO S P O BB o 22 R E 2 fhit 3 5.

B Space-Time Interest Points

Space-Time Interest Points[1] &, NV AD 3 —F—#il 2] ZRZEEICILR LU ZFETH O, B
P OS2 T 5L TH 5. Space-Time Interest Points ZHH 3 5121%, 7V—LtD



WG E (v,y) & L7z2 &, [FHu 2R (2.1) D& ITkD B,

L2 L,L, L.Li
p=| L,L, L> L,L (2.1)
LoLe LyLy L}

L%, Aoy 7Y 74 NVRENFIEZY =T Y ANSEET S 1 IRBABEETHE. X (22) ITRT
a—F — IR H ORKAE & 72 1750 p D (x,y,t) ZFEMICE T 2S5,

H = det (i) — ktrace®(u) (2.2)

ZIZT, RIFFENRE T2 AATHEGITIGU T, WY —FmiPMRIE I N5 & 5 ICERIIZHRE
TEBEDOHBNTA—XTH 5. 2.21Z, Space-Time Interest Points DIl % 7R 9. 2.2
WRSHITE, [ UREMORBARDAA» O FRIRIEFICEVWTHHEIRDGHE L ELSIRSS
BEWANTHIENTRTHLILEZRLTVS.

@) FEIRDEE 1 EL (b) F =2 EE | EWV

2.2: Space-Time Interest Points O HIHI (CHk [1] 225 51H).

SCHR [3] T, Space-Time Interest Points THH U 72 RHEUR & Huls & U 72§22/ 8y 95, His-
togram of Oriented Gradients(HoG)[4] R & XN 2 AFL SO A~ 7 F Lk, Histogram of
Optical Flow(HoF)[5] S IIEN 24 TTF 4 hV70—DL A NI LB L, —BkEHE
FTHW 5N 5 Bag of Features(BoF)[6] & M 2 4G E & FIV CBE > — > O fE 2
FBT B FEPREINTNS.

2.2.2 /NRBEBEAMOREEREE

ARHITIE, R ERE U 72 0 A Z iR D /NEIk E AL & U 72 IR R R I D W Tl R B )



R e AL & U 7o 22 AR R U, B v D /NGRS T, RS B OD &) LA 12 K D /NI
WRN O R ZPH & OREE 2T 5.

B Space Time Patch & (ST-Patch HF#E)

Space Time Patch Fff#& (ST-Patch i) (7] %, Bhilio =M E K CRENZRBEAD /Ny F
ZRAE LTy FHNORA LB E 2R A SREETH L. ST-Patch Fiffud, iz Il 512
HRFEEEGORAEBIZE TS5, &2y, t HOARMES kO S5ND. HHOKEHED S
&, M231ZRT &SI, Py, Py, P, D3 DDHEMEZ R ORZEE AR BTSN S, 7L — A THI
JEZEAL I e IR, Z DIFZERI AL, SEEOBE ML ERT S, ZORZEHREE D 2 RAHE
OB TAR Y 7 L7178 G 12 DiETTH GT 287217512 M &£ 9 5.

ZP:EQ EPxPy ZPa:Pt
M=G"G=| PP, P2 Y. PP (2:3)

> PP, Y PP, P

________ ~ BEFEARS R
7 //’ [u.va

L=

Space=T ime pafch
’ K

2.3: ST-Patch &,
THI M D1 DD ST-Patch PS5BS NIRME L 5. 175 M DL LED 2 x 2175 TR X DIER,

ZTUPNTEHEDFEREREL TWAE. 22T, 78I MIE 3 x 3 DAMITHITH 5728, 175 M 5
SEMULWITHIERZMH T 2 &K (24) ITRT 6 IEDONRT ML EiR5.

v = [Z ng,ZPzPy,ZP;,ZPth,ZPyPt,ZPE] (2.4)



ST-Patch R %2 W CArE€ OEIfEZ M 2121k, 7> 7L — MEIEOEZHALD ST-Patch
g2 ANFHEGEOE Ny FORLEZHWTHRRT DI LICLVEBETE S, X2.41%, B
IZBWTADRTF2IRS, MOBkKD, SHEOMBEROMEZRLTWS [7]. ZOfth, ST-Patch
R, x> b okt 8], BIfEORA (9], BEA MM OV [10], 71y MREROHEE
[11], ¥— VR OB [12], SHPREOFI [13] FADHEHASRREIN TV D

ARMEHER

| . B |
Low ~#———— High
W|EE

2.4: ST-Patch (2 & 2FEEFEDOM A (STHR (7] 25 51H).

B Cubic Higher-order Local Auto-Correlation(CHLAC)

Cubic Higher-order Local Auto-Correlation(CHLAC) R [14] (%, &k EE&N O R AT AN O
T AF v IR ERA - HLAC R [15) IR &2 i 2 T ZROTICIR L 723 D TH b, B+
DRFEIRAO R A LB & 2 RET 2R MREE TH 5. CHLAC IF, ViAEREATE HBE &
EIFIENS. CHLAC HMO N RE CHBBEROEREOBIER (2.5) O & 5104 5.

f (ag,...,« /f r+oq)... f(r+ay)dr (2.5)

2T, fIIRERA 2 fEAEHE, r 1 XESRAND 2 POTHEGEERE, NEOZEMAZ—Y a;(i=1,...,N)

VBN D = IRGTERE (2, y,t) DRFT 3 EHEDRY MV ERT. K 2.5(a) IZ CHLAC DR /S X —
v O %9 . CHLAC R id, RERIRICERi L7z 3 207 L — AMESEGY? S, K 2.5(b) 12
RTEDITENMNR—VEBIZHEHET 22V E T NLTRD S,
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[ / n-2_.n-1, n ,\
"e—w o
- i

ntl P
¢ 5B =y ﬁ ?j ﬁ
3

padil) * ﬂ

ey sy TS —icaaTs|

P — 3 g . CORLOADI R | =

A;‘ /W [ L) a' } t+2 frame -
l(@—)%ﬁﬁ t frame flz_.-m

‘\151 ~T /

t+1 frame
(b) CHLACHHZ D H

n-3 n-2 | n-1| n
L

—
Jfo

(a) CHLACKHHEDZE I/ \2—>

2.5: CHLAC F%E.

R E

2w /

R Nt 2

X 2.6: CHLAC (2 & % BB E DMk,

SCHR [16] TIE, EEEED Sl U7z CHLAC Ffih SHEL 28 n M2 VT, B#%E0R
HWEIERAZEHL TW5. BEEEOY Y 7V IZHEICBI S W20 2d R IchHT 5 2 e
LW, TZT, FHEARTIE, BEBE» 5RO CHLAC FEOAZHWT, %Rz o
REEEL TH L. HIERITIX, AN EHEGO CHLAC Rz fERR U 7230 25 M2 U, BEEEZ ke
5. TRk, K26 ITRTHRIC, B U TORIBEAKRE WG S EZ REIFEL L THRIT S Z
EDIREE 725, 3K [17] TIX, Z@ CHLAC 26 L7 U R— X NORFEHFEMMARES
TW5.

2.2.3 RBEIEMBEBAMORERSEHE

AREITIE, RIS U 72 A T iR b OB Eibh 2 8407 & U 72 KRR EE IOV TIER 5.
MBS 2 AL & U 72 PSRRI, B ICS W TEE 7 L — AR 0B L 72 G0
o RRzMHT 5.
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B oO0—A~xJ M

TH—=RZ MUIE, HEFIZEWTEEREL 2 2 RZMOM SN2 BRI 5 Z 2T, HEFOBE)
D E L HMEFHIT 2FETH S [18]. EMARMOILARN L FHEE LT, BHIATORERT L —
LOFHHR EIZTAK VWL NT WS, £z, XML [19] TIE, TVR=XONITHO 7B —~ZT ML
EREL, TOT780—RZ MNVOHE, FHF, SREOSAIER O Z2GHT 5 2 & &2 &M, 2
NORFEFEEZRET 2 FIEVREI LTV S.

B ZRBBNTORHE

BB E VS FIETI, M2.7() IRT LI, ET7V—ATBVWTEEMEELY S Iy
FALU 7z di 2 SR TIROBE R EREME L Thr e, T2 TV —LICE-> TEHT S Z
ETELBEWBIORBE LTS, 2 LT, EBEBFOLMEY S HoG, HoF, $ & U Motion
Boundary Histogram(MBH)[20] & XN 28 & DR 2 H# 2 2 FE % AW T, BB Ok
& (dense trajectory description) Z 92 [21]. SCHk [21] Tk Z O LB B & BoF[6] & I
ENBHEHNEEEZ WS Z & T, Bk OEE [22] X web OB T A2 Y v T O HEMZZEE
[23] ZFFELTW5

72, ik [24] T, Difference of Gaussian(DoG) & MEXI 2 AT — )b A~ — A DRGAE R %
FWTHEE 2 SRz il U, Rz hE Nz SIFT FiEiE [25] & Mean Shift ¥ [26] & W
THB T V—LIZHE->TEIT 2 2 & T, EHEFPOFEICADN DD S ELBEH 2 G0, 2
OBEIFOEE L BE A 2 REE e U Tl 2 AEPREI N TWS. Gk 27 T, 20
BEBF ORI E & TERMEF T2 2L T, NROBEEL HROEY a7 71—V ay, 256

ICIEHERO 70—~ bVOFAZFEFNEE T D LI2 ko TET IV RGBT 2 ZREBHEOKR
HNZHWS HEMREINT WS,

12



BHEBGEDRD ERBEICETIFEMADEN  BBHMOAEOSMET T
B R OHH

A HOG HOF MBH

(b) BEVEABR D HFER DI

2.7: BRI HTBIRO ML D Sk B & OHHE OB (STt [21] 25 1),

(BB DBIER (bRBEORHER ()1 ES RO A 2
2.8: RO OB BN OB HHRE R & ISR OB R [27) 2551 H).

2.2.4 R a1—LBMNORTEEEHE

AHITE, REAICEBG U2 A SEGFRORY) a—Lz2 A e UZRERIZOWTENS, K
Voa—A%RALE U IRZERRHEE T BN O LR OFEEZEHR T L — L2 BE LUK
Va—LhoRlZAeHESOREEZMTIT.
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B Motion History Image(MHI)

Motion History Image(MHI)[28] i%, i D Z8bD A4 R4 D JE I % IR fE T Ri sk U 7= R
TH5. H5NHt DWEERE (v,y) 2B 5 MHI O H(z,y,t) 1%, 87— AKX (2.6) DRRIZER
5. X (26)1I28VWT, D(z,y,t) € {0,1} 1%, Wl t DRERE (z,y) ICB 22O EHKERL,
D(z,y,t) =1 D& ELVFHEL, D(x,y,t) =0 TEHEIFFHEEL TRV, 22T, D(z,y,t)
TOEMENE, 2Lz 7 V—AMESDHITHD. £72K(2.6) ITBWT, 7IFEDEA L
77U MEETHS., X (26)12L0 MHI TR, BT7V—4057 7L —LNNOHMIZENT, &
WIRZITZAE D FE U - H R O IHEAMEL, FRTORZITEILBFAE L - HEDOHE D < KRB
N5, 7z, 7V =406 17 7V —LHUNIZZEADEC S o ZEZEDIHEIZ 012745,

Hz,yt) { T if D(z,y,t)

t)=1
(2.6)
max(0, H(z,y,t —1)—1) if D(x,y,t) =0

MHI Ti%, X (2.7) ZHWTHTZ L =205 X1 L7 7 MR 7 PIZ 1B EZALAE U 72 [ 55
EHHL, EfE LAV T2 avTEIeNTESL. ZOMHIZHVWTE I A YT —Ya vl
N7-88K %, Motion Energy Image(MEI) & FEIXN 5.

B 5 1 if H(z,y,t) >0 27)
‘/L.ﬂ y? = :
0 if H(z,y,t)=0

ADREEE % T BHEOH A FHEifkE MHI & MEL Of% X 2.9 12R3. X2.9 D (b)MHI Tl3E
O E) 258 U CH Sl 2R OHENE <, (o)MEI CIEROEIEZ @ U TADOEEHAED
HHEERHH I N T WS Z b5,

PAESRs 7= MHI $ & O MEI %* 5 1%, Hu Moment % [29] T7TXITLDOE— AV bEFHAETELZ &
THRZEMFF S EZFIHE T 5. 2O Hu Moment J£i21%, FArBEIE K CERICH L TAZ L WD
ENbH 5.

72 MHI 5 1%, EfhoARMEZFIHT S 2T, B bRz TEs. 22 TR,
9 MHI HED KM (z,y) (CBWT, HAMS L OCBAROBEAR F,(x,y), F,(z,y) 2R,
WIS 2 DDREAFLDETAE ¢(z,y) 2R (2.8) TRDB. ZOHFS ¢(x,y) 1%, FHEHE
2B BEEDAMERT. EEFIZEWT, SISEAOREEZ M T 5121%, RN O &I
B 2HE S ¢(x,y) DEA RN T LERDD., ZOLANTT LI, TOBERNICE TS KIS
REEOAAEERLTNS.

¢(x,y) = arctan(Fy (z,y)/ Fo(2,y)) (2.8)

SCHR [28] Tk, 2@ MHI Z HWTHIT RO F 2 RS & Vo IR REIER, Y2 AF ¥ D
e iRk T 2 FEMREINT WS,

14



JL—L 0 JL—L 10 JL—L 20 JL—.1s 30 JL—L 40
(a) hATEE

'
<

(b) MHI (Motion History Image)

IEAEEEREN

(c) MEI (Motion Energy Image)

[ 2.9: AWHOEE %2 T B0 A FHEiE MHI & MEI O] (SR [28] 5> 5 31 H).

B Volumetric Features

XHR 8] T, ¥ AV TF—yarvInz@EEe 7> 7L — % Volumetric Features & IEIX#
LIFERREEEZANWTY Yy F 795 L TREDHFEZRIIT 2 FEMREINTWS. £,
HjE|ff % Spatio-Temporal Segmentation[30] & F\ CEjE O & & RIGHZFHIZRY 2 — 4
T A YT =2 ard s R, BTAVSISNEHEGET VTV DR a— AT — X%
NvFUIEE. Xy FUYITOBIE, BREROY Yy F U OB LB EHERO Yy F U IR E
MEd 5. 1 A7y THTE, BREROY Y F v I7ODICHBEGHEOH SMELTY T — R
DXy FUIHEERENTS. 227y THTR, BIZOHROTY F 2710327 AV Itk
Y 2 —LIZBWTHTR D ST-Patch FiEZH L, 2 DDFRY 2 — LMD ST-Patch R O XEEL
BaexyF U IHEME TS ZUTED, TV MCERINEEEANZ - e —EDRY 2 —
LT =REDIYF UL VEELZRET S Z LA REL 5.

UL2L, NOEWENRX =V 3T H 2720, ZLDHEVEEINEEENX -V Oy F U I7E
Wi L7256, 22T, R a—LT—XE2LREOAMETHMALL, Parts-based Model DT > 7L —
FEERT 281280, v FUIOHEEZAEIETWS. ZOFEXERVEMICH BRI

15



BOWTHEEMENATEETH . TD=H, NBO VRS WGATIIIERBEI NN ATITEBEHPE
BY AT AANDIGAPREEEI NS, Volumetric Feature D7 > 7L — b, ¥ELUEEHE, EEOZF#BD
Hil% ™ 2.10 12T

(@) FERBBEDTUIL—F (b)) FUTL—hEANEGEOEYEHE

Jumping jacks Ple -up Wave
(c) EVEAR A

2.10: Volumetric Features OB (SCwk [8] 25 5[ H).

2.3 EREERZNRE LKRZEREHE

AREITIE, BEEEE G E BUE T 5 72O Ot Y, PR R & R 2 U 7z RS R O K
A, KA ORZERFFEDONRREI S XK OCZ 0L OVWTHRS, 25, ﬁ% BENgL L
7R FIR R OIS, BIERESETH D, T, B E S A, EEEND
HF R ANEL R B T — XA BHS T E 5720, K21 D7V —L7T— 7$Tﬁwmﬁ®m&
H HENABI S L ORI, Z2< DAL VW TEREANEDOM SR HIETEETE L2
THhsb.

2.3.1 FREfEEE Y

PREE R & o Y IR R R 2 D CilifGrh O & R QR 2 GRS 2 TN A TH b, B
B3 Z OEME G Y THR I NZEGTH S, BEEE G T ITIEE D DFHI O S RBFAE
T25M, AR Z 2 OO HFABRKXNTH S, 1 DHOARIZ, AR T holkaMNeE RS LYK
IR U T A A ZIZE#ES 5 £ CORITIERZ FHI 9 % Time of Flight(ToF) 5 [31] TH%. 2D
HOARE, FHELRAKICEENNZ -V 2L, TONZ— 2% =flEIZ & D EHIIT % Light

16



Coding /iR [32] THB. ToF /ixs & U Light Coding /i ADRKM T N1 2% K 2.11 2R T.
%7z, Light Coding 5= CHUS U 7= BB E S D F % X 2.12 1Z/RT.

Z DEABEE G > Y D EEBEE
Mol

i, DI AT DG TIZNEETH > 72 ZRTEMF DO ANDALERTIRE DR AR Z 5 Z
EMMTES. F£72, 2010 FFEHP S TN S HHEBEE &Y > Y OB ER, X2V T4 VAT L%
FUDL ULAEEVATLADOHEARHFINTWS

(a) Swiss Ranger£t SR-4000 (b) Microsofttt Kinect™
(ToF A=) (LightCoding A =)

B4 2.11: BREEEER Y > Y OREMH.

25m

“h
(...

HyusE =
= |

0.0m

(@) hZ—EfR (b) EEBHEIR

2.12: gk OH.

PHEEER 21X, S SICAND 3 DOREND 5.

o RN EHFNT BNERDZDIZ, MIBERETIZEWT, 7 AJHBETRHEL L-TE
A VIEEIRHRBERD ) A RDEE R ZIT I\,

o HHEtEHRZRDS Z LT, HEOAENLNLOLEEZZIT L.

o HHRNREDIRI T 7 A N —ERHBIE S 72\ = iz, NEind

ST CD 7T T A N — DS RE % B
I3,
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2.3.2 EREEJRZNRE LCRZERFHEDER

PREEE G % WS & U - 2o M E o K 2 5K 2.2 1259, BN, FEME, 270 by, mHED
BEZHToNS. HlEEE X, EREEGThO&EZEICE T B IEHEG Y Y2 oYk E T O
NI

FEROAT IV N U hoik, 21807V —07— 2 hOBERHEICHR < Bl 5 A DR D I % B
BTEL. FIZ, ATV N VEANOEEMEDO T —X &AW Z LT, X OBEHREDOSL VEIEREY
AReE 5. TD—f, BURTIEAT IV b v ORGP AES T E M E Gt > ¥ 8 X MR
BRoNnd7-o0z, FEET — 2 O A% S KRR & RS ERAEDOH TE 5.

# 2.2: FEBEEGE G E Uz Rz R EE o K.

Wil M | PN

P T — & A &
a1 N e 1

A b v+ T — & % 1%

2.3.3 EEEHEABVW/IREESEE

PREE 2 O 72 REZE TR T, BB R b O R HI B O BEEEE, A2 S O 2RI F 72 XK
IR OE RO AT LT, ARMEDFREFICEID AORZA LEFESE2MATS. £/, B
B {5 % PO 72 P2 R R © 1, BB SR O R EE O M2, HEEBROETF L EHWTE
IRTCPERE (2,9, 2) \CEBMU TR SRIROEE 2T Z & T, ZIRIEHHRICEIVZADRZ LB
EHHT 5. il U2 RE R EE, MG A GbE S 28T, ADY T AF Y EDEM
K72 BIEXR, S22 OHRNBEEDORFBICHW O NS, DUF, HHEEE& 2 H - EE s
FOZO@EMAFNZONTIRR S,

SCHR [33] TlE, BEEEERD 7 L — LRIZE D TR D25 3RO ZIRIT A % B 72 R 2SR R DS B
RHINTWS., ZORZEREE X, Edit Distance JEIZ X ABHEA T TV HlAEHLES Z L
T, VI AF ¥ OEFEFHRICHoNT VS,

Gk [34] T, BEEEEGTOADOY IV Ty MR E L, EH, BEMEO 3 DOVEIZEE Lm0
etk % W - G2 ME P IRE I N T WS, Z ORISR IR, BEREDEBE T ILEZ AV
EEA T TV EAGDE S Z LT, BUFEOEBHLEEORFBCHNGNTVDS

SCHK [35] T, BREEEG O /NN O BEEEO BAE 2 O 72 IPERREE M RE I T 0. Z
DRz R X, Joint-Boosting & FEIXN 5 #lldr L fllAGHE S Z & T, MY &Yk % HY
DEZTEMEDORFRICHV N T WD

SCHR [36] T, FEBEEERFOF —R A > b O REEEEC R LB 515 2 BoF TR MVET
{6 U 7= W2 RS R T O MHL D& — A > b & W 2SR AR R I T W 5B, 20 S e

18



FifiE13, Support Vector Machine(SVM) (2 & 2 E/E 7 7 3V DY & flAGHES Z & T, @bk
FOHEHEOTFHVONTNS.

SCHR [37) T, BB OE REN TRD VT Y N o 3 —F — 0D %2 W RS o 22 R
BAREINTWVS (X2.13) . Z ORFEFRFEEIX, SHREICL2REERET VKL AT TV
Rl HAGDE S Z 2T, FriRdFOEMNLBEOTMIZHNSNTNS.

Sk [38] T, BREEE G O ANDRE D S RO FZIERRR T NIV ORFER VAT B T B EED S
KD AN T LAV RERBEENMREINTVS (K 2.14). 2 TRZERELVTE, 8
fEH T 3V EOHBAEL 225802, HESREAINTVNS. I OREMREERIZ, SVMIZL3
BEA T IVHBEHMAGDESLZ LT, FOYVLAF YEMER, WEHSPELEDHHEEHED
R HNs T WS,

(a) EEBEEIR (b) AFEIIRH BRTERT) (c) AI—F =i

X 2.13: BREfEEGRE O ND 3 —F % W7 IR EE GGk (37 2551 H).

dbi

(a) FBBATRIL (b) FrZEfE L () ERNT S LEHE

2.14: PEREEGR T DN DIEREN 7 ML & D722 B EE (SCHR [38] 22551 H).

2.34 XTI MV ERAVEBEESHE

REITIE, A7 Y ORMAE, ATV b OBE BRSO, 270 L HE
ZHWZRERRBEEIIOVWTIERR S,
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B X5 hYOERBAE

ANDZTV kv eld, FEEtEEGTH DO ANZN TN DI E L Vo HfSDMEZ T T 5
DTHD. A7V HOBEOMEDSIE, AOFMREHBOMEHRIMETE 5. 2011 12, &
FEE DD ) TIVRA LEREWFIED, SR [39) I THREI N, £z, SCR[39) DAT IV F D
ik & 325 U 72 Software Development Kit(SDK) A% Microsoft fhr Sk Z &h s, <D
ETRHHAINTWS. 20 SDK (XA D Personal Computer(PC) TE S Al g2 — /5, [HEk
OFF#EE R Y > P O Kinect ™ 2 WA Z 2y, AHEOARL =Y a VY AT L LEERET Ty N T+ —
L5 ZERZITS.

CHR [39] Ti, FEOBERBIIEWT, 9 AOHEMERT —X0FEY Vi AMEET VDAY
Ca—R75 74y 7 hofflid 5. RIZ, FEHOEMEGD» S, FEE s U GEHBERIZBITS
RO 2MFEDEE KX (2.9) 12X bk, REA (Random Forest) FDENIE ) — ROZML T 5.

fo(I,x) = d; (a: + ﬁ) —d; (:1:+ %) (2.9)

E§RFES, o HEHER, u,v FSRERZBETIEGENDORZ bV, dr(.) (FEEE O
lThd. BFBEFIZIE, T, ZHUALRERIC L BESA—Y ZERFHIHNT 5, I, HEG
DFAIFER D 5 Mean Shift 7 7 AX V) VAT X D R=VEEKET HZ LT, GHRS—YDEEH
HifiiE 2 HEE T 5. REHET OB A X 2.15(a), HHT 2R Z X 2.15(b) (2R

B12.15(a) TRUZAT IV b i, EEOHEMEHRDO AL S S @I T Z TR TH 5.
COFETRBINZAT VIV, Y2 AFYEIEEHVETY —LDa—Y (X272 —L L
TILLMAZTNTVS

; ) 5 [}
depth image = bodyparts = 3D joint proposals 0/%2
(a) ZFHEE DIEBTE (b) EEBEEIRD S DR E

X 2.15: PFEEEEG O R 7V b > OB (SCHk [39] 2 5 51H).
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BRIy DHFERW-EHEEEHE

SCHR [40] T, 587 L — ANO BRI OB B S 2 W R2EHBEESMRE I N TV (X 2.16).
Z ORFEREHEEIL, M 216 ICRTHEZEEN T TV EORE I L LR L TEHEVWAIT 2T
LS ITRBARD oNzu VAT oy VRl EMAGDED LT, RE, £5, HLEORERNL
FEOFFICHON N T WS,

SCHR [41] T, BTBECTAT IV N Y OFFEDOME? S ADEL LM E2HEL, HES XCADIE
[ C ) & % ERME U 72 BEAE (¢ — 0) ZAETDEILZ A NT T AHIZ B 1 2 EHi oA E O H B
J€ % W7 R RR B EARE I N TV S (M 2.17). 2 ORZEHFREREIL, k-means 3 & O Hidden
Markov Model(HMM) &\ 7= 7 TV Rl L flAaGbE S Z & T, 17, S, WzrHhi> o
T HER L BEORFICHV S T WS,

: NTURERS ‘
S e IR Jr
LPOhRE KEIL—LDOES EBOHRIE REIL—LDES
‘ B &5
| :f\3 ‘l/\ “P\ i‘*\ ‘;{\ : \ !
LB OhRE REIL—LOED REBOHRIE REIL—LOEY

X 2.16: FEECBIFBNET LV —LDAT )V b (SCHR [40] 22551 HH).

O]
(a) R ILkY (b) IBEZERRN S L

4 2.17: ATV N U ATEE T AR & U 72 R 2SR EOR (SCHiR [41] A2 S 81 A).
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B 2Lk R EE B WRERESEE

ATV b v L FEEHE & O 7 BRSO, A0V b v oBEioAE, BXUTATIL YO
JIFEDHEMED T — 226, ABLOCADOFFT2MHORALHE2RAMHELMTL TV
5. ZONEYIRDRZ EEE 2 RANERNEEIL, Yiteko N\OBEIfEZ, A7210 5 ok
BT L0 B REFICHRBT S Z LA HREE 5.

SCHR [42] T, A7V b v OB OB E R & KB OEEOIRMED T — X OB E % Flib L
7z Local Occupancy Patterns(LOP) Z A IFHERE L, ¥'J I v FIRITHEI U 72 RfE 2N O K
M7 —V TZ#OFR 7 (Fourier Temporal Pyramid) 1221 U 7- 2 EEMREI N T WS
(X1 2.18). Z ORFZEMIFEEE X, Actionlet & XN 2RO 71 v b DiEREE L Multiple Kernel
Learning(MKL)[43] 12 & % 7 TV il L #lAGDET, SO EHEFEOY WA S U zEfED
WIZHWONT WS,

SCHR [44]) T, HEMEEGICMATHA FEGEZ AL LT, EEHGOZRT IV N v OB ED
ReRVI DR &, WM O U 72 R D 780 SIFT R [25) 5512 & 2 IR IR DR & ff ¢
I ZERREEPREINT VS, Z ORZEHREE X, Markov random field(MRF)[45] %\ 72
REEBET IV EHMAGDES Z LT, NOEIELYERE KOWKEYIRDOHEREH, X0
SHEAEMAORMZELE AW ERRBEENMREINTVS (X 2.19). Z ORFZERAEE R, M
ELSVMIZ ka7 TV EfllAGDES Z LT, BREEANZVEEZRE L V- 72YROBE
5 HEBEOREMICHN TS,

LEHO thlhl”:h

r— HEE
srerE® A A ™ i, T
ﬁ%d\f\\¥¢$\\¥$‘ Al Al Bl
¥ v ‘ /
EEOBDE | BHOBDE| . Actionlet @
‘ LOP ‘ ‘ LOP ‘
| | Multiple Kernel Learning |

Fourier Temporal Pyramid

& 2.18: A7)V b v L BEEIfHEDREHED 7 — % (LOP) & F\\ 7= FiEOH] (SCHk [42] 22551 ).
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BiELmam |

RREIIIE [WRNNRIN | BiEcym | \WRME LI
prrm N alai: N premes DRERA ORERE . BEE
A 7 T ety rc~“‘”

TUEELDS HEMO ygaﬂﬁ } e
onlAe D E » am
%""meﬁﬁmm R \i REER \ 1

HEER LM
4 MR R E#F‘i&’m’fﬁﬁﬂiﬁﬁ/ L/ Yt

B 2.19: A7V b v & JE O & O EAEH OGO G (SCHR [44] 2> 551H).

2.4 AAXATEIREEHBRE BV -REEREHEO LR

AHITIE, A A TGS X OEMEGZ D72 RERREEOBIZOWTHRRS. K 2.11ZmRUL
TR E 2 AW BESREBRO 7L — LT =2 X2 ) T VAT LIZERAT A5E, B
BT g 2 S, BLXCHEABFHOLIPEEL LD, 2288 X023 HIcBIT 2 —_A
DFER LD, A A THGE X OHEHEAORZEMFEEORFEOILEZ K 2.3 1ZRT. HIRIHE
BRIBESGMFITN T 2HE I TIEEREADRZOE M ERIHE & LT, §¢@E#bmﬁa%%
WHIL 7z, B, RiUzs8\WT, HlEGE 3%, ¥Fa) 71 VAT LICHEMAT S Z &R
HIZ B S ToF /R H U < id Light Coding ARZMEE L 72, K23 THEWTOIR@EHATEE, Alds
At & T ARE, x 13EHREEE RS

BRI OZIZN T 2T 12 WT, HltEGEz 2 TO/NAHTOL LD, nktzEH
WA - O RIIEE 2 Z TR, U IEHEHRE HOTHENRETH I 0 TH S, K
FHIRELOHFR L, KV NI A MNREOHFAED/NEEPHETH D, 55O O/NEE P EE T
MDA, BEREOZIIN T AHEEESIZEWT, A TEENETOHEATAS LLIX
x Lo HEE, 7 ATOEBEOHEHRZ T TITHAIZUNFRTE RV (L), BLLIFeL#
BRHRTER (X) PO THS.

—FH, EO/NHEIZBEWTH, BEHTHOL I DHEMEHRTTRT x THS. Ihlk, RgxXT
%O BEREE R Y IE, SRR E ORI R THEBMEEZIE TS Z A RNTHS. 2D
RN D70z, A EIL Uz, IO %@ A £ TIRT720, BVviakAez 50 H
DRRFHEHFELZD, EREZNULL TEPRAR-AICHRET 5 Z L IIRETH 5.

DLoliiERe s s, AT EGORZEMFHEEIEHAEHEDOIL S ITENS DY, BRER
DD X IZIEH 5. —T5, BB GRORZ2 MR EER 1L, BB~ OmFEd X (2
N3N, WHEFOIAXTEHS. ZOHBFRERLD, KRiCTIEH A TGS X OE#E & Z A7z
R RO &SI EMIT D, A THEEEHCSHEACE, EVHEFAOEX ) T VAT
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AT ELMRIZERL, NRE T L2, BRESMA DL U Tl 2 afaki
firFEBE 2 HIgd. —J5, HEEGEzAW5565120, EHHEMZRY, BRESREOL(ITHEED D
PREH TN ARMBAT O KB HI5 Y.

 2.3: HHEEEIER & 77 A T i oD IRy 22 TR R R O PR,

RIEH HHH N H

5
=
=
b
&
e
N
B
®

BRERMOZEN | BRORADE | AR ZRIELOFA

NODFHEME X D JEE X Ka> b A NBEOHR

BT B TR

> > D> x

JEPH 258179 2 NDFFE

AD R Z D24 ADEEDED IS

> | x

AN D X JEDH 258179 2 NDFFE

EEFREED A D R X DELDHE

1A TR DEAC DA

AODI & DEALDFE

x| O|O|O0|O0|0]0|0]0|0O

BHAREHOIRE | - BREFMDILE

DI N—

X

HED RS B T~ D%

O|O|O[O|> || x

{E DR BRE A~ DR E X

2.5 F&H

AETIE, FIRERREE RN 2 AWZEEREO 7 L — L7 — 21220 TRz, Z
D7 V—LT—2TlE, BIRBE, Yk, BEIfERORMMEREZ MEERE L, X2 )T
AT LEEREREL TS, RIZ, TOTVL—L7T7—27IZEMAAEER N A T EE X O G %
W72 22 MR R I DWW TR R 7z, IRIT, A A T iR & PR 5 0D i 22 R AR 0 D R R 12 DLW T
WAz, A AT RO R RER R B AR O R X 2N D — 5T, BERMEOE(ADmEE S
TH 5. MHEEAORZEMRME L, BERGEOZBIAOHEBS IZENS — T, MEHEMDLX
T% %

AT, LAERAZZ 7 A Z S & O G O R 22 R EE 2 VT, BifERio 7 L —
LU — 7 h OERHBIEER EB T A FECOVWTIRET S, 3T|L 4T T, A TEBEEZHANT,
HRE T HRMERE R, BESAEOZADOTTERO R XDz U Tl FiE2RET
5. 3WTIE, YREHEBREBEMRHMOFIEZIRET L. 47T, TRVEHNIZELT ST
AHV—=RDY—2T, NEEERHEL, EEE WSRO NZEHEOEEL BT 2 FiEE2RET
5. 5EE 6 ETI, FEMEEGEHWT, BRERFEOZ(IES AR ZDZITN U CElEN D%
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 OFFHOEE % G35 T & DEERRO FEEIRET 5. 5EHTIE, HATHROEIZEVEND
AD[E & DEALD, BERERIC S A 582 ML T 2 FEEZRET 5. 6 BT, HEtmbt ¥
S 2 NOHEEALDE WG A TS T 72012, AO— A E A IEAHTRET S E 2L

TETFHEERET 2.
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B3IE

FFEEREHE2RAV EETETILICE
% B R A

BIAMEI &%, ERPICERIT 2T ) TNIZEMADEA T 5 Z L 2 REIT 52 FIETH L. AE
#Wﬁﬁ@i%%m#“%%?w%ﬁwéza@,ﬁf%@@$@%%ﬁﬁﬁ%#o%%%

@%’ﬁmTéhﬁ AR BREN DO FIEIZ DNV TIHRR S,

BRESL, BERRMOFEL L TEFa) T4 VAT LA EHAINTE 2, L, BRI
REREBADFEELULBIZ, BROBMEEADEAZERTEZ MR L THETHD. T
ZCARETI, Bt o/NESANO R X B E DR %Z KLU 72 ST-Patch R &, BAEMD
MEAVEZERETIVEENRT 2 ZLI2LD, TROZADBEHNZ & D - BRI T2 R E
5. FHlERTIE, BATHEIZMLUBABENS Y — v, BHNORHEIALHEEIZIHRKT 5
V=V, BAMCHULUEZZ ARV =X O R/EDHEPFEOLTS -2 D3 DD —IZHEWT, #
EPEDPRETEL O BIFICEREZRANT A2 Z L 2B U7z, £/, RETIEEZHERT 20 E
DEMMEE, WREREPENN T 250 2H oI L.
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3.1 ERFERICHITZRE

BRAEDFHEMAOFEL LT HNTHY, ZLOBERYATLATEAINTE 2., B55E
T & BEMRRRANE, ADHiGRE FANCHEMLUZERETIVERELT, ANEBKOS bERET
WITHEG UBRWHD Z2EAE L THRAIT 2 FIETH L. ZOEEAEMT X 2EEBRENCIE, BikD
AR CEEEFEANDHFIAZ BB L LR WHEAH 5. —HTEREMICX2ERRANCIE, B
WEEPE UG ECEROZ L FEOEADHFIAHEEE L W5 EN D 5. TROZIITIES
BRIGNY) T— 3 U3 508, Kild 2 L HIBOZ P KHADBIHOT O &2 D & 5 2l LXK
WAL, BUZHES SBIARXRKE O S €74 L X 2 O R RELDH 5.

INFETICHEROZAZENL CTHARZRAT 27-DDERET NV EERT 2 FENOL ODRE
XNT 7= [46][47][48][49][50][51][52]. M 5D RETFLDERIZIE, KMTZL 2007 Ta—
Fhobd, BRETNVOELD 1 DHOT7 Ta—F1%, HEOR/NAATH 2HEDELEZEED
BIERIZE D WI M A TET LT 2 FIETH 5 [46][47). ZOMWEEE R L LAZERET IV
IZIE, FEARRKEDORES EOE G ETRATICA U 2 BEEZRPIE D EL 2 MEH0MH 1 X > TIRIX
TEBLWVHHEDD B, —FH, HEFMOERETIVICIE, HEBOMRSOZLD X S REGg Eo
KIBW 7R ZAE DR ENIZ RS 5 &, HROME AP OCRHTEM L TU £ 5 20 I0ERAE
e WSHEYD S.

BRETIVOERD 2 DHOT 70 —F1%, HE EO/NERNO T 7 2 F v & BRIHDZ A0 IZ
BB TET LT 2 FIETH S [48][49]). F7z, /NMEROBALORBED SHEBZERET IV E
MHT 57 7u—F & UT, /MESHNOREEZ EEIREBOIME A TETILT 2 HENRES
NTWS [50][51]. Z D/NEEOHEAOEFRETIVICIE, HEO®ES 02O EiE Eo K%k
Zib%, FEEOHEBEIICL > TRINTES 2 WO HELH S, —HT/NMERO BN OERE TV
I, FERXKE DR S ED & 5 ik EO RN R Z RIS AT 5 &, INMERNO
T U AT ¥ ML T B DIERDIHEE L WS HED D B .

BHRETIVOERITIE, BEEORAL/NERO B O S OBEFRE TV EMAGDOEZFED i
FINTWD [52]. ZOFE, HFEOFAL & /NEI D B O MRS F O G ELRT % B - TakA 2
325D TH2H, HELED 1 DDBHE 2@ OFETESLIT LI ENTET, BRET
IWHVEMEL IR D IEET RE RS A= R DMENNT 23EN D 5.

CZTHRETIVOHBE2EDE 1 DOFEL LT, HRETIVORRMEINDILE REI N
TWa. SCHR (53] 1, SCHR [46]) D3R D OHER 376 E 7 )L % Rp 22 [H O BikE R O I & o [F I
MERIZHR T 52 Z 2T, BEHECRFANREROZADOF[EX Z2EOTWS. Sk [54] 1&, #
7RI & B/NESN O EZLD E TV R RFERICILES 5 2 & T, KO BIIOZ b~ o i
TaEED TS, K [55] 1%, NEBNOREE DI FRIL 2 HEOHEZEH TS Z &
T, ARZABOEEADHEBES 2 EHDT WS, 72770, INSMEFETIE, R OFLED
7R 7201, RONEZFEHOBEROZI UG TE TVRL.
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3.2 REFFO77O0—F

ARZETIE, NEENOR X L8 & OERZ RO MR #E O ST-Patch Fiffis &, #EECINEE
EROBAEHRMAZAVCERLERET VEAEET LT, FARBEHOEFOELIZH LT
TEERBRRAI O FERIRET S, BEFHEIIBITAEEE TV, /MEERNO R X DGR %2 HAWT
SR O KIS R BB RET 2 LRI, RRFEOBERET IVTIIBRNIPRNETH 72, &
SERO RN EZL 2B OFIWRTIRINT 27 Tu—F%2 2 5. 31 ILRETFHEORNEZRT.

/ ST-Patch#$ B DFH &
\7 ¢ A
EEETILEAL-EIRRA
HASEE

- | ks

EEETILOEH

3.1: REFEOIRA.

DI, 3.3fiTlE, IREFEOHEBHOFIEIIDVWTRERS. 3.4HiTlE, IREFEOIFER
DEBREZMIZOVTHRRS. 35 HTIE, REFIEOTEFERDOEERERIZOVWTERS. 3.6 HiT
X, KEDOFLHERRS.

3.3 ST-Patch#HE2HAVWEEEETIVICL 28K
yal

AHEiTIX, ST-Patch HHEZ W 81ARAIOFFEIZDOWTHRARS, BT, ST-Patch FiE D
FARANZ BT 2R, BREEHRAMGICLA2ERETVEH WAL, SRETFTILVOERIZD
WTakR %,

3.3.1 ST-PatchFEHEDHFERIMICE T 24554

AHiTlX, ST-Patch FEE O BERENZ B 2FMEIZDWTHRAR S, ST-Patch R L, 2.2.2
Hi TR R 7RI, BRERIAIZ AL U 72 7 A 5 iR i o /NEIS T O 22 [ D IR D A ELfE A & LR & Bl
SERWAZRHETH L. REFECIIARBIVOERORZ b8 & 22 2REMEHMEL LT,
X (2.4) IR U7z ST-Patch FHEED 6 IRoTDEHRZ N 5.

REFIHEIZBWT, ST-Patch K&, WA DEEZ AW THBEORRZYMEE X3 2%
Fio. &7z, BIZOHEZZHANT, #ILL TV AYIREZIL TV BRYRDOX &, 2L TW5
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UADHETEADMLES AR D L D% XD T M ZRFD. £ 3.1 (2 ST-Patch FEDHI & L T,
32 IR TEIARDR UED D (a) Bk L72H & (b) JBUZFEN B 1E, KO 3.2 1R T EEHE O U
A0 (c) HEDPLEL TWBHEE (d) HEAZALL T B RO RUEGIZ R, INMESOY 1 X138 15
M3 x #E 15 @& x5 7L —AL& U7, R31ITBWT, ST-Patch Rt {v;}j216 (21, Fidd
DR 5N B.

o HZLOAMIC & 5T, BiAs X OB TR O EHRITHEE
(a) & (b) BET () & (d) D .23 DHIK)

o 2L D 5 & B & OEHARK.
((a) & (b) D vasg (c) & (d) D ve DHAR)

o HRDZE(LL DRI L TH) S DERD M.
(b) & (d) D vy 5,6 DEIER)

(a) FRLELT=HKR (c) BIRREROKHE

B B
e
gl B00

(b) RIZHEN DHHIK (d) BIRZE LD IRE

3.2: HRD/NFEIRDHI.

3% 3.1: ST-Patch R D EAEH].

R DEH BEDER
V1 Vo VU3 Uy Vs Ve
ZPQ? ZPzPy ZPy2 ZPth ZPyPt ZPE
(a) ik U 728K 68.3 1.1 38.4 -0.2 0.1 0.6
(b) EUZFE B KIAR 66.5 -11.6 52.7 1.8 -1.3 1.7
(c) HIBZ @R DM | 0.7 -0.1 0.6 0.0 0.0 0.0
(d) HIZA LR OR&HE | 1.4 -0.1 0.7 -0.4 0.0 1.2
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3.3.2 EEERLHBICLZEETTIVERW-ENRRA

AT, £3, FENTWNELZ A X TEGED S, EHOBLOIRENERD 2562 EL T,
ST-Patch FiSEDBEAERDAHICEVERET IV EZERT 2 HIEIIODWTHRARS, KIZ, ADHEG
1D ST-Patch FFE 2 ERET N IR L T, BEZRAT S HEIZODWTIRARS,

B ST-Patch BHE & BEAERIHICL2ERTETIDER

BEROZMMIZIE, TAHV—=RDAT Y 7O &SI —FRHD—EHEDRE) %Mk 2 EH
H7edDE HiE, MLJADBIIZIGELTT Y ELIENLBIARDEPEDOKEIZ ONTEILT S
HIEOBME DL ICHERERLDONRHE. £z, BROZIZEK, EROZVMALEDOE THE
THRMEEZOND. £ I TREFIETIE, TROZPEBD> OHERENOREIZNES Z &
ZRIHREMIZBEWT, ST-Patch FEEDRSGERAMIZ LV ERETIVEELT S, 22T, BA
EO A 2R (3.1) BLUR (3.2) 1TRT.

M
pa) =Y wimi(2) (3.)
(o) = e { (o - o7 o - )| (32)

X (3.1) BLUR (3.2) IZBWT p(z) IFMEREE x WRA ER DM IZET 2HEREE, pi(v) (3
REW o 2 ZBHOEBNG BT DMREE, w;, w, o $ThTh, i BHOEHSHDOEA
BB, By, R TH D, RETIETI, ST-Patch RHE DR ESE {v;}ic1vs TNE AT
UT, EOEREERDMEIIHND LIET S, BEERAMDNT A=K w;, w;, o; 1%, EM 7
TV XA [56] Z HWTHNNE L ZEROY Y TVMEP SFHEL TEL. &b, fELAEEN
FA—ZPERETIVE L TCHYITH S 0I121F, ROV > IVBEORRIEIC, HR0Z{o
NYVIZ—=2avORYEE2AETHHRREIVBETH S, PLEB X7z ST-Patch F#E OEA EH
DHDNT A =2, HROZADVEG EOG T LI RAR 572002, EHLzZFTEY A X THE
WZHEIL-7 0y JHIZEIRT 5.

B ST-Patch HHEICL 2ERT TV & B WEHARI

REFETIIANRGAIGZ SN0, BEGDOR 7L — L0 5RAT ) 7 HND ST-Patch R &
L, ERETIVORASERSA»SREEL - 70y 7 25 e UTRIT 5. RETIEHLHE
ZEMIO/INEIBMN ORI R 2R Z 5720, ZORRICIZEH 7 L —208AB X OCEHO 7 L —LADH)
KO (BRDPERTO 7 L — LFE L) D& EN5. UM, REOWUED ATy 7%k
N, WEEX 3.3 1TRT.

Stepl. AJJMKIZEVWTE 7 L —24, BREITY 7THDOE T T Y 7D ST-Patch Fim 2 5HH 3 5.
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Step2. Stepl @ ST-Patch R DA EZHK {v;}o106 EMEREZH » BT, X (3.1) Dz
RETFNVIZBT AMHERBELAEDOL X WE 0 OKR/NER (3.3) THIKYT 5.

plz) > 0 (3.3)

Step3. ST-Patch i {v,} o106 DREHR T (3.3) A7z T nivld, ST-Patch R I3 5t
ETNESTHELT, ZOT7 Ry 7 2BREEHEST D, KT, B {vj}jm1we DTT—D
TH A (3.3) W7z I g WiEa, ST-Patch F#EIZEFRETVICHEHALRWE LT, ZO7 0y
U R ERE LHET 5.

Step4. Step3 TEIMAA LHEL =70y 7DD, BME « HM EdILEIRE DR 7 7 7 %

295, 1 OfEIE, FHENCEMRICEE TS RES TG L TEDTHL.

Stepb. BIRE DA 7 Z 27D ON W, Bl p A D7 L — ATl d UL HHRE2 H 19 5. BifE

p D%, FHTIZ Stepa DHEDHEN S LI N HEDTH L

hASER - JOy BRI ORE JL— LB DR
(Step2 &Step.3) (Step4.)

- ST-PatchiF# =

DFE (Stepl.)

i —— p(x0)[<]o | BHED

! W Vs Vi = ! U giosron
BETUT P

| RO (Steps.)
i pIL—L4
LLEERE
L THAT

p(x|C)
D
=

A

________________

3.3: ST-Patch REIZ X 2 HE TV & V72 BIERRATOBEE.

3.3.3 BEETINOEH

KEITIX, HEROLORRMER IBRT 272012, BT TV RMERICET$ 5 Hik2 R
5. BENELLTEY—vO—fle LT, BMIBWTHREZMENZ(T ES -2 TlE, HROZE
LD A EIC 52 5. 72, U ;ofvxﬁAaﬁﬁﬁ%mév—y@ﬁ,ﬁﬁ@%%ﬁ@
YU IV ERHINIRRKIEL TB Z L IREETH S, 22T, REFIETIE, KEHEREIC

HROZADHERSITEM L TV 721, BERAZTIHIZ, TRETVORAGERDIMZSL
TOEHTLHEE LS.
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BHRETINVOEHIZE W THEROZLPIER N LIGE, KRS L I ZEPHEB L 720,
TR B RET R ENFHTES. FEERETLVOERIIENT, FENEW 2 DB EDZ
BIXTTETH D 1 DIEETAZIEAEF LV, T TREFEOERETIVOERICIK, RAEE
WA O EBDA IR BN KA DD 2 R 72 B FOFEEZBEH L7z, K 3.41Z8F
DAT v TOWER %R T

Stepl. AJJBED ST-Patch R {v;}j—16 PHERICBT 200G %, 3.3.2 fiD Step2 DJ5
HECHET 5.

Step2a. Stepl THRIZET LHE L7 0y 7 TlX, HREAY 2 ZREE i HHOIER S H
DEMEE w;, V¥ p;, BEHERE 0, %, IEOEHE o 2R (3.4) BLUR (3.5) TEHT 5.

w =(1—-a)w; +«
pi' = (L= n)pi +nz (3.4)
o? = (L—=n)o? +nlx — )" (x — pi)

n = api(z) (3.5)

Step2b. Stepl THEIZBEBIX 2 WEHELAZT By 7 TlE, EERDHEDOE M DS KIE Myar K
WChE, F% ¢, BARE L BHERZEZFEM w,, 0, & UZIERD A 2 IRE ERS A6 28
T5.

Step3. AN DIHET, MUNad B WIXTLERIER DG 2 HIRYT 5.

« EHAMREDFTENE Winiy R CTHNUE, /A AL AL THIRT 5.

© 2 DDIEMRDH DT IEWGE, FAZHAIRLT1 2ITHET 5.

Step4. [EFIN M DEAMEE w; OMRHIA 112725 & S ICIERUELT 5.

U EDOERETFTIVOEFRVENHERET 5 7-0121F, FrznBS7OLLhH R ORFHIE Tk
Bid B2 e nsd, ZNIEHRELIZHN LT, Step3 TIEMAAZEMUHEIZ, TDIE
BN DEMREE Step2a TRIENFEH L TAEL LAaFhE, X (3.3) OBERETNVIZETFM
DENAZHFG LRV THE. £/, ULOERETIVOEFPEIICHEEET 2121, Bk
UCTKEREAMRBOERDMMAAHB L2 V& S, BEROBEEE I L THA/NS S EHREK o
ZHMY)ZERET D2 HEND .
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Stepl. FFEAENERIC Class3
BT AN EIEEHIE = | Classl

X Class2

J\’”u
"y Ry X

Step2a: 1DDERSHEEL \i % Step2b: BiT-AE 5 % B
(Step CERIZET H158) (Stepl CE BICEELLES)

Class3 Class3

C{assl A Class] Class4
: Class2

B . ﬂ /\/\ﬂv\

Step3: /N LI RBER D MEHIRT S

»
>

Class3 A
Class] Class] Class2
Class4 /\
T R [ FEsEcnEs
ERATHEAIR ERHTEHA

3.4 WRETINVOHEFOME.

3.4 ZEREH

ARETIE, FHEFEEBROFMAIZOVWTRANS, FHEFEERTIE, REFRNAT, RAOREEZH
WRERFIE L UT, IERULIERE 2 IR G E A U 72 B RN % W3R U 72, 7223, ERMLER
Bz X B2EMARBREID 7L T) ALK, 3.3.2 HiTRARZZMAT ) 7 OHiFE, AT 7HNDOTay 2
OHEl, BXUT Oy 7 BATEAOA R HE L - BB OMLE (3.3.2 fiid Stepd B & UF Step5 )
1%, ST-Patch RifiRIZ & 2 Pk &Mtz @Iz Uz, 72, IEFULIREIC X 2EKRAITIE, &E
A OGO G & T REG e LT, &E#EEZN (3.4) &R UEHE o2 &5 Infinite Impulse
Response(IIR) 7 4 VX CTHHF L7z, 0B, HHFFE 13001 & L7k,

ZDMDINT A =R E LT, BURDY 1 X3 320 B3E x it 240 HWE, 7 L —24 L — b 30fps
IZA LT, ST-Patch FED 70y 7 DY+ XIIHE 15 B35 x # 15 Hi5E x5 7 L — L4, ESMEEERE
DTy 7 OY A RIIHE 15 HFE x Mt 15 WFEE Uz, 7z, ST-Patch RHEE DR A TEMR OO
DAEOEE, BRETFTNVOERKEC 3, HEHRHIZERA 10 & L7z,

ERFMME T, £IHEMRGEOR 7L —AI2BWT, BEN DR REITHET LIV —L0%
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BRE, OO 7 LV —L%zEREE U, BIAOAERE BROAHEE ILEL T, True Positive(TP,
KA THHA), True Negative(TN, BRI THEME), False Positive(FP, BEIAMETHIRA), False
Negative(FN, EjffE CTHEM) 2HE L7, KIZ, 27 L —L0HEDFERH2 S, X (3.6) TEHHE
L 7z Recall & Precision % FEAififgf e U7z, 1A T, Recall & Precision O &FHAi & LT, W& D
PR TEE X N D F-Measure(F 8) % FFfifEiE & U 7=.

> TP
l = ===+ x1
Reca. SEN 1+ 5 TP x 100
TP
Precision = SFP 15 TP F§+ S TP x 100

-1

F-Measure = <Recall_1 + PreciSic)n1>

> (3.6)

FEg L, BA4, BN, TAAL—XD 3T —vERNRE U, MU, &Y — v OFHHBEIC
DWTHIY 5.

B EADY— v OFHEBRE DR E

1 D HOFHisEERTI%, PETS2001[57] TABE X /2 i O h s R 3 d 2 BAA D Y — > OFF
filfile e % g & Uz, Z 0 3FfHilef I R Wi 12 AR &, A D S BB D SR 13 < R DT
EEHEMZENTRARNRZIE RoT WS, ZOFIMGETIE EZEZOEDEI S IZONT, HED
TRE D ERFORIC K E K ZEL, TNAE(G EO KK LE(bE o TWn5.

Z DFHHEBER T, FHZEROZAE L WBADMIEZ AT Y 7TICHE L. FBR0k
{EEDNZEEMEONGE Uz, 72, T OFHMiIBEGIZIE, FEHLFEHAD 2 D OB H
HINTWBHODT, ZEHOMGEEZAVTERET IV 2AERL, FMHOMA Z W TEEBRAO
MEREZ BRI U 72, TWRETIVOERTIE, FEHHOMBAD S LAY 7HNIZ AP WRW 1,179 7
U— L% U TERICHWZ, K352, ZOERETIVOERIZHAWZMGEDY >V TV i RT.
Z DFHMUE T, FEHOMEDE 6,255 7L —LD 5L, ADTHRKEI TS TWDS 1,359
TV —LEERE, TNUADO T VLB REE L.

7E, BAROFENOMESIX, 3.5 13RI ERETIVAERHOMERTIXBOEE 1T HBENDFEED
SO U2NTIZTHEB U RS, B RBA O AT FH O B T I O BT 2 THBOR D RN 5580
FENRHEL T\ -,
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X 3.5: BADY =V DBEREBIZHNZBUKDY > T,

B EAOY—r OFHHERIKDOBE

2 O H OFFMFEERTIE, FEBRE A0 KA I £ S IR S £ 5 — O ARG % ] 5z L7s
[58). 2 DAL TIXSEERE N D F IO I D 0, KD WA D B & i b o e
8T L — A DRI AT 26T B, W O R KRR B X 13T LT W B RIBIH OB S
UTZALL, ThhKRIARZE moT WA, —F, HEhoEOWEDON 2 S IZEILTWS
WA DI & WK KT O AR T D RLBBIRITIS U TEIL L, ThARATIZAZ L L 75 5 T 5,

X 3.6: BND Y — Y DEFERIZHWZMEGEDY > T ).

Z OFHMiMERTIX, BURDHFTY: 665 7L — LD ADPEA LR WVES LS ERETVEEKR L. X
B6IWHRETIVEAERL ZWGDOY v TV ERT. X 3.6 128 THEiEOHREBIZIIFRR DAY
HYD, RHMIADOZALIZG U TRIZR S HENZ(LL TWS. £ T, HHEOZLANEZE ik D
I OBRRONLARYI O B FIZMAI T ) 7 %281, AT 7 2805 A& BERModf e L.

T DFAMIME TIE, TR D& 1,981 7 L — AZFHMIEN S L L, AT Y 7RIZ AR oK
EITHMSTWVWD 99 7 L —LZEERE, TNSNDT L —Lz2EkEE L.

B ITRAL—9DY—YDEMIRGEDOBE

3 DOHDIHERTIE, EERBMOIAHL —RIZBWTANAY RLU—I56R) BTRED K%
AR ORNRE Uz, ZOIAMEHOT AL — RIZIFBEMZE U RS REBIAEIZH D, =
LIADHBOBI AL L I2HBT5. ZOHBROMIDE|IZE>TAY RL—=LBXIUN
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YRLU—LOMIDOEEHOBES KOCHED SIZZL, ThA & Lo RSN E{bLkoT
Wb, iz, ATV TIZEREN VD ERBEZMUINBIZE D REOKPFEL, NV KL —ILAMIlD
SEMIZELIAD. AT T EOREDMIIAT Y 7OHETHEEICIGCTBEL, ZhhmsgE Lo
R ZE L 7R > T W 5.

ORI TIX, NY R =5 O HIRWEEN 1 EHRT2MELSTRETIVEAE
U7z, 3712, ERETFTNVEERLUZBUGOY > TV %ERT.

X 3.7 TAHL =D —2OEFERICHWZBGED Y > T,

Z OFMMLE T, T D4 3,250 7L — LD DB, REDGED LR E I TlEANE
215 7V —LZEIRE, TNUNO TV —LZEEREE Uz, TEVTD HTEEITIE, RO HTH
S REES, B, EARDO X SNV T a v iR £, ROTEHIEWNTES LD
2, BEDANBEEBANDOEGE L 1 NDGED T — AT o 7=,

3.5 FEERER

AR CIIERERE UT, BN, EEMofEE, REFED O EE OISR I
DNWTHRAR B,

3.5.1 FARIDA

mENDI—

B 3.8 IZEHND Y — v DFHliEERDAERDOREHZ /7T, 38D 2F5HE 3FEHICEWT, HE
OHROBIAIZ E 72235 WA OFEIIBIT Y 7, AT Y 7HO/NSWT By 7 OfEIZEIAE
CHELZTvay 7% Rd. £/, M38D2%HE 3FIHOHEGHD L EOMHIZIE, TDTL—LD
RO HE L MDA MO HLEFERZF L 72,
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(a) AHEE (b) IEFRILEERED (c) ST-Patch4F 2D

False Positive —a | True Negative

False Positive

T ‘ﬁ

@)
3)

4)

3.8: B DY — > DFERDH.

38D (1) &, EATRL RO BARDEDENPRLIZKREL RO ELEZTLV—LTHS. K38
D (2) 1ZH 3.8 D (1) D (1) DRITJAAEL 720, EFROLERFEEL D BEIADR B X THENH L
27V —LTH5. 38D (3)1, H38D(2)D289 7L —LkTHS. K380 (4) 1%, X3.8
D (3) MOBICABIZHENEHL Lo/ 7 L —LThHS. 28, 38D (1) 95 (4) DVWITHITH
WThH, K (N) IBEEL R,

3.81ZHB VT, ERULEEEIC X B FIETIE, (1) 75 (4) T4 DD False Positive B84 L7z, —
Ji, ST-Patch &2 & 5 FHE T (1)(3)(4) T 3 2D True Negative & (2) T 1 D® False Positive
WD IERBULEEEE L 0 RIFekE R 2872, ST-Patch FiRIC X 2 FIETIE, 2) 6 3) A7 L —
LOBESIZONT, BRABEMRMUZ70y 2 O8IZIEA U, False Positive ® 7 L — A DFALHE
LW U7z, Z D False Positive DIEANE, 333 HIOWREHOMELEZ SN 5.

3.8 DREHNRTLMOMER & UTlE, ST-Patch Rz & 2 FEIFAPBIAIE D & 58]
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TRAMEAMNR SN FIERMBERIC X2 FEE, APAZEWE E, BLXOADHKD
DIRBAEDFETHN TN & E RS DML S 7z,

B ERNDOY—YDEBRERDA

X 3.9 IZRADY — v OFMEERDEREDOARFKRH 2 RT. X 3.912BW\WT, HHEFROMUAZIIMR
V)7 %2RT.

(a) ANE1E (b) EEFRILEERED (c) ST-Patch#$ 4 E D
EERFER RERIER

False Positive True Negative

A Balt-oovs

X 3.9: BHNDY — DR DM,

3.9 @ (1) IFEEHROMIEZ RS § RKARPUADRIHAP R THIT L ZEERTH L. K3.9D
()X H3.9D (1) THITLTWAERABPHZETAITLAZEZETHS. K390 (3) 1%, MiIT5
RIFHIIA D7 SBEWVIRBL T, BEVRD T > b T 2 P AMEWAAEEE] - 25T TH 5.

3.912H VT, EHMLERREIC X2 FEETIE, (1) & (2) T2 DO False Positive & (3) T1 D
@ False Negative DfEF &8 >7z. —F/ T, ST-Patch R&EIZ LB FHETIE, (1) & (2) T22D
True Negative & (3) T 1 2D True Positive &\ 5 REFZFERZG/2. LB 3.9D (3) I2HEWT,
ST-Patch R IZ & 2 FIETIE, 33 HIiTHRNRZEARDERGZRAT 2 REIZ LT, EnSH#EA
U 72 ADSHERIR D REIEWM) TR S 1 5 PART DR DI (P D ANDLERE) D71y 7 % L BRAT %
Z & T, RHAFIZ True Positive DGR Z157=.
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X 3.9 DREFILA DM & LT, ST-Patch FiEIz & 2 FiklE, £ 8 [ OXKHHEIHDIHKD 5
5 2 [\T, HEOEROE 7 L —LOMZTHERT I ehH o7z, —F, EHMLEEHIZ X 5 Fik
1%, @8 EORHBIHOHKD > 5 5 B THHDOEHEZB L UIXS K DRNZERNFEEL TV

HBIRAL—9DY—YDERERDA

K310 ANV —RDY— 2 DFMEBROFERDONRENZ2/7RT. K3.10128WT, FROMMA
BNy KL= v OAMUDEEHICEH T -BRAITY 7 2RT.

(a) A HE1E (b) IERRMLEERED (c) ST-Patch4¥ =D
%ﬁﬁ% 7 RERIER

X 3.10: TAHL —X DY — > DFERDOH.

B 3.10 D (1) FEHOREDVFO HT LR <EHRLUGBHTH S, X 3.10 D (2) FREHFRA
IU?NEKW%T%M%@%ET%%.:@(Dt()’Bmf IERUERRREC & 2 FIEIETE &
B & BRI O CREDBPREDLANES ZLI2X > T, BETIHOBIRNELR T
mt.m&mawmﬁ,%E@%ﬁu&mbk7v—AT%D,%ﬁ@%@%ﬁi%%@éﬁ%t
L, MEDIAY M T AMIMELS o T W,

¥ 3.10 IZBWT, EHALEREC X2 FETIE, (1) & (2) T2 D0 False Positive & (3) T1 20D
False Negative DfE R & o7z, —/ T, ST-Patch FiRIZ L2 FIETIE, (1) & (2) T22D True
Negative & (3) T 1 D® True Positive &\ 5 RAIFRAER %1572,
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[ 3.10 (2 B\\T, ST-Patch FEIZ & 2 FiED (1) OF OB ALY (3) DFD L ZEE
DOBEIZTNL L TWA DK, K22/ OIRE O AR ORE R S MEH O ERERA 05 TH
5. ELUOREME D EREDHNL WEEPREDZBADODENKEVWGE, REOEVER
ETINVOERREDE DN SR E S RHEL T, HORMEOMIEL FED H U 72 3E O BHAID N AH
I —ADND o 7=,

BE, TAHAV—RDOY—rD LD ICEHRF —EHE TR T 7 2Eis 5 — Tk, BR
@ ST-Patch FiE A @ T HHICH—1EWMER & 5. 22T, 333HOERETNVOELHTIX
BARORBEIERET VICEVEAMRRTEALRWE ST, BHHE o 2 +2IT/NELE %?5
BB H 5.

3.5.2 TEEMDIER
B EFMRIOF D ESFEMEER

F 3212 348D 3 Y — 2 DEBKROHIH SFHHR U 72 3 D DFHlliHEEE (Precision, Recall,F {H) &
& BTN D 7(3.3.2 fiiD Step4 % 2:R) & p(3.3.2 HiD Steps #Zf) O RT. ZO 71 &

p i, BADY =V IZBWTHRAFRERVPBIFIZR D XS ICRE L&, Moy — 2 TEBEITRLT
aJEJ*k%JJDZf’ #£32&0 320V —=rDWVWTHUZEWTSH, ST-Patch RiEIZ & 5 FIEIERL
BBz X B5FiEL DD, THMEEERTTLES L & 512, T Precision & F{HTKIBIZENT W
ZEhbhrb. 3.2 0D EMSIEIC Precision T 38%, 68%, 36%, FET 32%, 55%, 32%, mi#&
PEELVEND. 3 DD —IZHB W THEIG L0 IRk RO RT3 S O KIgik 72 28
{EHBT A Z L E2F X5 L, ST-Patch Rz IC & 5 FIEITERLIEREIC X 2 Bk & 0 IS
ROZZBRNATREEZEZ 5N D,

& 3.2: BRI DI O e B FARifE .

IERUEERE (%] REFIE (%] NTA—=R
Recall | Precision | Ff# | Recall | Precision | F {# 0 p

=048 76 41 53 92 79 85 10 3
BN 64 26 37 91 94 92 20 1
IAHL—& 78 34 47 90 70 79 10 3

B Precision Recall BifRIC & % 57

3.4 8D 3 DDA E M5z, EEIE & L T Precision Recall fifi % K& 7z. Precision Recall
kR, » 2 FEOEBOFERIZE T 5 Precision & Recall #5EA 72275 7 TdH 5. Precision Recall
ikt clx, 277 7086 LEIZHBITY, TOFEPEN-FEMEREZFBEL/-Z2L2RLTWVWS.
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REAM R R D FIEI, 3.5.2 Hi TR 7z (1)ST-Patch B £ O (i) EHMLEEREZE W2 Fik e, (i) /D
FEIE D BAL D BEF L Radial Reach Correlation (RRC) & HiZZHALD Parzen #EED 2 DDOERET
VDA [52] ZHWEFIEOEE 3 DFEL Uiz, (1il) 1, KBNS X RN 2SR OZITH
7 e FE L U TRl L 7=.

(iil) O FHE TN, HFREA CEEREZRIT 2720, BRIV 7R THRE U 72 H5E ORI HE
EHADZ L%, 7V —LBOMAIOSME Uz (3.3.2 i, Stepd ZM8). (i) DERETILDNRT
A—=21%, RRCOEROEFHK o % (i) & (i) LHET0.01 & UZBAN, STk [52] HOfEZ 7=,

Precision Recall i OB OEER % KD 2121, (i) DFETIE ST-Patch FEEOEHE (X
(3.3) @6, (i) DFETITELMLIEBOBMEZ 2L I 7. 72, (i) OFETIE, HEHAERRC B
& U Parzen #E5E £ 12 D 3 FAL ORI ORIMEZ Ml A S DT TEI S B, BfERD 5 75 #iFE
A LZRWEEE, TSI (1) & (1) OFETIERAMLZ7ay 7 0B oH#E (3.3.2 Hid
Step4 O ) &, (iii) DFETIIRI L - HEDO RO 2 2L X /.

7B, (1) & (1) OFETIHEBOMERZRD D720 CBMHEIX 10@ 0 E R 7. —H, (i) OFE
T, 2 200RfEZ 5D TOERMAGDLE T2 BV AR, (1) & (i) OFEE, (i) OFE
£0%5 1025 DDRNEETREZ IS Z &R TE .

Precision Recall HIf#RDFHRAERZ X 3.11 1239, 7 (1) B XU (iil) OFE L (i) OFikE% R
T5L, 320V =YV THIBEWTH, BiIEDT I TRIBEDI T 7LD EREIA EIHDZ LN
bbb, FZENAEBHNOY -V THETHD. Tk, FFFNREROZTR U Tz R
EROHIE LR WREDELEZOSND.

Wiz, (i) & (i) OFEERET S, 320V —20IhTh, (i) OFEDS T 7D (iil) OF
EDOTZ7L0IRFHIAEIZHDN, BILDODRNOY — Y TOEIINI VWD, TAHL—XD
V=V TOMEHEDEFIRE V. EEMIZFHEOKRKETHKRS S L, BALENEIZ AL —2D
V=V OIEFIZ, (1) DFEN 8%, 93%, 87%, (iil) DFIEMN 83%, 89%, 73%, Wi& DN 5%,
4%, 14%TdH > 7=.

ZIT, TAAVL—ZOY—=rTIE, (i) & (i) DL SOFES, ATy TOBENZ LD —EH
JETHRAT Y 7 2l s 5 REDHEOBMAPEHEL TW5D. (iii) DT Recall ¥ 100%AF
LTI (1) OFE L FFD Precision & FH#H 3 555, K% (K)H L T Precision %A E9 5121, %
BOIMDIEIDEN Recall WK E KT T S, £D—FT (i) DFIETIE, Precision D[] LT
5 Recall DX FNIFNT W, ZHiE, (1) DFEORZEHOKHMEL 2T RET IV, TAAL—XD
REDHD L S o —EHETH < EROBBRMOI LA 2R O-dEEZOoND.
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s (1) ST-Patch e e = (§)) EARILPEEE ¢ 00 0 o (iii) E#E RRC + Parzen

100 g
| N *o 3o
80 L §
= NI \
s ©I S
240 Se~s
A~ I
O 1 i i i i
0 20 40 60 80 100
Recall [%]
(a) BS
100 (g orIT
_‘ .
80 “\ ‘
S e
=] B -
S 40 [~ ~ N
5 [ \..-_-
2 20 >
A : S
0
0 20 40 60 80 100
Recall [%]
(b) XFHRBA
100 AT Y N
80 | T3 N
— ‘15'.
S i A
- 60 | N
B 40 .
g 20 | >
0

0 20 40 60 80 100
Recall [%]

() TRAL—4

3.11: Precision Recall Hif#iZ & % 2.

3.5.3 REFEOERERDTMER

AREITIE, IBEFIED 3 DOMBEEZOANEOE MO, B L OAMEE FIET 5 5F %5
filiL 7245 RIZDVWTIHRR S, T ZTREFIEICE 5 3 DOMEREHE L L, (1)ST-Patch Rz &
S8 E OEHMOHH (3.3.1 i), (2) BEEBSMIZEI2ERETIVOAMK (3.3.2 i), (3) BkHA
HOEFRET VOB (3.3.3 i) THd. 3.5.2 HiOFHMIER T, RAEKRBIRBI DK E % 3l
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540, 3DODEREZDONEDEZENEMTHEDD, £LEDEENED LS REM|THERT
HE2DOPPARHETH 2. I CTAHOIMERIE, SHEKREROFAME2 A TOFIETITS.

o ETEN S 1 DOMKERDREZ PR L 72 3 DO TFIRZ KT 5.

o IMETIYL 3 ODDOHIRTIEDM T, Precision Recall Hiff% i3 5. HEBOFEER2 S, £k
REZOERMEDOAEHEE M T 5.

o Recall R —IZHi A 7= T, BERDE/LDIRRER D False Positive DFE ZIRETILE L I
FEE TS 5, BOEEREN S, B ERVERIM 2 R 550427 5.

B RRFEOBNERDTMEER

RRETFIED 3 DDOMRERTNET NS U 72 Ll T2 DU T ORRIZEE U 7.

o BT L 1R OE) & OIEH 2 HER) -
BHRETNVOER L EEOMAENZEWT, ST-Patch FHHED SBE DR (X (2.4)) DI 4~
6 1H) 28R LT, RADKD (X (2.4) DFE 1~3H) OAZEHT 5.

o WBRFEK2(BERETNOLIENZHR) :
BAERDGORD D ICHIED T Y ANHTHERETIVELERT S, 72, EROEHFIZHL
T, FRERAAZENL R\ (3.3.3 fiD Step2b 21).

o BFEI(TRETNVOEG ZHIR) :
HHRE TV &2 HIADBAI ORI R L 722w,

B EBREROEWEDFME

B A DFEATIAS IZ 0 9 % Precision Recall Hiff% X 3.12(a) 1279, X 3.12(a) & b, Precision 7*
100%A3E % 5 Recall 3 100% (3G £ TOIRNEEFIZE S T, RETIED 3 DOHBTIEL D BHIZ
HEANZH D ENREMEREZRIEL 22 2”0 b, KoT, REFED 3 DOMREREIR
THEEROZMDOWICENTHZ Z B bh b, KT (b) DILRED & 512 Recall 53 90% ~
100% D E WA DOFISIZE H 95 &, Recall 28 90 ~ 93% D% & D HEETFED Precision DM[FEIFE
JE727%, Recall 7393 ~ 100% D K [ TR IR TFE 1 O Precision 2MBD LI FiE L b BV, Zhid
BEDKENIZBWT, HEFELISHIE U BERER 1 ORPKRENI & 27RT.

B BRERI G = RIET 5 XM O

B DRGSR IZ, Recall DEMERIZZEERIZBNT, BEOZIDIRERN D False
Positive 2R E T & 3 DD T EE THEE LU 72, Recall DEIEAIZIE, 5% = ER L. ZD
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95%1%, Recall ZBEIZE K RET S L BRI O RKE HSREUZ 72 D BFE 72/ 1 12 & % False
Positive WM Z D ZEIIHET AMEAR D > 722 L 2 Z B L TN VAZIYHREUIESTH 5.

— REFEK - - LBFEX1 — - HBEFE2 oo LB FIES

100 <

80

60

40

Precision [%]

20

0 20 40 60 80 100
Recall [%]
(a) Precision Recall B #g
100

80

60

Precision [%]

40

20—

90 (95) 100

Recall [%]
(b) (@)DT ST D Recall 95%FEDHEKE

3.12: IRETF L IR TIED Precision Recall HiKE.

—7, HROZADIREZ, BAOFMMGIZ BT 5 KRISHARZLTH 2 HIROMEDE/IDOA,/
ke, FBURORFTSRZELTH 2BIARDENOE /T T AHF L7z, 2720, BROfFEN
I CTEEDIRTVNRELLEDLBDT, 22D 5L ZITiE, FHOEN (BOERZ T 1N SRE)
&, BOEEN (BTN Z THORC® 2N SREE) (i U7z,
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LA EDFIETRD - IREF LR S CITHIRTIE1~3 D

Hb =
H R

DEALDIREEH] D False Positive D F

AR 33IIRT. £33IIBWT, HTFIE1~3 OAFI False Positive O E, H5ITHRE
FIREHB U AN THD. K33IZBEWT, HROZ(D ANY D5, HIROZLAE B & i
WD GEITHS.

#£33IIBWVWT, HEEMEEZXBEMEZIZER U-KIZ, False Positive D743 D3EEZEIZ NS 5
Wk TREKTETRY. Z0EE. 3D2OHKFENT IS, BEEITHINT 2800 o7,
CHIIREFIED 3 DOMREED, REORMIZTRICAMMEEZRET 2 Z L 2RT. UTIZE
DEMIZDNWTIHRAR S,

# 3.3 IRETIE L T IEOIRIRER.

BofEN | HIEOZ4L | EEFiE LRIk 1 LTk 2 HEFES | 7V—4%

i i 0 0 7 i 0 7 I 0 | 2 1,693
g 0 0 pesiia 0 ZE I 0 ZE I 872

% i 13 | 309 | 4206 | 37| +24 | 23| 410 1,046
f 22 | 321 | 4299 | 46 | +24 | 50 | +28 666

i 1 138 | 389 | 4251 | 213 | +75 | 234 | +96 1,319
# 124 | 282 | £158 | 241 | +117 | 229 | +105 800

i ANY 0 0 | zm 0 | zm 0 | = | 2565
% ANY 35 | 630 | +595 | 83 | 448 | 73 | +38 1,712
o ANY 262 | 671 | +409 | 454 | +192 | 463 | +201 | 2,119
gy | 207 [1301] 1004 | 537 +240 | 536 | +230 | 6,306

o BRER 1(FHEEOHE & DFEH)

HEEFE 1 OFEBERIZBWT, BOFENPEORICIZHBOZ/{OAIZ L 5T False
Positive DZ X\, — 7, FENORIGIZ & S THOFEND D 5 & Z i False Positive 73K
IZHINY 2 (HEOREDZDBERDEE T, BIORENITHT+595, HT+409). U EXD,
FNHEOE E DML, BORND X S REANRZEIDORIIIKRES G TH 5.

o BRER2(HRETIVDLIENE)

g F: 2 OFEBRFERIZBEWT, BofEhsimne SIZHROMEDOZ(ATNRELD &
(+75) H B & & (+117) DS/ False Positive DIEMAKE W, U EXD, BRETIVDOLIENE
13, ZRRAEEROZMCDOEIIZENTHS.

E72, HROBEDOZIDOEEDEFIT, BORENITHOKF (+48) & D LIV (+192) D
Ji %3 False Positive DI K E . PAED FLEHE R ITIROE O FENDHE 5T 7L D AERRIZ
HBLAWZ L 2MAS e (34Hi22H), TRETIVOZIEEIZH 7T ROL{ADBEH
WZHAETH 5.
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o BRERI(HRET IO
W FE 3 OFEBAERIZEWT, HIROBEDE/IHE B L WO AFHE, BokEh
PFFVEE (438) & D HEEWEE (4+201) D F5 A% False Positive DBEMIA KA E ., B EO EERE R
IZERWEIORENDE FRET VOERFICHBE L AW L2 MRS e 34Hi22R), §RET
WVOEFIIH - EROLAADBERIZENTH 5.

3.6 F&oH

ARETIE, RXEEEOERE MR /- R ERSE O ST-Patch FiE %2 W - ERET VI
EBEARAOFEEZRBE L2, FHMEEBRIC XY, BARE X ORI ZRZEDE FICEET
LREMN, BN, TAHL—ZD3IDDY—IZBWT, BETFENEFHEOEREF -2 WEXDOH
WOAEHANERFEL D HEN S ERERZ R U2, BRI, B, BN, T2V —2D3
DDY—=VIZBEWT, REFED F M, EFCEERE X 0 IEIZ 32%, 55%, 32%#Eh, EHE RRC
& Parzen #E % AW/ FiE & 0 BIEIZ 5%, 4%, 14%ENn7-.

E7-, REFHEL, 3 OOMBERE (FEEOT EOER, TRETLVOLIENE, BRETINVOHE
) ZHER U 2B FiE e OEBRFE RO X D, EFELD 3 DOMKRERENE THROZ(LORINIZ
BNTHBI L, BLOKHERERDENEZ RIET 2R M42H 52T Uk, MEREERITNEIZ,
DEND & S B FAN R, ZRRBREROZR S TITH 2R EROZ(ADBH, H-miR
DEAANDBRIZZENFTNRHCENTH 5.
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BAE

FFZEERHEDRANFEZEHAWCE
PR

I3ETIE, A ATEBEHOEFO KM E L CHATZRZAITR U THEE R BIARRE O FIEIZ D0
TRz, UL ULARNS, ZOFETIIRIMT Y 7B CEMAZRIT 572012, MAT) 7HD
VIR DREE (N) PYHEDEIME L W o 7232 B iR 2 55 T e TEAWn. AKETIE, RAEHREE
CRRETFEENIZ LD, AATHEGEFO NS E R L, ASHSNOE) & DIEEFE» SIRE & VS
ZEFEIN L ENE MR T B FIRIZDOW TR S,

REFIRIT, BERREEZAWZIEERHEOR, RZERRFEOMEINTEIZ X 5 A0
H, NOWMACEAMT UZEEEEIC L2 REFHEREE VWD 3 DDERENGHEI NG, Kz
R 12 1% ST-Patch R 2 H Y, #EHFEIZ1E Real Adaboost 2 HW5.

FEMSEER T, BRPCTATY TREENICEHESHRIIEIZAAL —XDY = ITBWT, R#EF
RRPECRFEL D BENREERZIGL, REFEROARMEZMARA L. £z, EAEEDOIR
f R L HRE DO EBRFE R Z IR T 5 2 & T, REFELVPHZO/NS LEFORBIZENTVWSE I L %
R L 7=,
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4.1 FERFAEDRRE
WEMEMH O T2 L LT, SCHk [59] TIE SVM % FI\ 72 iR 04 D HERE 12 & 2 BIAME % iR

&Té%%#%%é%fwé £72, WK [60] TIE, BIEIROREOILS AT %2 F W72 FiED 2
EINTWS., BIIMREOHTRERENLFEE UT, R [61] T, Cubic Higher-order Local
Auto-Correlation(CHLAC) & Wz FIEMRE I N T WS, CHLAC & 2 flfb L7 7 L — A%
53 DIRERINZ R B DN R — 2 2 U4 TRO THEE LR ETHS. 20O CHLAC IZRA &
B O %R, Sk [61] TIX, CHLAC & ¥HEMEOMALEbE TEREIEZ RT3
FEPREINTVS., ETEHO T 2 —XTlE, EFEEDY > TIUh 5 CHLAC D442 %
%%Té.muﬁm®7l—f@ﬁ ASTWfH S B U 72 CHLAC O 22 h & O i % sk
B, BBEHN L EWEM EOGAICEEEEL U THRIET 5. CHLAC IZEHEEDM, KD R
yby—y#6®4&yb®@m«®ﬁ%bh%éhfméu@

fllizd, 78—RT MRS AESETHEORTRERNZRT 7o —FThH S, Sk [19] T
X, IbN—ﬁW’BmT7U—Nﬁbw%%&b Z DR S N J 1A L BRE D BN & BN

WEMEZ M T 2 FEMREINT WS, Sk [27] TlE, SIFT R L 2R ofit &,

%@ﬁ@7n—«ﬁb»@%&a,E%%®7u—mﬁbwwﬁﬁ®%rwmmiof,%?»é
ﬂ%?éﬁ%%%ﬁﬁ@tbf@ﬁ?é%&ﬁ%%éﬂfm
BEBEREE LD ZEEHO Y — VIGHERAT 5720121, Bahowks®) < BiNRimA0xf
mﬁhgﬁﬁé.CMAC%7D—«7bw£®%%$& ¥, ZOHMLREFRADONIGIXEEETH
. I, BROBHEOREMEBOTIZAOHEORMENHEENTLEI NS THS. ZOMHE
I, BEBEOEG OB E NI WVIZEEE L5,

4.2 BRBEFEFO770—F

ARETIE, RHEEOHTRIZERNL D DZ2FHARE U, BRAERTIZE W TR
WEIE 2 RIS o TR 2IRE T 6. RAEMNZREETE X, ST ORE BB D 7 OB 444
LOES RIEREENrSRHIL TEE2REEHECHS. REFIETIE, EIWRORZ LFHEOD
TR % OF R o 72 22 [HR D ST-Patch R 2 FHWC, TRBLOCADR A LB & 0Kt &
FUOHEOIEHEZFFT 5. RIZ, ST-Patch R ORGIHNFENIZ & AR HAL T AR Z R
s, 2y, ERBAT, §REAZRKEPICEDTS. BRI, ASEAOIEEREIZA
PR OEHEEIC L 2EAMS T 2T, 22k, ANEBENOADMAIZEANITEZTE I L
T, BROFBEOXELIMIET S, M4l ITREFTEORNZRT.
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%‘ﬁ —> ST-PatchiF M ENHE S LUVIEEEEDNTE —|
E=
ASHE > HETRPEICLSABEOBRE
HASER o _
IEESE
N ADERIZEHFTELT
FEEEEICLIEEERE -

4.1: IREFIEDRN.

AFETIE, BUF, 4.3 #il2 T ST-Patch R & SIS ORI %2 W 72 REBEI/ER T D
FIRIZDOWTHR S, 44 82T, TAHV—XE2ENRE R, &EEZ2REEES 72 ERDE
BREMFIZDOVWTIHRAN S, 4.5 #ilcT, FHliFEMOEBRBERIZOVWTHEN, REFEOFINMEZRT.
4.6 HilZT, FdEIRNRS,

4.3 ST-patch#FEE & ARERE ORRETRIFEE 2 AL
EBEFR T

ARHITlE, ST-patch FiflEZ AW IEEFEDOFE, WHatHwEIc & 5 NEigd, ADEBs iz
HAM % UIEEFEIZ L 2 BFEEHEREBIZOVWTIERS,

4.3.1 ST-patchFHEZRVALIEEEEDFHE

ST-Patch R [7] 1&, 2.2.2 BiTiR 7= & 51T, B /N O REZE R O PR O B FlfE >
R2ZLBEE2RA-FREETH . REFIETIE, X (24) IR U7z ST-Patch FiED 6 T
PUREHWS. £, RETFETIE, ST-Patch FiE D 55HHE T 115 Continuous Rank-Increase
Measure(CRIM)[7] L FHEN 28 & OIEEFHE %, BESORRNZEFEHEOFRE DR L UTH
W5, BN, 20O CRIMIZDWTHIY 5.

X (2.3) DITF) M DEHEZRZ Ay > Ao > A3 &L, 78I M D E2x2 %275 M &L, 175 M° D
BEAMEZ A >N ETDE, M >N > >0 >\ OBRIZHS. ZnsOEAED S, CRIM
ERX (4.1) O Ar TEHET 5.

Ar = )\2)\3/)\({)\3 (0 S Ar S 1) (41)
WEIZMPEATE 2L &, Ar IZNMEEAN O S OIFERE 2 RS, WKIEILEDS U < I3—H7%
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WA B & ki 9 28561, Ar X0 EM <. Kz, RO E»ELT 2561%, Arid1i
AL

4.2 DflEFAWT, CRIM IZ EFEBEI{EDOMkE e REBMEORELZREK A TEINEN DL L %
R, ZOHITIEEE GRS CRIM G U772, X 4.2 (a) Wi O /25D S 45 £ Tl L 72
IEHEETHS. M 4.2(b) B AbmD» S AIER S 2@ Tl U - REFHETH LS. MATH0 3
FIDBEEDERZ T 5 &, BREFFELD 2178 3{7DOMEARE V. CRIM IZETH A 0.109, #£
HEN0.642 TH Y, BEDHDPKIFEIZKE WV,

5586  -17 -2171 5050 -288 -1836

M—[ -17 4620 44] 0.109 | M—[ -17 4412 563] 0.642

CRIM = CRIM =

-2171 44 1554 -1836 563 5309

(a) B3 GEEEE) (b) ExfE| (REEE)

4.2: CRIM D ¥,

4.3.2 WEHNETICK B NEEKRH

BRETETREROBEOHELZBRIET 572012, KENICHBEA T AMEREZ R L, A
WORZEH QA BED & CRIM 2389 5. BT, ZOASEEBMHIZOWTERS.

AR, RATRHECRE & BRI & W UMERR I O ED S K IBEI T WS, Haar-like FifEE
DFEFHEEIT K 2 BFIROMR [62] %, HoG FEE DFFHNEE I X 2 NFIROMRH [4] HMUERH]
THd. BEFERING OFELFERIC RO NI ST-patch FEE OHEIFE %2 H W 5.

REFIETIE, AFHBOFE & M2 Real Adaboost[63] &\ 5 FiEEHWS. T OFEIFFEERE
12, REEE D EEEIZ Positive & Negative D[fj 7 T A DHERZEEEARZ KD, WiE DD HEEE D =W
£ D % FrsE DIER VT RING 2.l % OREE I IG U 72 3800 BRI 59 3 28 L IR IEN 5. AR
TRERE R, SRR AR ORI RO & 2B, TR AR L FHEN . X 4.3 12 ANFEIS ORI
DI FE O EZ /RS, RETILETIX, Positive 7 7 A& IEHENERO ADFEE, Negative 7 7
2 BERBIOANEBHSNHZ 72K & U7z, Negative 27 7 AT N % E I HE 2 72 I8 % & &
7ZHIIE, WiEd 5 ADHLT CRIM 2T 5 Z Lol TH5. ZIT, @ithd 5 ADHLD
RATCEHT 5L, ADOH#EAS U IHBRHHIXRZEROEFRN 22 ThHd. NORED%E ANfEEE U
TRt 25 &, TOHEIEHND CRIM IZZDZ» S mWMEZIN>TL X 5. @WED CRIM I3,
4.3.3 Hi TN 2 EZEEIEORIIERET 5D THIEZ U,
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/J\TJEEQ'\U)/ > 2 _, ST-patch#$# & __, Real Adaboost

E #EEH:} -

Positive > FIL

SRR 25 .
H(x)= sign[zl hy (x)]

EEEHlE HEREERK

- Positive  Negative

] ¥ " -+ W_

1: hy(x) 1/“\

#
2:h (x) M | —
. ’ < AN
) = T AN

Negative > FIL  AD—E 45 e

B 4.3: NGHEISMRH ORI FE OB,

N O, FEEREACTROBNIZ LTS, £F, ANBEOE T L — L% /NMEEOD
FAITHEIL T, INEEEO ST-patch B2 MM 5. Wiz, Bty v FU 25 AXERL,
Y 1 > R NO/NEIRD ST-patch FEE D 53K 72 Real Adaboost DA &5 D th )1 H3EifE
EEA -0 DR AR UTHRINT 5. BRI, ML 72 AL, Mean-Shift D2 7 2%V v 27
THEELZEDERHEET 5.

REFHEICBVT, ANMEEBOMBDONT A =2 THLIRE T 1+ >~ RO DY A Xk 70x130[pixel],
Bt 1 > RO NO/NEE DY A Xt 13x13[pixel] x5[frame] 3 & OTHIFE I 3[pixel] & L7z, #il
U4 ¥ R NONESOMEEIE 741 {H, FHEEORIRICIE 4,446(=T41x6) TH 5.

4.3.3 ANDOEDICEMMITE LEIEEEEICL D2 EETHIERE

REFUETHEROHZORELZNIET 5720, AFHIEHNDO ADEBMIZEANIT U720 H
BifEi7» & CRIM 251589 5. ZOEAMITIZIE, ANFEHENANO/NEEE D Negative(H52) 1T 5
Positive( N) OFEEHUZEOEBEFEEZ AV S, ZORBFENKE/NMERIZY, AOEHSERITWH
LZHREMENE VW EFE X TKRELREAZEZ 5. ZOEMINTIE, UTICHRAR S HEFE OEH
ExzHW5

IREHA R DML, T il BRI R e, IT/INMEIRIEIZ RO 5. 59l 23 DEHE 1% Real
Adaboost DILEAE & DEEED 2 DDIEFETEIE T 5. f8ED 1 DHDIGEEDFED HEZ2ENS.
Real Adaboost D FHil#%1EZ N ZE 1, Positive B & U Negative 7 7 ADMERBEREBE L A N T F
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LCHREFT 2. H55HHRICEVWT, FE&E%Z 2, 26U AN T LDE V% j, Positive B
LU Negative 7 7 Z DR E%E Wi, W 95, FlAEHOREHIZR (4.2) O h(z) L7535,
1 W+j+r‘3

h(z) = §1n W te

(4.2)

R (4.2) ITBVT, e FHMINIBBRIMTHY, HRD0ICRD I EMIET S, h(z) &, W H
W kD REFNFEOHBEZMY, KNS FNTAOHSEIS. £72, h(z) PEDRKE, Wi
DIEMR W DL D KREWIEE, h(z) BRERERID. T OREMH h(z) DREZE, o 23
295G DI DEHETH S, K43 D hy(z) DEHE, « DENFZF 7OHmRE D EfITHN
i, hi(e) ZEOMEZE L 2. £72, o D75 7 OhRpSEIAN SITHENT W IZKE < W I3h
XA, hy(z) DIEIFKREL 25,

2 DOHDFMBAERDNEEE a1k, AT TLDETOE Y OMREEN SR (4.3) ICLVEE
T5.

a=1-) W W' (4.3)

A3 DalF0ro 1 DMEEMNS. £/, WL & W. OMEREERBOELRDHININVFEKRE
BAEZREND . ZODHEE o 1, WBHEROMREEEBMOEHETHS. X 4.3 DG, Positive
& Negative D] 7 7 A DMEREERAMDER D DN 7 hi(x), hao(z), hr(z) DIEIZ, o OfEIZK
ELAN

M ERD 7 INEE h(z) & AHEE o 1, R (4.4) 2 O THMRBIEROEEE e(x) ITENT 5. e(2)
DEM K E R FRAERIE, ZOT7 LV — LBV TEWMEHEE CTAHEBNOADHBR 2R AT N5,

(4.4)
0 otherwise

e@):{ ah(@)  ifh(z) >0

RIZ, NESSCEAL DS TEE B, /INEIRIN O 55385 28 DS HEE e(z) DFFITH 5 X (4.5) THE
I 5. ZO/NMERODENL, 4328 TR AEEOME EE—TH 5.

E= Z e(x) (4.5)

zeS

R (4.5) F O SIFATIBADO/NEIS, » € Sk S NOREE » DEAZRT. E O, /NHEEA
K EREHE OB N L b 2R EL D,

EHEECHIE L7 CRIM I, U RORRIZEIET 2. $3EEHELZRUZIBELAR G 2X (4.6) T
AT 5.

GE: ElGlT EQGQT EBGBT (46)
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X (4.6) IZBWT, BIZAFHEBAO/NESEORE, E., Gk FHO/NEKOEHEE & RZEH O
BfEDA Ry 7 THo (k=1,2... B). Gg DHZEM 4412177, Ggp 2RO, 431 HOF
JIfT CRIM %534 5. ZOEAMNIF CRIM &, AFSOREOEHE % H VT ASHIENDO AD R
ZLEEIZKREREAMEEGZD. ZNIZLD, BROFEOXELIRETE LML 5.

e ;% EEES = 3

VINTTT#]- BusEE TR ‘M

| /,l'"_ ~ | N L L

b | 7|~ A :F_ 3~ —‘J"/ ff...

=N TLA-T > “TH.

ZVNNE i o
<™

VALK T T VA N

AVARRT g | £ N

¥ to"‘t“ -{:\::\... "’. .t: = \‘\

L ’, A \ ‘_— ............ ._> \.1__‘-

AEBNIZHTS _ Ea TSt

B Ze R O A ‘ B ZOR ) AL R

B 4.4: SR CTEHAN U 7 RFZER O B BED F.

BRETFIETE, FE7V—L0I12B0WTE2TOAEEDL2S CRIM 251894, ZLT, 1 2 EDA
TIRAIZBWT CRIM 2 BIEZ B R Z L 255412, 7V —LBNTREIHEOREZMET 5.

4.4 FEERFMHE

ARECIEIHHEROFMIZONTHRR S, FHEEROE FIIERZMOZL AL -2 Lz, &
RPTIE, EHMZAT Y THRET S, AFEERIZEI 2 BHEEEL, TR0 —RORERO iR
EXRETDH. ZOEBIEIAN L - X TRENLEEBRHTH Y, MAFROELEZ DL L
PG INTWS [64]. AERIZB T 2WEIDOT — &1L, 6 ADOEHEE I EHTITo 7.

AATNE, TOTAAV—ZDIEHEP SRR TFATHETIHRY Lz, ZOARX T TP T 5 H
BHIZBEWT, NDOPREEEP SR X S5ITHYD, T AR X > TRIFREHETH 5.
ANDFEE, BATIZ K> CTFRRT L Bl TREINEMT B, 7 A T 1F 360%240[pixel] x 30[fps] O]
G2 R ER U CTEE L, ZhEfHEEROAI LT 5.

MO GIL, REFIE2 DL, WERFE2 2L L. REFREIUTD2OTHS.

o RETFILL: BRIEDOEANE CRIM IT & 5 Fi%

o RETFIL2: GRIEOEAML CRIM IZ & 5 Fi%
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REFEL L 2T, NEEKOMEIZIETH D, NSO D%, RETFIE 11X 4.3.3 ik
T, REFHL21343.1HDAEKETCRIM 25159 5. CRIM 251 L 2RO EZEEFEOMITIE, &
555 433HDRKETRRLZFETITS. {7V —L47T, AHEEAO CRIM OERAEN12TH
B 2 0 T XTSRS EEA, ThUNDGE & SITRWEEE L HET 5.

PERFHIZ, BROHEOZEON L REEEOMIBITER RIEROEMZ#EH LU T 2
2 L7

o WERTFIEL: BROREAD CHLAC 12 & 5 FiE
o [EETFIL2: BRHOKREMD CHLAC IZ & 5 Fik

PERFIE 11X, BT 50 S W) & /NEURAL TR 2 12701 [65] 12 & O AR D
WA UBIZ, EAERERELUZBURE ATNTHWS. ERFE 21X, I A TOMEEZD
EFEATLTB.

BETFEOFME, ATFO@EY THS. BEFIEL & 2D ANHEEOME DEEIZIX, Positive 7 7 A
% 2,002 ], Negative 75 A% 6,048 fHDY > T2\, #EkFHE1 & 21%, CHLAC O R
ML, PAHEERD SR [61] LA L 20 7 L — A 2 ED 2. EAZEMOBEIZIE, AW IERIZ@EY
5% 3,000 7 V—Lz Wz, MAZmEOUotE, BETFEE0.99 2564 Uz, fERFHE 1 TES
WIt, WRTFHE2 TR U4RTTE LT,

4.5 FHERER

AEITl, EBEEREOH, EEIMOERIZOVWTIRRS, F/z, RETIEOZEMAERE D AL
R UT, NDKEIDOHEDIMAER, ANEEH O MRS R, 28 MIRHEE O LI ETHm O % 1
IZDWTikR 3,

4.5.1 ZEREER DA
B RBREFEOERERDOH

RETFHEOEBEROH L LT, CRIMDZ 77 eRETL—L%2X4A45ITRT. 77780, £
EFE T ZRFEHEO 7V —LATHMEE D KIBIZE LS, REFIE2 ZRFEIHEO 7 L — A CHfEZ
EPIBAZGELHARVEERDH D b5,

¥ 4.5 D 100, 308, 686, 982, 1,267 DIFE 7 L —LIFNHIZ, @iEd B A, FAiziEs A, FAi
flcRkERBETERALZA, BICKELREETEREILAZA, FHMlTNS2BE TRELZA
ThHb. il 2 2IXEFEE B3 DXBREEHIETHS. KERBEOWENEL, E&E L ZEBIC BEAR
ATy TDEL FTHENEZZ LT, BEOFNIRKIETH S, NS REEOERENL, EEDT %
WCFEEATY TICREEKELZ 22T, BBORENI/METHSD. ZOHFT 686 7 L — LD
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&, MEPFATHI2OEEAREVWI LD, HELOFEAKE V. 686 7 L — L DHRE & Higd
LY, 982 B X 0N1,267 7 L — L DIEFEI DG EOEBEIZ/NE W, TNFh, AEPEMAE X OffE
DEEDPNIV. TNHRERT7 L —LICEWT, RBEFE 1 ZEEHEL ZEIHEELLTEL Y
U, —J, BETE21E, 982 & 1,267 7 L — LA DEEFEID KRR TH - 7=,

REFEL FEEOEATE CRIM

REFEI

- | REfE=0.7

REFIR2

T I | - | C BEEHE
m | | | C ERBE

a 100 200 300 00 500 600 Hiﬂ 800 300 1000 1100 1200 1300 1400 1800

Frame

B 4.5: FREFIEDFERE R DB

ZZTH 45 DRET L —L%2NRIZ, BEENGZZANOMH~NOEAZGFHILZ. £3, AMH
B 5 NDDDOHEE FAEETHE U, I, ADES & NESEEDETEE DR 2 Kb /-
A, BECHT BREIEDEIE, 4.5 DENSIHIZ 71, 79, 62, 57, 66%, T 67%TH - 7x.
INSDIE, EHEEZMSEETEL DO CRIM DADEINDEATHS. —H, AOEWHHD
W ER e NS 2RO ERO L, X 4.5 O SIEIC 39, 59, 41, 31, 35%, 5 7L —AT
EHT AR TH 57z, TNHDH 4%, EBEEZMELTICAFHE»SE 1RO IBEFHE2 D
CRIM D ADHHZ~NDEATHS. BEIC, EEHELZMHES L ELHbhnwe EziNd L, HiEN
EDT7 VU —ATHEN, FHUTIHEEEZEDLRVRXL D 26%EN 7.

B {EEFEDEERERDH

¥73, X4.612 CHLAC DAL D7 L — AMES D 2 fHEEOHZ/RT. 640 7L —LIFAT v T
WA g, 1,250 7 L — A IFEREIBIZA Ty FIc B2 E MU TH L. HRERELE
AN, ANOWFEKNTHRATHS. —FH, BREEGEAZAME, AOWIBIZMAT, A7y 7D
FEEEATVS. o7V —LEFABOMAICH - 7.
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#640

#1250

B 4.6: 2 fEAL L 72 7 L — A5 O

WIT, X AT IZRERTIEO TGS RO 2/ 5 OMBMED 77 7 e RE TV —L%ERT. KFE
DETV—LOFHEIZR 4.5 LFA—TH 2. @hEDSZ 7 L0, ERFIE L ITEHETE L REBE
DBz DL TOWEH, FERFE2 ZME OV TRV L3025, RE TV —LAITBL
T, MERTHE113282 7L —LDMKRH & 982 7L — L DRMREDH > 7-. Hi& %, HEYIL OFAN
A FTIEL, EREDFHERRENDEEZ S, BEHIE, KM AT SEL, HfEo#E
WINE WD EEZD., [EREFHE213282 7L —L0ERED L, IEIZ328NE RRETH 5.

2EW

EEED

. R T
% o

§ — i fkER

5 BE-S | muwe

% 4 %wwﬂwwvfhﬂﬂJu&M)wwvﬂﬂ . ERBH

10 1200 1300 1400 150
Frmne

4.7 RERTED F2ERAE R DA
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4.5.2 TEEFTMOER

TEIMIIEE L EAD 2 DDEMEZ NS L Uz, EBAE, M48D XS IZAT v ORI E TH N
TEMWERIZ, BErs—BAIZBDEfETH 5. EEL Y BB EN AW\, BifEofEED
Bz A8 EHETHOITHEONS L Uz,

X 4.8: JEADHEERDH.

MR OFEMIZ 1%, EFEME 18 7F— A, BEEE 12 75— A2\, HADFEIZIE, EHEE
18 7 —A, BEEE F—AZMW. EFHEL, ATy 72887 58FETH L. @ik DA
B (1~4 N), Wi TB00E, A7y 7OHM (ED - F0) 223872, i@El, @it s A5,
ATy TOHN, EEOMELEHEOREI 22T HAX, BOMEE AT Y TOHA%
ZALE . ML EDEA L EAP & OCEFEEDFMBGED 7 L — L8355 6,486 7L —ATH
5. KTFECTEFHERIOBMEEZZ A 72 & E DM LRRHIEEZ, X 4.9 D Receiver Operating
Characteristic 7 — 7 (LA F ROC 77— 7) IZ/;_9. ROC H—7Tl&, 77 7h%E EIZH BFEICHRE
PENS. ¥4.9(a) DJEATTFEROZEINZ V. —7, B 4.9(b) DEEAIFFEMTENKEL, #
EFE1 PR LE RIS 5.
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—iREFET oo REFHR2 == EKFEK1 - ~EKFH2

1.0 — >
""” ."7
08 h./
. 1
fn.’
B !
i 0.6
H K]
® Iy
04 Hf
v
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
(a)lEH
1.0 S
'_—’— P *
s .7 o
0.8 Tt T
f-"‘ . S T
s 0.6 r" Zeo T
% . I" ...... v
& (e
(]
02§
0.0
0.0 0.2 0.4 0.6 0.8 1.0
(a)EnfE

4.9: EEEE & JEAFED ROC 71— 7.

RKAVITRTEBIER 10% 2 RERUTT S 2R 2 KT 5. BT AL, ZWNT 0. /BT
2 DIAME 89% &\ D @EWME, ERFE 2 8% &\ D RIFRfliz 1472, Zhik, RANKES AR
WEEL, TROBEOFELZINIWILE2RT. KIZ, BEIFFEMOENAEL, REF
E1DPREEWVE 3% %G, Tk, REEKFIELDTHE L T 16%EN S, REFIEL L4
KFE 1 DJEA L EFEOFHEFER L, BEOAPEALD HEG EOHE NI NI L 2ADES
&, MIEEEELVER LOF SN LREHEOMBCENZRERH L EEFEAOND. RE
FHEIPREFE2 L0 B%ENE L e, NEBOMEAMECHBETHLI L LD, FEED
BEAGUIBRZOREICESET e Ex 6N, &E, REFELMERTEOEOERIE, 412455
Hi DFFAMifE R 2 E O TR S.

ERFMZE LT, MIEPARR T — AWML, REFE2 MEEFIEL & 21X 4.5.1 HiOFEEKR
FEROF AR TH > 7z, Wik EOBE AN RBEFEEEORMH, BLOHEHBE EOBE B KER
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#* 4.1 R 10%K O SH B EO IR .

ERES RETFIEL RETI 2 WRFIEL WERTFE 2
K CRIM CHLAC

N FEIRRR T &
HRAHOIIEE | FHEEEAMN N REIAR HRAD i
e} A 89% 89% 89 % 78%
L] 83% 59% 67% 42%

IEHWEEOFMRE AL o7, BEFIE 11T, @E@EDORHDOAZEOIMENDRMREDR D > 72, A
Ty TOFHOERDIED B—HITH S, Thid, REHIFEZBRE U RICREEREEE D 5 5@ D
BfERiie U, ECHEORWIERWEEE REEZ XD S NXRRP IR ERX L. £, B
H U 72 NS D FRT %, M AAEY] 2 B Q8 S IZZRHE A D o 7. T3, HEED AFHIKE D
iz HIE L, FHIOADEE OFELZMILTNIXMRPTREE XD, 0b, HEAIERT 5@
HUZHREIS 2 7 —ATH, REFRIMER O NFHRZ BRI L TR ZzRETE L. 2ZL, I
Wi B N L, ET 2 ADRFRIONIZIFER S N aro72720 e F 2 5. AHE DR
DRI, I A XRMER BT 5 2 2, SBRAHEBOMMIC LS EDSERD I E A
L/EDBEHTHRREZ R D.

4.5.3 ADKZZIDHEDOTMER

NI DANDKE I VREFIHEICGZ 508 2 EEOREHEOMELTIHML 7. £, &
FIBAIERED AN DR ITTD Y JFEAE A FEHE (2 34l 7 — A % TRl & BUZRIBD 2V — 712 2 5 EI U 7= (Y g
166 HHER). ANEEO YOG EX, FAiH° 130 @iz, B2 110 MET, fi&ixmsE Lo 1.244
KEWV., T, BEFIEL L 2T, ERER 10%FFOHE L FRTOMIHEBOWNGRZ K 4.2 D Xk 5 12RkD
7o RA21ZBVT, FTREFE2OFRIEHOMELREILARD L, WHTENEN. ZHIXMFH
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RE=

HOBZIOEE 360
(Y ILITVhDENE (b)MHI (c) MHID A A ] (d) MHIDAERAM
DEARTS L

X 5.7: MHI % F\ 7= 2o R i i

5.3.4 SFEApIBRDOFEE

HETR A A 2B 2900818, B A TG U TER U R M SEEIcEE T 5. it
%3 %121%, Random Forest[70] Z 5. Random Forest I DPEAD SRR T iz <)L F
2 5 ZDFBIH LR FRANARD —FETH D, 2001 4F(Z Breiman 12 & D #2E X 717z, Random Forest
&, 7= MAPIy FREZEDFEY VT S EBOWEHNEEFET LI LITEoT, #@EY
EHEBOILIEREZ FE D, mUWIMEMERER D Z &, WAEIC & 2 Bl 228 B L O AT
Rz &, 27 AH, 25 ARY VT, HESTELE < ODFRIEATESZ S, 3V Ea—
RV avDRETHEADAT IV Y ORH [39] Uikt AT —2a v [11]1%, K<HWLR
TW5.

Random Forest 1&, SCHR [70] IZFE & Nz EH T IT) X L&D, 5.8 (TR &SRB DR
ERD ORI N2 2T 5. FWREARIE, 20K/ — K (Split Node) & K/ — F (Leaf
Node) IZ & DK TN, D/ — F a0 UIERL, —EDORIEIZ & D DA R AT 78 - 72 B
2, K/ — REERT A2 0BEINS. Qi — Rk, 2 1 IRTcORERE L BED K
INERIZ KO ERIZRIET S, £72, K/ — NIZWUD BFBWFEHY TV OEHRT T OFHELH
ReRFT 5.
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Treel TreeN

c@@

Leaf Node

5.8: Random Forest D,

RETFIETIE, 7 A THEEBORERREED S ZNZ N Random Forest 258 L, WL~k
EREFNTENE G L T 5. WA THEOFEEEZ D, 4 Random Forest DIERDE % T
I BE, SWilRREMORBII D xT &7 5. 5.9(a) (255K #5 D FHE DL & RS,

FRHIRACY TS AL
(ZEBOAASEE) <§£§&%’5ﬁf§ﬁﬁ)
BRI E + KRS BRI E + SRS

Oms 0
Boosti
5534 751 25 : Random Forest I:> oosting

[ﬂ'{& ﬁ”d{})} [& g}{“g{h} o gﬁégﬁg“%

S
Pclx) - P, (c|%) P(c|x)=) aP(c|x)
s=1
(a) BHABOLE (b) BEABOSE

5.9: Random Forest % I\ 729538025 & & 0588 #s DFH .

5.3.5 RAFAIZERDFEE

ARHFITIE, BI5.3(b) DHEER XA ZBT2HEAMOFEAIEICODVWTIHRRS. £, 525
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NI-HEER A A > ODEOFEHEE GO Y > TV 2 5 50z, FEEEEGR % AT U, Rz e %
W5, iz, L zRpEififga e, BENA oY Y IV odfhiES L, 5348 TEEL
T ggamldeiealine o, milnld 2 EE T 5. BN, X 5.3(b) HCRECEIH U 72 SR E A O BT LR &
REZEREE 2 B\ T, Boosting 12 & 0 @ikl aR 2 #3835 HIEIZ DWW TR B,

CZTIEHEBERAAS VZBIT2P0BOFEY VTV OREMNEEED K OBIES L, 1A TH
RAZIS U7z Random Forest DIREARDES {P;(c|lr)i=1..rp} T 255825 EHi 2> 5, Boosting
ZBAULZFEE TNV T XL HWTRA (5.8) Oifihld 228 $ 5. ZOFETNVITY XLTHE,
Random Forest DIREARDEELEDHFRSHIE R XA A VIZBWTHE S RIREREZIRL T, Fah7ik
EARFED S 75 2 A 25 & WA T 5.

Boosting DZEE 7NV T XL T, (16D X D 555808 h(z) 2B RIIERS 52 2T
MREAIEE H(x) 2%8 T 5. ZITEHV Y TIVOEAw LW HREIRD AN, 5558 h(x) %
BIRBIZFEEY Y TV UTEAMNT TS, ZOFEY Y TV T 2EA w iE, RO
h(z) Z#IRT BB, ZOFHEY Y TN E2ENZFEZERTE0E2RT. ELGHBILZY Y 7L
INSTREEA, BB LY Y IVICKREREAER G A D, T LD, IRIZHEENIE h(z) Z2ERT
LB, FEY UV TNVDOEADPKRENVY VTNV 2 L DEFERT 5720, #licKBLZY Y TV %IE
UL AT 2 Z DT E 2550008 h(x) PERI NS, TNEMEDIRT Z L12 & 0 H#E ORI
h(z) 2 SRR S N 250848 H(x) 2583 5. DL EOWM %, EIR U 72 555800085 D IE AR 35051
I ADAT AV C OHE1/C PAEIZ22 2 5% R 7= 9, FrEl#Eviks. 7T XA 5.1
IZEA R H (2) 2 FE T 257V TV ALERT. RERDES {Picl|z)iz1. rp} FITIE, AR
HAATRREZBSE T = Ao FHUERERPEENSG 72D, ZOFHETLITY XLITED
HELR A A VICHRERIRERZEINT 2 2 & T, DY > 7V Tl O mkE BB Iz 72 5.
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7V 31) XL 5.1: Boosting Z o U 725835 Al s D7 E 7L T X L,

1. AJI: JEOY ?;_."bL/7}l/{a:1,y1} {a:J,yJ} BT 5.
x IREE, gy e{l,...,.C}IEFZTATXNTHS.
2. ¥IAL: RV TV OEA w E YL
wj’lzl/J
SRR DOEAR {ag, ..., a5} OYIHEEZ 02T 5.

3. #&:

For s =1,...,8 J/FEIT VR

44

- BT OB O T T —K ¢, DIR/ND G Ps(clx) %

3:5 —'—‘Gso)%ﬂj

J

68 = § wj75

jearg max P, (cl;)4y;
- SRR AR Py DEA o R

o= Lig (1270 0)

BT DHE
if ag < 0 then break

Y TN DEMA w & B

EH

, { wjsexp(+ag) if argmax Ps(c|z;) # y;
Jys+1 — o

wjsexp(—ag) otherwise
FEY YV TNVOEA w 2 ERL

w'
j s+1

wj78+1 - ZJ
j=1 jS-‘rl

End for

4. ;a4

P(clx) = Zas (c|x)

(5.2)

(5.3)

(5.4)

(5.5)

(5.6)

(5.7)
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5.4 HEHREBEFBEOFZEERZ BV -E/EERH

AT, BFERBO 70— %2R, 70—DFAT Y TOHMIZOVWTHRAS. [¥5.10 12
BIERR O 70— %2 )9, X 5.10 T, * 372004 % gL U C R MR SE 2 it s
. IRIZ, 5.3.5 HiTHEEE L 729l gn 2 W CTENMEA 7 3 2503 5. BRI, BfEONIHRHR
ZIFRIPHIES 5. DUF, FEI & @ T b 2 FEEEE GO BTLRE & R 22 R O Ml &2 R 724
WEZDOWTRAR S,

t/’
E
'\} § > PRt ER DATALIE
N v
B S
m g.g R E D H
SRR RS R DENME DA
v

BEDEFRINFIE

v
EEDHTIY
. 5.10: TE%%(ﬁo)Ebﬁgnu nﬁ&@7]j“‘

W SRR RS IC & B ENME D!

535 FiTHE UK (5.8) IR T EEZ AWT, RBOREMSME» SE8EL T T %
AT B HEIZOWTIRAR S,

WARFOMEZX 5111ZR 7. £9, RBROREMEEE 2 284 DIRERIZAN TS, &k
EARTI, RFZERREE o 18 U TEERITRD 72 0I5 % VTR EALD /) — R & Kb J51a
D/ =Rz, METEHERM — 2%, LT, M511IRT LI, &R/ —RigB)
2 HEMER Py (c|x) L BEAMR o, OFEEMD S, SR OFEMER P(c|lx) 2RkD D, BEIZ, X
(5.9) ILRT & 512, P(clw) DFBRERMBEA L RBEEH T TV 2 8IRT 5.
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FrEfmfFEE X x

FR

L] []

B [ IR R 1 gal i

REART REAR2 REKRS -
SEEHAIZR D
BiRMER
X X X
i}}ﬁéﬁ 061 0(2 as

5.11: Random Forest & F\\ 7z 5fG3Rk A #5112 & 5 35001 ORFEL.

5
arg max P(c|x) (: argmaXZasPs(dm)) (5.9)
¢ ¢ s=1

B BFORRIFIE

BEDIS RIS T, R OBE OIS & 5 BAME KT 572012, FEK 7L —A
DI {241 i) 753 (5.10) TR 7 FRMERAHADTIEA 7 TV ¢ %ERT 5.
K

arg max HP(c|wk) (5.10)
¢ k=1

5.5 FEERFMH

AHITIE, FMEBROEREMEIZOVWTIRRS, JHEE Y > P 121%, Microsoft #® Kinect™
RV, ZOFEMEGYE Y 2 ENOXRHANLEICI AT T, RO NEMITTHRZE L. Z OiE
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EiffL v OBRBERNIZBNT, BAdAMEZAWVWCIEOEIEST S A&y L CiEliT—x & L.
EOT— X%, K5.121RT SEHEDOAT I & L7z, SEEOMEL2BRRS &, BEEKES”
Tk, NDOEHOBEZBDEMEZ KLl 5. “THEZREL” TlE, HERSKIT 5. “B2Es” Tk, A
DIEHRDOEEZ 2 EEZKT D, “BOED” T, WHLZ 24080 & EEE2KIT 5. 4
Tk, AO»SHITLUTAD, AODAMIZHRY L. “MEE2E>5” Tk, WHU7z2 /0 HEHEA
TH 2RV ED. “HE” T, EYNLUREDLSKEICHEA, HEAGTS. “H2MEd T, |
SLUTZREE SR LICHIEL FATEIELZ 1EIFTS. “BEZR %7, “BEZERS”, “BD &S, “if
EES IBNTH, B OEEIHEIEOH L U TEIRLUZ. ZEHDN A THNDT — &I,
ANDONEE ALFEE U, BEOME2EARKZALDOAM (K51 5007 ) & Uz, FHliHO»
ATHRRDT—21%, ANOALEEZ ALOMDENEE U, BIfFOM & 2 HARMIZEED FH (K 5.1
D-90° ) & U7z, 727U, BEMEL WV “BKOAES” BLO “Mz2ES” TREFEORF THEDM
ENTNEZ btz 7z, L7, “YRE, “WEMIIT L0 —HOBETE, FEED
FEAMG & OB CEIED M E 2 ALD AR e Uiz, BifE217 5 &1L, FEHAS X CFHEHO 7 —
XCH—D3%L Uz, 8EOT— X207 — 2 %%, FEMHLGHEHEO 2 F¥H, BifEo 8 ¥, 5
BED 3HOMAGDLET, 48 7 —AEME L7z, BEOT—X D7 L =080k, BfEhT I &E
BEDOMAGLET, FEMICH 1,235 7L —24, #BilHICEF 1,242 7L — L& W=,

8
el
(EERD ()£ (BEHS @OBYES
\ 7
8
el

(e)H< N#EE>S (BT (NEZEMIET

X 5.12: FEASEERD T — &.
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REFRIZBIZ2T7N IV XLHDONRT A—=RIE, FHERPSUTDOLSIZED. 53280
T—=RDEFIZENT, ADHEIE —90° ~ +90° OHFIFHT 5° N AZEI 2. ZOADHED
R OHEPAIE, X 5.12 1R T KD ICFHFEFHEFTADMENRBBLZ 90° BeD I L NHED
7z. 5.3.4 Hi TR AR 593 R 88 D2 HIZHE W T, Random Forest D AKDE T 13 100, KDEZ D I3,
e Dot i 324(5.3.3 fi2lR), REEEFK F 119, BEREE TH %50, ¥ 7+v b1
OHIZYDFHDOY Y TVNBIZES Y TIVD 5% Uz, 7z, FERIRA AV OF—&1%, FZEHD
T—ARETE U7, 5.3.5 BTl AR OFEIZSE W, Falkhlds O#REUL 15 £ L7z, 54
HiCRAR7ZBEDORRIPHIEIZENT, BEEKIZT7TE U7

REFEPZB T ERBEDO N A THAOFEY Y TVOTF— X ORI, FHliHD T — X % [
ELUTBTIZRARE N T A =R r iz k2L S E/-. FHEIHOT =X DWW, BIEATERAR % O
T—REHERNAAS YOFEYF IV L. ZULT, 5 100 — 7% % BhERGRO M REREAf H D
F—xE LUTHWE.

M RIE, 7L — LB OREARE U, HAEMEN T I VICER LU, BEEBZOEE
ATITVDTV— L% Nr, RifERPNZOEENT TV D7V — L% Np, RiliEE 7 E5Ee
—H U727V —L8% Ny £ 35L&, Recall & Precision 1330 (5.11) & X (5.12) TIN5, £
7-iH ORI, X (5.13) TR TFFFIID F-Measure(F ) THEINS. ZOFHZ{%D
BfEh T I3V TRDE, REMELTENS FAEOVEEE KD CHEliFEZEE U7z,

N
Recall = N—I;f x 100 (5.11)
N
Precision = N—J‘; x 100 (5.12)
117! + Precision '\ '
F-Measure = (Reca +2 eer ) (5.13)

5.6 =EBERIER

AHT, BEFEOEBRERIZOVWTRERRS, EBERE LT, BEFESIVCMUTIZHRRS
A DODFEOREMEN T TVEHO FHEO S S5 72X 5.1312RT. M 5.13 D75 7 OElNE, EM
ADT — R P TR S53ICRTHERAS VOT—XE L THIHERr THS.

o FE1: HERNAA VDT —XH 5 Random Forest #2283 5 FiE.
o T2 HEFAASVEHERA S VDT —&XH 5 Random Forest & %33 2 Fik.

o FHZ:HHWNAAVEHERASA VDT —RABIOIA THE 2RI RERT 2015
Random Forest % %33 5 Fik.
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o T4 : FHEHOIILIT Y MH 5 Random Forest % Z8 3 5 Tk,

FHELDS 4TI, ZRNENFED T — & 0 & PR R O AL & RS RS E Ol 217 - 72
#1Z Random Forest 23 U, %¥ L7z Random Forest % FI\TX 5.10 ® 7 0 — CHEIfE % i3
5. FHEAX, REFEPS 5.3.1 HiOHEMEHEOFTILIEE KU 5.32 i N A FHADHREZEZ
T = RADEREBENLDTHS. TOFIEL T, BHEEEGROEHE 2 RKE L L7z A 5

Bre UTHF->TW5,
—B-REF& —=—FiX1.BEDAHTEE
FiX. BN+ BETES FRIBRT AR+ BETES

<O FER4AREBDOYILIVNTEE

100 ‘ |

B0 | g

e
. /
LA

0 5 10 15

T FIE [ %]
@
é

FHERT 2P TREF AV OT—RIERTSEIE « [ %]

X 5.13: EBERD T 5 7.

#5.1: 1=5%D & =D F [HD IR,

ERES Recall[%] | Precision|%] | F fifi [%]
REFIE | 90.7 91.3 91.0
Fik1 52.5 54.2 53.4
FiE2 84.4 88.9 86.6
FiE3 87.2 88.5 87.9
FiE4 75.6 75.9 75.7
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X 5.13 DIREFIEE FIE1 DS T 72HIKT 5 L, 75 7 ORKTHIZIXBE TEN, FHZ 7 HN
SWIEEREREDRD DD, 1 HRELRDIZONTHEDEIFMA, 7= 15%TIHIZIEFA LIRS,
REFHEEFHE 2077 720K T 5L, MiHEIFEELD 1 < 10%DHPHTEND DY, 7 < 10%D
HIETIRS S, 2L, FE1IETE2OHBERA S V2TV TIVITMASZE TADAED
ZALITERT 57 70 —F L HART, REFEPRHCHE R A A YO T = X030 & S IZHRERD
BWIZ X ERT.

T=5%ERFMIZE > 7ZRITBITE2EFEDOFHEEZES1ITRT. K5.1IZBWVWT, RREFEE,
FHE1, Fik2, FHE3, T4 LHART, TNENI7.6%, 4.4%, 3.1%, 15.3%EN TS, 22
T, REFIELFES O F D 3.1%1% Boosting 12 & 2 il # O R (5.3.5 fiii), FE3 &
FHE2OFEDXE 1.3%IEH A THMEEZ T —ROERORE (5.3.2 i), FiE2LTFE4DF
ED 10.9% 3 =TH M EFH O FILE ORI (5.3.1 i) ZRLTW5.

F72, X51HOREFED FEI1.0%E 7= 0% 81} 2 FiE 2(FFT K A+ > 72155 Random
Forest 2##) O F i 82.9% & L3 2 &, WiFHIIBE LD £ 8AINEBNT WS, 1 =5%I B 5F
HELUHBERAA Y OT—=X7Z06%E) O FEPREFELD S 3T6%L KIBIZED Z L 2FE
T5E, HETHERHERAN VOEEY L TIVOBZEFIZNEILSIMA DD, ADMEH90° D
AT AHED F A% 81%ME L - WA S, 22T, RIROEEKEZDIMFER LD, BEFHRIZ
NATRRMEEZ T —ROER (FIE 3 L FE2 D), Boosting 1 & 2 i RO R ($2
EFEREFIEIDE)IZLD, ZOFHOBEEFELH LTV,

57 F&ob

ARETI, FHIFERBREORIZE T 20 A TR OZLLBERFRIC G A 2 EE2MIET 5 F
FEARREL, FHiERIC L0 AT ERRL 2. REFETIE, FTHEMEGEZ AOREDE/IZ
PESALE DI U TAL L R 5 HRIC ZHX R TR T 5. Iz, FEIGOA A T RO
BEER DY > TS, HASEREEA-HO=MMEART 52 8T, EREHEND T A T 6
MEICR U BBl s 2 28T 5. BB, Thomilinlds e R U A A T HEODHOY
M PIZALCS 31 kAN G IRt £ O e

FEAMSEER T, FEBREEANTEN U 7= EEGRD T — X 2 FHWT, R 20 & TADM E %Y
90° L RELKEDLLIZALT KM TIZBENT, BNPHITE V- 2 RN 2R EEDORFBMOKEE N K &
KWFET LI L 2Rz, FHEIAT —XDN%Z HIE RN XA Y OFEY v TV LEERMHITE W
TREFEOREEL T TV FHO FEIX 91.0%Th 57z, ZHAUTFHFT R A 27215 5 Random
Forest 28T 255G LHART, HERAA VOFEY Y IVORBEARITNSIMADODOF fE%E
SI%NNETZZ LN TE . ZOFMEOWEX, I ATHEELEZ-T — XD, Boosting 12 &
2 AR AR & WO IREFIEF ORHER OB S.
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BO6E

O] JZHETE IC & % RIEERBEEIR D HF 22 fH]
R =M IE

5 # T, MHEEEGZ A OWBEREFRICBWT, A THAOEMITR U TR TEICDOWT
WAz, ULDALRRS, ZOFETRIETEZADIZIZLENRME Z L 2HigE LTWAS72d, A
O < IZPEHEE G VY A RET 5V — VT, AMEO A E A DM IZAH TRIET % & MG
TERVWEWSMELAN DD, RETIE, AO—HLEADMITIARTRET 5= 280V,
ZDREOE Z ML L 72EERBO FIEIZOVWTHRRS.

REFIEE, AOGERDO BRI L & & ORERFHE L 2G5 & & ORFZEMRBERD
FHEAME: 2 I U 2[R 90 2 VT, ADEERD —EHBRREL - & SHEMRMEZMIET 5. M
IEU7- BB a2 O CEIER# 2 BT 2 2 L C, RBKEOWEE1TD

AR TIX, BN OSTEORBNLEEEZHRE L, ADNEGPRELSRIBTEEM4ICE
W, BIERGIRENPRKESWET LI L 2R L
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6.1 PERFEDRE

PRBE G2 W 72 B ERER O R TIEIC B WT, AD—HAEAMIITAHTRIET S Z LA KIF
TRBIIODWTRARS, FHFE Ry iz X 2EEREZ ENREOE =2 Y JIZEHT 254,
— AN E A ORI AHEE 22 5. ZHIXIEEE G 2 Y O RBRERIR 2D TH D, IKFHE
THARZ E, BN A T3 40~110° BB LT, —MA72IREME G > Y13 40~70° FLEE & By,
2.3 Hi Tk N 7 A E G 2 W 2B EER O MR TR, BET 2 NORSDEANIZINE S Z &
Ziffge LCWad. ULaL, S o OEMIEHEN 720, Z OHiHIEA DA E A E A D
FREIZG 72 SN TH WA ORFIZIINM - I 0w, o T, ANOAENEHMAWEEE TADLEE D HA
PIZINE S WS, BFEMREEO A REL, BIELT I OHBIAREC LS. Z DR
&Y = ZAF v EE [33] XREEMATOEE [35]) 2GR e T 25E61%, FANZADAELZKS Z L TH
WTEDN, ¥Xa )71 VAT LAPNRET 2 RTOHNEO RN LENMEL, FINCAOME
BB N TERN-DIZKRERIPEE 5.

=

EiL 4
| - )
| =

B !

. 3

RER Omm 630mm 1000mm

B4 6.1: KRR E 5O pREEE 4 o .

X 6.1 IZFEEtE SRR DO AD TR —E KRBT By — A %2R3. B6.1DE 258 35T, A
DORRER D B N IIIEERH & T O B AAMIIZ AR TREBZELCTWE Z bbb, X6.1 oD
FEBEME G 2 3 R & UBRIZ, RERFHETIZZ O & S m/RIBEB O BN 2 72 X8 & 0N #H
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[37]33][34][35][36] %, A7V b > ORISR [40][42]) AKIBT B Z L1/, BEREE D S 5
e T30 AT B 2 L& WIS 5.

5 6.1 HZzR U 7 BRI A2 & T2 0D AMKD FIID RABIE, FRMEREIG € > 5 HSEHlE T A 2 8 L
W DRI A B B RS 5. 7, HRAE @h/ﬁ#ﬁVﬁ%TAéﬁ%?éﬁ_
RIS DR A KIBT B 2 L 130, Bl A 5 DR S e T8 ADE I LIZLIERBENS
ZeREBEETEE, FUOKBICHILT 2 Z 2 1E, Bl A5 & G THRE L7 gL 5
DIERMDONLHIRE LT B 2 LIt Kk E L HETE 5.

6.2 REFZEOo77O0-—F

ARETI, HFEEGY Y L BET 2 ADHEINE < AD FHIA KRB L ZRBLIZBWT, AD—
A RAE U 72 e & 22 By SR 2 15 O By 22 [ R B D AHBEME 2 R U 72 [B1 IR e 12 & 2 HEZE IR O il
EEARET L. RBEFIETIE, AO—EHIKRIE L 72RO RFZERIRER % fiE L C 2B DN 5 Rz
AT 28T, RIBOMEBEOBRBT 27 70—F%2 2 5. DT, 6.3HTI1%, BIFHEEICK S M2
MREEOFMIEIZ D W TR S, 6.4 HiTlE, FFEFREEOHIEZAWZEERRICOWTHRRS.
6.5 HiTl, RETFTEOIMERDEREMIZOVWTHRARS, 6.6 HiTI1E, FMFEEROERLERIZD
WTiRR S, 6.7HITIX, THEBRS.

6.3 [OREEICE HEFEREFHEDMHIE

PRS2 W 72 BIERER T A D RIS A RB U 722 5 & LT, RIERFE2EDMD O
22 R R D FHBEME 2 R U 72 [ R e 1 & 0 REZE IR R A2 Wl E S 2 Aikic oW TR 5. F
EOMEZEX 6.2 127R7. £, HHEGELS 2.3 BTz AD R 0H) & % Kl U 72 K22 R
BEHET S, AR, ADMEBEZRDT, MEBEICGUZADRERZHET S, REIC, REEIC
J6 U 72 [FR AR R 2 B IR U T, BiTR0 OO RIBRE O 22 R EE A & 42 B DS 5 Iy 0D IR 22 R R (0 2% [ e
HEdTHIETHIET S, AT, SUBOFFMIZOWTIRRS.
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)/ B ZERNSMB O
#Efj r‘* (BB RIBLI-ABD) —
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EEREEIR > ADEE D
v Bl B
RIBEOHE
\ 4
ERFE S OZR
v
EiFH#EEICKS AR < .
R MR DWE | i -

EEORERMBFHE

6.2: [AIhRHERE 1T & 2 p 22 [ RFAE0R D Al IE DR 22

6.3.1 ADREICIHELCAERIEEDEE

ADZIRT M B AL EEEL, EE#EG»rS Ao vy bEIBELT, YLy PAD
HEDOIEMEN SRD B, REEIL, RKOZADAE S IFHEE G Y ORENE, HEAE, &
W2 HN A ETILNSRDEIENTE S,

B ADOEDHH

FEEEGRR OV Ty ME, P EEAKICERES EHVTHIE S 2. HHEGOE A T
FEEEEHRZ TV Ty SOEREE IR T E 5 [39). b, TRIGBMWERZ TS A ’ﬂz&bf
L.

ADTIILTYE i ;
e 2 FI. 7
y
x(J
(a) EEBEEIR (b) T B (o) EEAZ TR 0D S Bt

6.3: IHEE I 5 D mUAE D PR ZE R D .

ADALEDFFIZIE, TR 6.3 ITRTHRICIIVT Y bHOE R EHP OB LA T, KEO
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EARASATE & 725 & 5 1T ERIZE T B [72). IRIC, HAOIKE « — 2 EOELE RDTADRE LT
3. ZCT o W3S, yBIE LA, - SR B 5.

B RIEEDFE

RAEE, BEEEEGE Y25 A TORM O L & X 6.4 (2R3 PR O FEEHT A O
BAET NS, X (6.1) D BTEHAETS. REBM0DELEE, YLy MIEANIZINE DX
BT,

B =max(0,Ye — L/ tan(90 — 6 — w/2)) (6.1)
IRBEE R
\\\\\ 0
w2
YC O \\\\\
A Yo EUYDRES
B I ) 5
w: Y OEERTA

Y - A L: RELTOAEDHEHE
0 e T > B: XK

B 6.4: NDALE & RIBEDMIR.

6.3.2 REBEICIHUCE-HRTERAFHEDDREE

W AR D EIRHEE T, % T 3R R O BRI (e & Kb 72 KB RUZ G U 7205 U T I R
A B & OERA ORI ¢; 2380 5. 2 LT, KIAL 7B G S Hii U 7 B2 i
BAEBEES ¢ £ LT, HIZH y Th o205 ORISR R (6.2) CHRHEET 3.

g=Ax+c (62)

BUF, A BEU ¢; DERDFHEEZBRRS. 22 THAC, REEIIFTEOEET N EEO & v
N {By,Bs,... By} ICHEBUE I T WS, £72, {By,B,,... By} D&% & KIER L T 5 FHifHE 5
S U 7z R EE 2 AR E LT, HINERTDH 525 H30 5 R o 22 MR EE % [ IR
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ETBH-ODRIFRED Y b {A, Ag, ... A} BETERIHD Y b {c1,ca,...cn} DEH 6.3.3
DFIETEFHAEFTHS. TIT, RN ROFEHEGR D 5RO REED B DI, XX (6.3) & H
WTREEBDEY T BIZERBIIW B, 2R, RIZ B; EHRAEDFE UHE U RIRRE A, B &
OESOH ¢; 2 8IS 5.

argmin || B— B, || (6.3)
i€{1,2,...N}

6.3.3 REEICISUCEORBRHROE

FIRRERE DX Y b {Ar, Ay, ... Ay} DRERIL, HENZEEY 7V O EGEZ HWT, RIES
Dy s {B1,Bs,... By} DRERTHINIGALTH L. T I TRER B, 0FEY v 7V O
AR, BAPIC2E A2 2E Y Y TV OIEE G S, & B MTFOEHD 2R LT
BT S, R A; X, FROTORBIHOFAATH 5K (6.4) TEHHETS. X (64) 2BV
T, Spai ERIEE B; OFEY VTV OPEMEER D & KD 72 KB R RE O R A A, S,y 134
G2 2E Y v T OV O BRI 72 & IZRIBR B; OF8Y > TV O FHEEE ) & K 7= RZ2 Ry
BEOFEAFHANTH S, EEIH ¢; ZRBOHT OEBIHDFHERDRX (6.5) THHET 5. X (6.5) I
BWC, p,, BEO p, &, KEED B; OFB L R E DML O RZE MR FIETH 5.

Aj = Suyi Syt (6.4)

T,

ZZTX(6.2) DG iE, FHZE x 28T 5 HNER y DL EHFEL L 72R12, HEHICEK
IN2 RCRERHEEMTH 5. ZOENFEHEE TIE, ADTFHIA KRB R 2 DML EE T
Rz R I AHBAME A D B Z L 2 RTIRIC T 5. HlAIE, PRI A RIB T 2RI TI, wiE
THRZ S LEDO EToE &L, BEVRADIHBEED -2 OMMO L NOEZIEXFEPL TS
DT, ZOMHBEMENFET S EEZONS.

6.3.4 BrZZEREE DHEREMDOREE

AND R RIB U 7=l & 2 5 D3 2 I D IR 22 fRRF R O MHBEME 2 MGE L 7. B 6.5(a) 12, #Hi6.5
DERT — X 5RD7z, FrEDRBEDRS & 2532 RO 2 MR E O MRS E RT. B
2R L, 5.3.3 Hi TR 7z MHI % AW - RFEHREE DK EETH S, X 6.5(b) ITRKML
UT, RZEREEOEUOTDFIES & OBREZ R T, MHEGRKOHFEIZ 051 THY, 1T
—3, 0 CHAHBETH 5. RERIZ 0 OFRHIEZGDHLD, 00 SHINT 21#ENTRED S KBTS
EAHEINT 5. M6.5(a) Tlk, LOEEOHBMRED, KEEOMIMIENTHIAPDT 2L D
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D, WHDREIZEPHTHS.

Ik, ADTFHIA—HRE U 72K & 25 A3 5 I 0 IRp 22 AR

AL D 2 Z L 257, X 6.5(b) 1, 1,050mm & W5 KERKREETSH, RK0.5, FH0.6

®m@#%5;3%mT

1.0

0.8

0.6

0.4

0.2

0.0

EHOR/HBELOHEEREY

1.0

0.8

0.6

0.4

0.2

0.0

EHDRHBELOHEERE

6.4

500

1000

RBR[mm]
(FHEDERFE DHEEFRHK

1500

1050mm

]

B 6.5: KIEREE

500

1000

RIER [mm]
(L) B R DR RNE

1500

IRFZE [ R e oD FH BE FR BN

B Z2 A N E D IE = A W7 R EEES

B EOMEEZ2 EO - REFEOIMERBO 2RO EL2KX 6.6 125R7T. T HILHET,

E% Bhro ADT VT y b Efhiti U T =HMERT 5.
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FOZHEMAS, RACEEORZEMBEEZMET S, RIT, 6.3.3 8Tl 7z [ERHEE T2
REEEmHET 5. &I, REMREE» SEEAT IV 2L T, ZOREZRRIHET
TANR)VTT 5B,
MU ERAR7ZZ 2Ty TONT, HEEEEHGORIAEIL5.3.1 HicBICHHL-b0 B TH L. £z,
R R R O L, 5. 3.3 i CTHUICHALZZd DL, REEDORITZRITIZIETHS. 5.3.3H
TIE MHI O Y V508 18 THRZEMBFBEDRITA 324 12/ L, AETIEMHIOE V8% 6 £ L, K
SRR OMIRITE 108 235, AR, BifEh 7 3V OHHIE X ORERANHEIZ DWW TR % b

N5,
t
/4255?1 —> SR B % 0D AT ALIE
v

BRI B DY
BERER ¢;

——{: B (< & HEF ERIH MR DR IE
v
[ BEHTT Y DHBI ]
v
CES TRV
v

| BiEHTIY |

B 6.6: 22 R O M IE 2 FI W 7 B R O M.

B EEHTTY) OFIF

Reze MR R SBIfER T 3V 2519 %121F, Linear Discernment Analysis(LDA) (2 & 5%t
JEE & kNN k2 W5 [9). RouHEME T, BifER 7 3V QRN S U7 ikoo & B L TH
WEOW EZHS. JEMHEORITOEE L, LDA OEHMEOFHG-E 95% % KL 5. kNN il
POTHITEAR DR 2R R I U T, &K (6.6) IR $TRRNZ bL & QBN B/NDOEIEA T TV
WHBIST 5. X (6.6) T, y XRFERREE, v, BEMEAZT TV ce {1,2,... C} DRERZ F L
Ve = {Ve;, Vegy - Veyp } DmEHDEZETH 5.

argmin || y — vem || (6.6)

ZDOMRENRZ bV, FANZFEEY VY TU» 6 LBGIETKRD 5 [73]. EEHY » 7VITiE, #EHAN
RGNS T — X EHEHT 5.
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B LTI ORFRIHIE

BERAHISE T, W2 AR OB O LN & 3 HAROERO 72012, AMEROEED
BIEN SR (6.7) TRed - BRMENHAOTIED 7 TV ¢ 22T 3.

arg max ﬁPBi(c\vk) (6.7)
¢ k=1

X (6.7) D K IZEERET, FMERID 18 & U7z, vy (ZEED kE FHIZA (6.6) TEIRL 72K
KR MNVTHB. Pp,(clog) 1, RO KBRS B; OBIZBT % v, TOBEHNT T c DF
BERTHSH. TOHBMERIZL, FAHIRERT PLENEFNT, REEDEY b {By,Bs,... By}
ETIZBEWTA (6.8) TEHRLTHEL. KX (6.8) 1T S ; 13, RIFE B, 0FEY T2 ThHroK
(6.2) THEIEAEZ RO IFIZ, RERZ ML o ZEEHEE TE2EEAT T c DFEEY VT ILOET

5. DEOFMHIZL D, ZOHRBHERIEEBOMEMIEL @225,

Sc,i
ch:l Sji

Z DIRRFVHE T, [FHEEORWFEEROENDWRETH 5. Rkt RoZE X, =X (6.7)
HT1HHE 2BHIZKREREENT TV OFBHER Py & Popg DWHEIME T, & b KE2EHTIE,
HBHERO R/NERIMERN A U TSR 2 M T 5.

Pp,(clvg) = (6.8)

P
2nd > Tp
Plst

(6.9)

6.5 ZEBRFMH

AREITIE, RETFEOFMERDOFEREMIIOVWTIRAR S, HHEEEfRE >~ Y21k, —%K7% ToF j
KDTNA 2% Wz [31]. BEFAIZKT 41°, FEE36° THD. HMEEERDOY 1 X1 160 x 120[pixel]
Thbd. HERME, &S 2.2m, A 25° & U7k,

BIEA T IV 6.7 IZHI & RS M, “EE, “RE”, Rk, BT, “FHIR D6k L
7z R T, ThECHIE AR B XS, R T, BN S RICERT. “BRET T,
HEAD 24D EMALGVEAEGD. RE” T, BEXL»SHBGIRES. 77 Tk, T0DH
TREAZT D, “FIR" Tl MBZAKE»SHE EETHEIRS. BEON, “BE" TR 1A,
SRR X ER e WS BEEBEOH], O OFEXHEEEOH L UGEIRU -, £7-, B4t
VYIS B NDH ARG A DR EEEZR LT, EHEGE I U CIER SR O 2
e U7, 873V 08U, BfE6 e ADmE 2 FE (IEM, #M) 2MAadbETI122 L.
BEh O NBUE, “BE D24, BOIZ14THS. BEOT -0 —A8E, BfELTIY 12
e, EBE3HL, ME6 »OMAET216 7 —AHG U7, MEDHNRIL, X6.1DHE2, %3
FNZRTAD TR —ERIET 2 20018, X 6.8IZRTADEREDMS 4 D FirThHb. BEDOT—
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ZDT7V—LEE, BfEAT 3 EEREOMAGDOLE T, FMEICSWTIHIZ 3,190, 3,163, &
£0°2,924, 2,892, 3,177, 2,892 7L — AT OHE L. EOMETS 3,000 7 L — ARIEEE L 7=

‘R NN

- I —— - » ——

(a) B (b) $1§'| (G)TEJ_

Y NI T Ty T
Fom; BB BB

(DEE (1T HFK

a2

6.7: BifE T — & OHI (5] 1EH, 455:HE).

_ )

x=0.0m,z=3.0m x=-1.0m,z=3.0m x=0. Om z=2.0m x—-O 8m,z=2. Om

6.8: MEFOHEIEE DY > 7).

2 R0 1 E MHI[28], CHLAC[14], ST-Patch[7] ® 3 D& L7z. CHLAC I&7 L —ARZ#ES %
BRORFINR R — v EIBE U7 251 ITORETH 5. ST-Patch %, K Ars LK M A RO
BEARDE—AY MIL2 6 LORBETH . COREMBHMES, K55 08T =ZHKZH
TNDREIT DT VGG & RFZERREE & 3 5. ST-Patch 1 [9] FRRIZKEF SG1A1I2 6 7 L — L2
LU 7.

ARSI, TV — AN ORMIRE L. HIEEN T IV ICEH LR H#, FLIEASE OB E
NTITVDTV—L8% Np, @b RETDEENT T DTV — 8% N, vt L0 EfE &
—H U7V —L8% Ny &35 &, Recall & Precision (3= (6.10) £ (6.11) TEIHREI 5. £
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7 E OMRFEMEIE, A (6.12) (IR THFMFEIOD F fH (F-Measure) TR I N5, ZOFfHZ{LD
BEh 7 T TR, REMEE LTENS FEOEEMEZ RO THAfIEL L U7-.

N
RﬁﬁH:—ﬁgxlm) (6.10)
N
Precision = R%xloo (6.11)
1 .. —1\ 1
F-Measure — <Recall +2Prec181on > (6.12)

6.6 Z=EBRIER

RETFIEOARMEDFAMFER & U T, AMKRET — X OFHliFE R, FERIET — & OFHilifE R, K
&l % 22 Z 7 e DB FER D REAIRG IR, GRAHE R O A FERE D AHFE R I DWW TR R 5.

6.6.1 GSRRIET—Y DEMER

Gl LT, U TORMTREFEOMIEOA MM AL 72, FHlidRO T —XIZi%, 6.3.3
Hie R UFHET, REZAHRUZERESZ AWz, 6.3.1 HiChR 72 ADOAEIZE U 2 RIBEDH
BahRE, REE32HOFETERI RS EFHEHBORIEEEZ T —XOREREFA—IZLE. KHE
DERITIE, EEPRDE T — X2 SKAENSREEOEI ETORMEZRALZ. REEDEY b
1%, 300mm %*% 1,200mm % T 150mm AL Uz, F—XIEX 6.8 hTEEHEME2 & 3, A
AZEAIE 1 & 4L U7 ZEAOT— 2%, REEHORRHEES X CEBHZ T 2 DICHW
7. 7od, HEEEEGIZ B AMEFOADOKRE I PMEEDE(LORFEIL, 5.5 123 MDA
Blrir & O =BT & % R o gL IR S -,

FERERE LT, REFEOREEATIVEEAOFMEDO I Z 7L, UTFIZERS 3 DDOFED
79 7%M 6.9 1TRT. 1 DHIE, WNEMRNEEZMELRVWFETHS. 2 0B, BEAEZEMRBE
FEIZB W TR 2RV 7280 B S BG2R Z2 509 5 Sk [74] O HET, RS (K5.5
T —y, z—y FEHOKEEIG) OXRIBIHZMET 2 FETH S, ML MG, REEZ
Omm & UT 6.4 HiOFHETEERDEZ L. 3 0HIE, REBEFICEESD T IV HR DR 2% %
BT LFETH S, Filo RIBEE OGRS Mt U 72 RS MR EE D 5 6.4 Hi TR R 72 8/E A
F VMO EFE L, REBOBICIIREZ /M TICEELT IV 2HHT 5.

95



THFIE [%]

THFE [%]

TIFE [%]

100 —
/ Zk
%0 -—L—-gu!ﬂ\ﬁ
o 22.4%
c TS U
40 Ts\\'63.6%
20 \
600 mm |
0 )
0 500 1000 1500
RIER [mm]
(a) MHI
100 |
80 N‘-&‘\.. /// oL4%
[y O, SR ON
60 = R -
\9& 0 °
40 _— L
\ TS~ 46.3%
20
600mm S
O 1 L 1} 1 1 1 1 1 1
500 1000 1500
KREE [mm]
(b) CHLAC
100
— 803%
ool /
80 Joaui' — ‘/| |\'
60 \ 60.2%
|
40
I*
\ ﬁ
20 600 “\S:\ 20.1%
0 o =]

500

(c) ST-Patch
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X 6.9 IZBWTHREFECHZEMEEMEZMIE LMK, REMBMEZMELRWVEE HRT
RIBE Omm 7°5 1,200mm OEIHTFENEWI 295, BEFEOMEFAEN L WAL, RIEE
600mm DFFIZEHT 5 &, FAEOBEIINEIZ, 22.4%, 15.1%, 602%TH 5. KABIED 72
R AY800mm TH B Z &h s, ZOKRERE 600mm (ZHEIIEE A E R AR WIRBUCHY T 5. &
¥, ST-Patch FHEEDUHEMAFHIRKE VDI, L2 DORFZEFFHEEICHEWRZOEZE (1 7V —
LHOHEROREE) NEREEFEZ S5ND. HADEETIE, MIELRVKHIADOE)ZITK S 3HIC
ADPEAPSIZAHZHBREBUTNI K RE720D1Z, @IEORELIRKESVWEEZ S, 72300
[74] DFE L I U THREFIEIZ, ST-Patch DRERE 300mm DR TIIENIZEDHDDFEKH D
FMETRFMEPERZZ NS, 2RTIEHENZEEZ NS,

RIBBFIEASRE FET 2 FEE, 77 7PREFIEL ZITERLDMEC EUOMEIZH D,
MpZe R 3 RIBE THO FEO MM 1.6% L -7z, 72720, ZO FEDEX, #F
FE BRI R Z MIE LR WFEE O FEOFESZMEDOFIIMEDE 33.2% L R EBREMTH 5.
COESIZFEDOENBMTH 2, BETFEIKBEBIHIGLZFE T FELIDE, FiE
BERDIRVETENT WS, REFES KOCRBEFIGNHE2PE T 52 FEo EidERIEX (6.13)
BXUOK (6.14) TEHHATE 3.

NFDw+CM(D + C)w (6.13)

NCM(D + C)w (6.14)

X (6.13) BLUK (6.14) IZBWT, NIFXREEDOEY bD, F & LDA D RZE MR EE DR
TTE, D13 LDA % ORZERMEFMEDORTE, w dBUETFT—X 1 24 o1 v E, CIXEMELT
TVOE, M IZEEALT TV 125720 DRENRZ MO TH 5. MHI ORFEFFFEETIE N
X7, FI13108, Lix54, wix8, CIX12, M X100 TH Y, BEFES L OKRBEEE 2
HET 5 FEOFEEEIX 0.9MByte B XU 4.4Mbyte TH D, FIHIIHBEI DB 0%V, Z0D
R LR E DA, FHTEa X b AakEAGHER L CEEER R 2T O RpICEHE L 0 5.

6.6.2 FEXRIET—Y DT MER

TR R U R I B W T, RETFEOAMMEEZM 6.1 D 2, 35]0T — X THHliL 7.
M T — 2 5 R (1) TEHAE L 72 RIBREO R IRAMEIX 6.1 D 2 5] 630mm, 5 3 528 1,000mm
TH5. dHliT—XANDEIMEH DO REED Y b B L OCFHHT — X D5M1E6.6.1 fie[[{—&
L.
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(c) ST-Patch

X 6.10: FEXRET — X OFAMFEE.

FMFERD S 7 %KX 6.10 12RT. X 6.10 D2 7 ORI 6.3.2 8 TR 7= [AREREIZ 6 E U
7-REETHD. H6.10121F, ERET— X Z2REFECHELZRFLMELRWED S S 7 %2R
9. /7, HIKELUT66.1HDEHRRIET — X ZREFETHIELZS S 7287, £9, X6.10

98



HMTERRBT X Z2MIELUZREHELRWIEDS S 72 HIRT 5, YOREMHBHMETEER
BED S £150~300mm D #iH O K E O [ERAREZ#EH U 72T, flE U 72 R I E U 2RV R
5 FEMPEEL 2. ZORMREROREBEOHPIX, REFEIBT 2 REEHEOHARMRLELE
2605, ERBEEIZESEVWKBEDFFHEEZZEAZKTIE, MHIL, CHLAC, ST-Patch OJiE
12, 6.1 D 25 DF — X TIERIEE 600mm O FIFEBOEM T 12.7%, 12.5%, 35.5%, X 6.1
D 3FID T — X TiEKRIERE 1,050mm O [BJ@EREDEH T 23.9%, 12.6%, 36.6%D F A1 HE L 7-.
WIZ, 610 T TERBEEMREZMIELZZ77 72IKT5E, M6.10DEDT T T THER
HEOHERO RIEEOFIRARHZEA U2 RICmH 3R L, ERER L&D EWREREOR RER
BEBHLU-RFCHIRT S EEED FAEDZEITHR AT 10.5%IZINE - 72,

6.6.3 RIBEF%ZZE A 7R DEMREROFMER

REFIEPFTRESOFEZRWT, K22 HRHEE O MIED R HILAS O KA I #E T 6eh %,
RIEMAFT 2 BB L OAHIE UT U CHEBIMGL 2. [0 KRB I A DK S 2 #2350
T ARG DT — A, GO REIZ AV IEREEG Y > Y QM LENIZES r— AR BET 5.
M T — & 1% 6.6.1 fi & FRRICAKRIEE Uz, B0 XRIEE, EBREBZ LICHIEL ZROfES
2,150mm % KIEE 0mm, MG RO KRIBIXSEERE OFE LD Sl % KT BT 72ROE LD SR F
TOEREZ 900mm % RIEE Omm & U7z, WRPEMREEIE MHL 2 8% e Uz, K6.7HO&AT T
VOEMEOEE izEx b, ElsXOHEMOKRERE 25 ORERFHEIX, THloXIERE
FRkICHET 22 E2 50 5.

FERAEREZR 6.11 1217, LB LCAMOREBEOELE 5D T 57 TH, 2 TORBEREIZBENT
REFEO F IR EMBHE2HEL2VRE D EL, ThENXRIER 600mm, 900mm (285
TF X 191%, 21.0%8EH L7z, ZO8E» S, KREMFOHUBIE, KREMHEFIZIG U 72 RIEBEH?E
BeEhiE, REFEOREMEHEOMEIX THMADOKIBIZEEHAREEEZ SN D.
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0,
80 — 7 = pEFR
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S L‘ 19.1%
= . )
- 60 N Na | -+ {HIEHE
LLt \
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o S . (V]
k- T
20
H00 mm
0 :
0 500 1000 1500
RAEE [mm]
(a) LBINXKELIZEE
100 L B46%
80 =
s AN ‘ 21.0%
m 60 %
23 5 ‘
w40 \ 63.6%
b \
20 X
900mm s
0 . *
0 500 1000 1500
RIEE [mm]

(b) BRIARIELI-GE

B4 6.11: RIBMERR &2 28 R 7= kg D SEAffG 5.

6.6.4 ERHBEROERNEEEDIMER

X (6.9) (TR RaAE RO & BE A T TV ORISR A G L7z, £3K6.11Z, 6.6.1
HIDOEBRIZE W CRBAERZERN LR WROEIES 7 3V HO F fHE & U Precision (L& %R
9. ZBEIZE 4, REE 600mm £ Omm TOD F S & O Precision DETEHE L=, £6.1HT
FEDZLRIIREE S T TV ICEP L, PO 24%x LT, Bro 887 1% 10.0%%, #mo
AN X 199%MTH D, Tho AT TV O FEOKIERMETIE, FrERT I [T KRIEIC AR
DA -2 EPHELTCWS, EmEE, Mao B oF—2 270 887 £ U IXIERD
“Elin LHEES HOT, FHOXRBIZEY FEGORIZHHIENTEZ2T, EHGOFHED
KLU 72 8/EH 7 3V R CREZRIRME DA W2 Z BRI L #EHIT 5. % 6.1 H10D Precision 1%
N OREHOMEIMZ L D, #Eo “BE” T16.5%, EmMD “ElHh” TI115%EEETFLTWS
Z DRI RE S T T TD Precision D KIEZAKTIE, AT I ORGEGERVEE R — A% T
1, REAERSROEEEDK FICEN S 7-2DICWENEEND.
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2 6.1: R¥EE 600mm KD F fEi & Precision DZ4{L&.

F fE [%) Precision [%]
BE | WE | RER [mm] | E£4 | KEE [mm] | #=5
0 600 0 600
JEAd | EmE | 92.8 | 89.2 | -3.6 | 87.9 | 87.1 | -0.8
Ml | 93.4 | 834 | —10.0 | 88.0 | 71.5 | —16.5
&g | Fm | 84.2 | 81.0 | -3.2 | 87.8 | 76.3 | —11.5
Ml | 78.6 | 58.7 | —19.9 | 885 | 923 | 3.8
ik | IEmE | 82.7 | 84.1 1.4 | 81.9 | 874 | 55
M | 89.6 | 93.0 | 3.4 | 84.9 | 947 | 9.8
#E | Em o[ 98.7 | 993 | 0.6 | 100.0 | 100 0.0
M | 835 | 86.3 | 2.8 | 98.0 | 944 | -3.6
A7 | Em | 772 | 777 | 05 | 68.6 | 722 | 3.6
B | 914 | 853 | -6.1 | 86.8 | 853 | -1.5
FHz | M | 886 | 950 | 64 | 939 [ 1000 | 6.1
MW | 941 | 86.2 | -7.9 | 88.8 | 83.0 | -5.8
YA (%) | 88.4 | 86.0 | -2.4 — — —
BAME (%) | — — — — — | =165

Iz, X (6.9) TIRAEREZ N LR EK 6.121R7. X6.12(a) T, BED T, &< 35
¥, FIEOZEDREEN T T OFEHIME TS 5 —/5 T, Precision DZALEDREEH T T
ZDFEOE R, 1EU WIS R MR &8 S5 Z L1245 Recall
AHEFEIEE 5 NS RUNRICHD 5 ZENEE L. K6.10(b) 1
T, 2N UL7=lEZED ML — KA 7 DORKRERL, EEROEFUCFHTE S, #iZIX Precision D%
{LE2DOTAEMEZ 10%iH & D KE T BEHX, Precision DZ(LEDREAE 8.2%%, FIHEDOZE/{LED

DOEARfEIXA EL TW5.
DIETHHRNTHY, FiEz

SEIME 4.6% IR D EE R 2 E RS 5.
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(a)F{E &PrecisionD ZE 1k
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B |
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-20 -15 -10 -5 0
/N APrecision [%]
(b) FiE & precision®D B {%
X 6.12: R{EE 600mm FFD F {E & Precision D&l &,

ARETI, HFEEGY Y 2 AW BERBRO N REZ LT 572002, BIfET 5 A & FHk 4
T Y OEREEANE NG A I A AT A D TR A i&hﬂfﬁl?ﬁbkﬁ%@ﬁ% ¢RI R % Al e e E
THIET 2 FEERE L. £72, ERENOIEZRBO MM TIX, 3 MEORZEMEFHE%
WHRIZ, REFEOFHIEIETFEINET 2R 2 MR L 72, EEAE R CTHRED S 630mm ¥ Tk
DEBIZRELUZT7—ACBWT, NEMBEREEZMET 258 TIEIMELRZVWEEXDE FlE%
125%PA EE U7z, 2 OEBEED S, IREFIEFHEA O TAD NI —HILAETRET S
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