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Abstract

Videos have become in various ways a part of daily life and are now an easily accessible form
of media. Many personally owned PCs and TVs are now equipped with a camera, leading to the
wide use of videos in communication. The Internet is also teeming with vast amounts of video
images that are widely accessible to anybody. In many cities, surveillance cameras are installed
in different places to constantly record videos inside and outside buildings.

This paper demonstrates advances in technologies for recognition of human motion in videos
taken in actual environments. With the wide use of videos in daily life situations, there has been
an increasing demand for human motion recognition technologies, such as for operating devices
through user movements and for doing video searches using specific movements. Videos from
actual environments, however, are difficult to analyze reliably because of variations in shooting
conditions and object movements. This study thus aimed to look at these issues and establish
reliable human motion recognition technologies.

Chapter 1 gives a background of the research, mentioning society’s needs for human motion
recognition technologies in daily life. The chapter discusses the classification of human motions
in an effort to address their diversity. Specific technologies needed for recognizing motions in
each category are then discussed, and their feasibility is assessed. The chapter concludes with a
discussion of general motion recognition technologies based on video analysis and other related
technologies.

Chapter 2 focuses on gestures, which serve as a medium of communication, and discusses the
methods for recognizing them. Recognizing gestures is important in the light of the demand for
a man-machine interface that will replace remote controls in large-screen high-definition TV
viewing in the near future. Since touch-type devices are not needed and operations can be made
without losing immersive quality, which is a characteristic of next-generation TV, human
gesture recognition technologies based on image analysis are getting wide attention as a new
form of interface. Gesture-based operations also enable a means for natural interaction with
objects within videos. The chapter begins with a discussion of the requirements for gesture
recognition in next-generation TV viewing. Next, it introduces previous researches on gesture
recognition and outlines the objectives of the research discussed in the chapter. In particular, the

research aims to study depth-information usage methods that are necessary for realization of



interactive gesture recognition needed in next-generation TV viewing environments. It also aims
to study image features that include long-term temporal information to enable a natural
recognition of user’s movements. A new gesture recognition method is then proposed from
these studies. Likewise, the effectiveness of the proposed gesture recognition method in serving
as an interface for next-generation TV viewing environments is ascertained and evaluated
through various experiments, and a discussion of its scalability is made.

Chapter 3 focuses on general human behavior. The chapter proposes a reliable method for
recognizing general behavior using actual videos of people in crowded areas taken through
surveillance cameras. Although outdoor and indoor surveillance cameras have become widely
used nowadays, image recognition is usually done manually. Since there are only few operators
relative to the large amount of video data that need to be processed, surveillance could not be
effectively done. In addition, since these videos are not processed immediately, they do not
contribute to crime prevention and are not being used for crime detection at time of occurrence.
Thus, there is an urgent need for a technology for automatic recognition of large numbers and
types of human behavior. This chapter enumerates problems and discusses issues related to the
analysis of images of people in crowded areas. It also mentions previous research on recognition
of general human behavior and provides an overview of related technologies. It also discusses
the two main types of methods for recognition of human behavior, namely, the
global-feature-based method and the local-feature-based method. The former is based on
detection of human regions, wherein human behavior is recognized on the basis of the trajectory
of the human region. The latter is based on feature-point trajectories, wherein behaviors
occurring within the video are recognized from multiple trajectory features. A human behavior
recognition method that functions effectively in actual situations is proposed from these two
methods. The chapter also includes a discussion of issues related to practical application of the
proposed method as well as a discussion of its effectiveness as evaluated through various
propriety experiments and through participation in the TRECVID Surveillance Event Detection
evaluation task, an international evaluation workshop for event detection in video surveillance.

Chapter 4 discusses methods for estimating internal state (attentiveness) of the user viewing
the video in accordance with image features obtained through measurements of the viewer’s
emotions expressed through certain muscular movements. Generally, the user’s internal state is
partly expressed through his or her body as emotional behavior. These actions, however, are
usually imperceptible and are difficult to measure accurately. In addition, they are not
necessarily straightforward expressions of the user’s internal state, making it important to

consider external factors such as content features of the video. As such, inferring internal states
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on the basis of visual information is usually a daunting task and can be considered as a very
challenging topic. The chapter begins with an introduction of previous researches on inference
of human internal states, including those in the fields of neuroscience and psychology. Next, it
discusses emotional behaviors that are observed when users are paying attention and mentions
some hypotheses regarding the relationships of these behaviors to user attentiveness. After
verification of these hypotheses using correct visual data, a method for automatically obtaining
the different emotional features is proposed. Lastly, it introduces the fabrication of an
instrument for inferring attentiveness on the basis of automatically collected emotional features
and discusses the potential of the proposed method as well as its functionality and performance.

Chapter 5 gives a summary of what has been achieved through the study, namely, the
identification of the needs pertaining to human motion recognition in actual environments and
of the issues towards making such technologies possible, the proposal of methods for human
motion recognition that address these different needs, and the verification of the effectiveness of
these proposed methods. In addition, the study provided a classification of motion based on
human intention and showed methods for inferring intention in accordance with the different
types of motion. In particular, showing that it is possible to infer potential human interests
through unintentional emotional behavior is considered as a very important achievement of the
study. The study, therefore, has made a significant contribution in developing human motion
recognition technologies that are useable in actual life environments, such as for creating new
man-machine interfaces in the home, for personal profiling, and for detection of human

behavior in surveillance videos and other images.
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= AT v BEIX TR 22 G & LT Cide <, M E LT 2 < oL
BEDODTVD. L, ZNOHINDER LSS Y = ATF v ORBEICIIRY 8H VY, 5
Trm G NWOARRIELZ B CE TV D L IXSWVEV. 2 2 TxIE O B R 2B fE
TSR E A VX T 7 v a VAR Y = AT ik A M L7,

NHKFEEATFZEAT TR RO T L eI & LT, A BV a D16fE DG E
EFRFORA—/R—=/A BV a (SHV)DOFEHRZHIE L TWD. ZOKER « SEBETV
DRFIGIZEY, ek EITER D T VHEENEEN, TLEEDA U E T 7 a )
BCHBERnDG & PRI TV, 2, IRLThLHocEigETcH 5 2
EING, AFEIRESAIER LR 6O T VAR, BUGTITHAA F /- BT & A
FIALCarv T o YNET V=l NeDA BT arwiTH 2R ERBILN
L. INOHBEFOBERIESCAHRRA VX T 7 v a v OEBIZHT-->TiE, VEa Y
REDTFNRAZANRETHDHZENEE L. ZD7®, T L ELOHRARREEAZ A HE
2T %, VAT XIZLDHTRT VA7 = —ZADOERANPHFFS N TN D

Z 2T, MUBMRITHANIC X D EEMPTECHIB TR, K ERTL AR~ o~
VoA UE T 2 —AOMFEE AR L. T HERLXFEM Y = AT ¥ O A FET D
e, BATXIFEHRABUS R P2 mat L, AFETIE, 18086k
SR ENTA T V=7 S ORATE 2R ET 5 Time-of-flight (TOF) 1 A Z OF|H %
REtL7-.

FIHERD Y = AT v FRHEAN TIX, A7 7 4 BT a—7p PRI R T 7 R
ZAVWTWLHEAENREL, RBIOARLREELRFET 22 L3NETH-72. 22 TR
e TIE, RMERPSEICE END2MBMHEORM 2B L, BRGNS = X F

DBk A Hig L7z,
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RVAT LAOERKEIL, Vo AF Yl RA T 4 TERHO2OTH 5.
UV AT ¥R, BT 2 S 0MGIERE I, BRx RO AN Y = AT v & iRk
TOHETHD. ETTOFIRATDOHIITHL 7 LA A — VBl & BAT S g1 5,
JFTRER & S E T 5. RIZ, 2B EBET S 2 & TR M, mE T, R
Jiml, BATE M O4RIE (4D) WA E T 5. 2 2 TR, I L OIEE T M ORHY
SNLEIL T LA A — VI B EHI L, & ORMUS OTRFE T AT & i S L7z,
D%, T O % Bag-of-featuresit: (BoFik) [Z#HAL, =—HF DY = AF ¥
Ze TR Z 3R, L 72 [Csurka04]. Z O4ARITTHBI 2RI L7 Y = A F ¢ 3R I AR FIED
FEHEINTH Y, FHMEEZ AT 5. EREA & O ERZ B L TARIRES AT LOH
W2 s LTz,

RA T 4 TALEFHNE, AT Da—F OB LORLHER A MR L, =0
SNLEPIRICEESWTHRA T ¢ V7 EZHEE T HHEETH 5. BAT X IFHROFIH]
KV, e A EECHE U, EEREOBEZE LY I 2 b—v g VERICLRDY
WA T 4 v TACEFHABERE DB M A R LTz

ARECTIRETLH I pa—W A X7 2— A%, VT EOBEMMAT A 23R
FETHDH. TRAARETHY 205, ko —varkrar he—701334
TOWEEEZ AT HZ BB THS.

AETE, FT 2V A 27— 220 EIEIFOBURE & biT, RETZT A
DEFEERNTD. RIZ, V= AF v B OURTIEC OO TR L, TOMEL K
EFEOHMNZRT. £ LT, BITXEHR L MR Z 1A bR k%
REL, TORBEMAEEZZERT L. S50, SETIEREREZEL THRETIEOAD)
PEATRT 5. BB, KETRELEY = AF Y IC L DM A 2 7 = —20D%)
RIZOWNWTEEDD.

22. RERKTVHRRBRETOLI—YA V2T —XDHEE
NEDBE R ThH I~ ~T A 27 2—R %, ARICE > TE Y BRI~
EFICHEMLTE . PCICB T LT FA ha2—PF A ¥ 72— (TUD) BT 77 ¢
ANa—PA BT 2= (GUD) ~DEITZEDRER TH D, FLTIEF—4R—
ROV T AT HARED Y = AF v L LD —H A 7T 2 — ADFEB~ L EH T
DOHD.
*ﬁ,TV@4V§7IHXM,Vvi@@%@WWEﬁﬁyﬁﬁ,%bfﬁ%ﬁK
HIEMFERIE~LHEAL L TE . SOICBETIIA~Y— 742 DX T Ly MR
ERAWEA U E T 2= ARG LTS, LarLInbEa iz Lk, VE=
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/s, TUEayPHE2 TEESGINCKNS ] 2EORSZ < Mo d
[Matsubaral0].

ZZTHETII) T2 B2 R Y 2 AF X ICE S, KOBE TTV A2#IES
HEMBEBREN TS, ZNODY AT AMIT VISR L2 A T OMg 2 74T L,
VxAF Y ERHLTODEHLONZ. L LIBDON A TG HITHEGERE TO
HEZ B CE W), BRI Y = A F ¥ O A LB TE TV D DI 70,

ZDIDATVANRATIE, BEOH AT ERNCTa—F~OHEHHE#RZF L,
KEFEI Y = 2 F ¢ 5k & BEL L TV 501§ & 5 [Rehg94, Nefian01]. L 7> LIGAT Ol 72
EMD, FERRECHEMEDON AT 2RET D2 LT KICH LW, EFEICBWTIT
IBOTVNBRAIAZICLE DB IREE LY. FleT—T AR 2T 2 —R
LEHRBEINTVDED, MafllaI 2=/ —2a rOOIIETV &R LR S #fE
T&E 5 Z ENEE LV [Seifried09].

NHKHCEBAFZERT CTix, WIROT L ERkE & L TA—/3— o/ B Y 3 L (SHV)
DT 2 D TN 5 [Sugawara08].  ZAULBATD /A B a2 » (HDTV)D 1645 DG FE
(7680x4320[H5%) Z R OFEMEM TV TH Y, IEWFFROBERGZ BIEL TS, 2
DA—=/N=A EV a3 VR RIE LTI, TVE=ZDI L7725 Kb s
B2 T VHEER Z A VOHER PRI D, K2 UK IEART VA WF@%AI%
mLT.

TV ORME « EREAGIZ L0 BGEOSRENHE L, B =7 Y ~ OB NED &
FDH. XD, TVEDA U H T 2 —AEIT N, ARED/NY RV = AF v BRHIfF
SNTWD. ZSHVITEMMGE D 2, HmO—#H 280 L TH +2IcmiETh 5.
ZDT, ERBEEZIER L CTHET 52 A XA VBB T D LE2 b5, JERERE
A B AT, EREIR A AT 5 AT E L LB L 72 5. T VHEERHIC

AEEIL BRREL




%23 IR VRN 30 6 X Y = X v 38 15

VAV ET I arEITITEDITE, TAAAREOY 2 AF v ICLDBENRLEE L
AN

SHIZ2—=FDORRNEEZDG T 20K 5, ZH BRI 2B S I bETE
BPINHRETHD. B REEORH TIER L, 22— o E LML EE s
HIERED RO BTV D.

Flo, A7V NOBRITEIERE GO TR BGERBE 7 +—~ v MY Moving
Picture Experts Group (MPEG) & Society of Motion Picture and Television Engineers (SMPTE)
TR SN TS, BEICETEERPEEINZSE, 2— P EBGENET T =2 b
EDA LTI a YINHREICR L. BANRERL DT, AL—ARA 2T 7 av
EERBTHEDICNE, VAT XICELDRA T 4 VTP THS.

bW T, IFBRIEEEIC L DREMEOMH b LE L e 5. SMEMENE ST, 2 —
DENRITHL DD, BAIE - IFRIEO 2=V EX Z B 5720, JEBMEEIE 2 58
THLILELHRELRPETHD.

U bzads, RIRT VEBEBRE ISR Y = A F v 2 fiat Lz, SHEHO#RIEMN Y
= AF v E2RHADIHERIEM Y = A F v 2 K2R,

2.1 WHRT VHEIBBRE COA V2T 27 2 a VITAHRY = AT v

STAFA Hee BERSE
Yes RE DL TH E
No Tyt DAL m

Zoom In | HEK/HE/N EOEEHL m

Zoom HEDBIELE m
Out
Left | uEHE IEEIS H
Right EAI
e fBELIC

Down BETFIC _ ;
Still : .
Move | VS LLHREBLE E
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FTWE” & Ty BIEERELL. INHLDOV AT RIE, arr oY
BN LOBRIREICKWEATH D, £l-ar 7oy o@ERICIE, BRRT—YABEL
VETHD.

BAEZOL S a7 BB A 28T 2720121, VE—bharbre—7,
L <IIWiiRemote® X H 72 E— a a3 hu—F 03 HE L 72 5 [Nintendo06].
IIRBT A ANEOFHMEIX, BluetoothPiRAMRZE L TT VHl~ESLND. —,
REFIETOa T UVERIE, Vo ATF YW E RA 7 0 7 rEFHBEREIZ LD,
PEIL T A A7 L COFEBEZBIE L.

WU, “PEK - #ME/N7, “ETNEAE~OBEY” BMELRE L. Biko@my, REET
VARBEER BT TITHLR - i/ L7y b OBMGEIES —fREVICR 5 L TFRRESS. Zhbd
BEX, 2ot HLEBIZRHET 250 TH S, FINO6DY = AF ¥ [T NEE
HRRNE D, 2—FOM N - 0B LEEh L TfThbh 2 X&ETho. =—W
DEMZHE LY = AT v ilikz EZH T 57201201, R #Z2 B8 IS0 EED
REDLEEL 72D,

BB, FEBIEY = AF ¥ & LT “§RIE7, “TUo X L7 ZRE L. Bk’ (3BIE
PITHONTWRNT EEIRL, “T U7 L7 I3EMEEZ BRI L TV RN K E REfEE2 R T,
_MQ@VIX?¥iVXTAA@ﬁmiﬁzﬁm%@@ﬂﬁ%$@#%¢Vix%¥

DR EIHIT D12 DITIIMATH S.

Pk, WHART VIR CO2—F A V¥ 7 = — 2O EMER LT-. AHFFETORE
BIXLLFO#EY Th b,
1. ZFEHts (TV) oA o277 av
2. RUINTARLREIEDOTRM
A OIS TIE, BATE F M OBEIEL B TR et v 2Rt 2. £%
FIERECHELD2E R/ A AORBLEBT 522 & blitT 5. BRI M T
X, 2V EROMREZIMT 5720, EHORMERE ZOREEL R 5.

2.3. BEEHR

23.1 3XRFTAEFEROINEF

T AT v IR, 1R B % < OWFSEHEEI THFSE STV S [Hilton06]. 3Rk
KB 2 AF HIXEOHBRIZE S TRRY, BE-BY = AF ¥, BHABIOEEEY
T AF v, BLXOBH Y = AT ¥ O3FEIZKB] S5 [Mitra07]. £722 = AT v ilhl o
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Y —)L & L CTlZHidden Markov Models (HMM), Particle Filter, Condensation, Finete-State
Machine (FSM)72 E3 % 5. 206 OHFF X FICHEA S I3 L CEAS NS DT
o270, BRGNS BATEIEREIGT 5 2 LIIARFETHD. £D), KFFHH
Uz AF ¥ OB LB R T VR ERE TOAN A 2 7 ==L 2 &
IREE LV,

NEWED | > T T34 2L LT, il 2 1LelectromyographsoE— 3 3 Lt 4
ay hu—7 7 EOAHY Y RHE STV S [Rajesh09, Bahar07]. ZiLH D AT
DI AN OALE, R, M OVINEFESE D e 72 i 2 S8 L C AW BN E 2 @kl L L R8sk 3
LZENHRETHD. LL, ENHT AL ZADELNIEOMREBOEMES G, FREN
TOFMEMNZITE L Th 2RV, FiCmiiE 0T 0% <13, —RICEL LTS U Ea T
THOEMICREAR T TWD . I, BEADPFRHIIFIET 272DIIZ AN OT N
A ANKIEL 2D, ZOT0, MBRRNTIZ X DL T SA ARTER AV H T = — A
DFEBITE .

F 7V =7 bOBATEERIL, ATV = AT ¥ 2585 T 2 72 DITIEIEF I R
HICTHD. NEENLD 3 RICALENE R & I o CTHRGT 5 kL LT, 1Ekn
BAT VA ATZHRHNGN TS, ZHUIH TR ERR ORI D 2 50 A T T
L, 2 M OBEHGEN ORI R OAEO T &2 RGN E CORLFHNT 50 TH
L. AT UABATIZEDRITEEANE, TOU > TV X0 F58kT A 2 &
WD R BATEHEREZBIGTE 5720, Z2< OMSEHEE TR VHEEEN T
[NefianO1, Appenrodt10].

7= & ZIX T Rehg HIE, AT LA D A TZIZLVIREOKEHE O 3 RoohiE 2L, 3
WILZEMTO~ 7 A EEZEH T 5V AT L aHRE LTZ [Rehgd]. FREDOFR~T «
7 AEBELTEY, EFCHEBRICEET D22 LB/ THDL. ZOFESNCEH, R
TLANATICEDEBHE « V= AF ¥ BRI HmE ShTna.

LU AT LA A Z1E, BAT S FHA BUS T & 2 5008 WG O XS SUTRKAF T 5
EWVWHENR & 5. FRETOERFEMBITIBAT 28 5 ) A ADEELZRET 572121,
EHEARORITEXEREDT D ENEE L. AT VAN AT IIFRNCHT AT
WAENMEE L I 256032 <, RHERMMIZITE L TWRwy., £o b, #iE 2/
EOARATRUETHY, HEPKENDICRDOT V. EEREOBERIZLY, —BFRE
TATVADATENMTHZ L IREETHD.

20104, Microsoft?» HKinect o #2387 S #1172 [Microsoft10, Shotton11]. ZALIT/h &
R UYL ORIMNRE R b3 Z = B BRE L, SRIMED A T TEDRE— D
SRPAE BT 52 & T, EE~ORITEEZFHNT 5T A A ThDH. ZORITEHE
Ba2I, 2=V OB R OIRTNEEL Y T NVEA LTHETE D, ZokY
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X7 — ABICBRE EN, RV = AF v 2 AT L LT HERHIEICREh L.
KinectlZ 1B OZi7e o T —HFoE X 2@l - SREEICHIITE A7), 7F—
LEROHRLT V2 AT YW EIIL O ETHa s Ba—F Y a O SE
%k%k%@%%szémwnykkb_@ﬁ/#iA%®£%@¢®ﬁm@£a%
ThHY, fREeEOHPrREIE ETIFHEETE W, 207, KERTVIEa 2L
TOFFIITRREN R D .

Time-Of-Flight (TOF) % A 7 & E 7, IFFEH 2O T DL BATEZFHHIT A XA Th 5
[Ikemural0, Plagemann10, Ganapathil0]. Ziuidt& 40 HaRMREE R L, ORI
DEE ﬁ%#%%%if@ﬁ%%ﬁﬂ#é%@f%é FHHIRE R A PR EG & LT, fE
FEE LY TAZ A A ITE S FEHEROKEFEOREHERE GO DT
0, ﬁf7®m@A%EW%@ML O EBEZRHET D720 TR, HEobT
DREEETHRHIITE D, W ATIETEATE, EEFETORITEEREHTE
L2Em6, TVERIETOY 2 AF ¥ BMUITHNRT A ZEEZ BN TND

(INEYSY @ﬂmﬁx7%%thv4/&71—1%%%LthmMmm]:@
VAT LE, TVHEEIZEBT 212 E2TORMELZ 22— OFOIR Y LEHRZR & OE B
CxAF Y ICLoTHRELE. TV A U BUNCEBE L TRB Y, #EX F L AD 7220,
PR TVHRIEEZITH ZENTED. LvL, 2OV AT A0 2 EEIZ R 2
ORI Y 2 AF X I EE o TEY, RN THW REELRET 2 £ TITiTE-
TR RO KHEE « mAHEE T VERE TOY Y I 288 LG4, =—F
@El%ﬁmbtﬁ%m@¢® TN DAL R AW

Z 2T, WICEMHHENEORIITA 2R EIC OV TG L7z, BEGMRITIC K 2 A
WEMEERRTFIETIX, BRI %ﬁﬁﬁﬁgﬂ%%éhfw . WHTIE, ANEERERIC
B9 20k TIEEREL, BEMOBRRY = AT v @I A e B EE2 R 5.

232 AVMEERBO-HDNEHHE
BRI LT B H AT, A = AT ¥ BB BT ODATT AL ZE L

THBTHD. L LEERRENOITRTEEREBGTERNWED, Ve 2AF v il
WA E L COMPLITRIZMENT TE TRV, 7272 LEAR D A T MR 72 & O
BN G, BB ARATIC K 2 AATERER O RIZ 2 E TR T Tk Y,
ANt arvCa—2nA 277 a  EMCBELTHLEL#ERSIN TN D

il 21X, WRen 5% [Pfinder] Z##2%E L72[Wren97]. ZiUIABOF KL Z Y 7L
S A LTBWT D AT L Th D, FIRFZERIE # % & T Motion Historical Image (MHI)
PIER S, NEMERRT IR ICRAFMH S 40TV S [Valstar04, Ahad08]. & & IZUE4FED
Bt A T ORI ERIZEY, BMBANDO AN ZBIF 57200 T <, FETEZ 3 H)
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BT 52 E~OFBEREE > TV D, FRHTEFITEN D550 5 BEEFSE 2538
LTERE, £ & B DR a R BETE A B MR T 2 IR 2 Hed sh T g
[Sillito08, Basharat09]. 7= & X IXEAR B IX, @KFHTH CAEBIRHEA VTG & B3
1TEh & fr 3 2 e ffr 2 4242 L 7 [Shiraki06].

7272 L 2B IEREINIE, HIRPIRI T CHiog SN e T 4 v — 7 VA Z B R & L
TWDHZENFEAETHD. 2 & 2 ITEERRRLHA oL@ 7T — 2> & LT
H4 72 KTH, Weizman 7 — %t > N TlE, VHAE R ECKREI B I AN T
WHIKERY 2 AF v &2iT>CW5h. KTHT =%t v hOf %X 2.2 1277

ZHUTH L, EERETHRY LG — 7 v AT, BES LA v—T g il
BB TA L, BE LR IEF ICREECH 5. $lGM O 7 FEMuE © b sk /e
B ERRRBANT DI R R D BTN D.

|22 KTH 7 —# % kD)

Bag-of-features (BoF)i£(%, BINOFFTRE O & A N 7T N TR EFETRT 5 FIET
& % [Csurka04]. —fxMAEBRRICE L2 CTH Y, R zAH L TWL A
=23 VNAETH D Z ENFHTH 5. SRR B Cld Bag-of-words £ & L THI
MENTEA, SIFT F7p & O 72 /i EG R o HBLIZ KL 0, miGEREs B
HIRS WO D K 5127572, BoF {EITFF L TOMKRERRIC L EE 63, K2k
MR Y% LR NS AMET B2 LT, AWITEIREIC IS A &4 T 5 [Schuldtod,
Blank05, FathiO8, Sun09, Li08, Mikolajczyk08].

BoF i£ZFIH L7z NEVMERGR O 72O OFFE L LT, £ < OBEGFRENIIRE ST
W5, Bl 21X, Laptev (XFRFZE ]R8 Cd %5 Space-time interest points % $£%2 L [Laptev03],
Chen © 1% SIFT H#{¥ % BER 5 012 H45E L 7= MoSIFT %4248 L7=[Chen09]. Z 415 1E%E[H]
BT TRFMERE G ATEY, ANDEIMERITICHEDRFEETH 5.

7272 U ERLRF B E ORI XA T T 4 AT v — 0 X 9 e IR A X— R &
LTWD. 20728, 7 L —LANTINE 2EHRTENL S E<RRBTELH0D, &
Bch 2 EMIZRITEN 250075 Z LIXNRETH 5. fFkD T VHBEEREIZHIT 5
B THRR Y = AT ¥ O EE L2 6, ThOREEITANICHERE L v
EBTRIND.

EWIR 2RSSR AE AT 2B E LT, BMHEOREISN TV D, SIS



0w WRIHMT VBB ENC BT B3 EER Y = 2 F 4 Bak 20

B 7 L— A TORERME LGS LIEBEERETH Y, FEsOMEFRP RO
DIRFFSNTWD. 207D, RENQR NWENEZ B 272 DICAR R EEE LT
FIHEN TS, BlzIE, Yoon OITFETZEHIZE W CFERIRT D 72 O ITHBMFK
B& HW 72 [Yoon0l]. ZOFVETIE, AR E B EHHR O EBGENOEFERZ K
L, TNZBWT 52 & CEOPBIZIERT 5. £0%, Pz RHTmickt 7 A7
—varl, FUMMERONE, AE, HERFENLEWXFELRET 5. Bl
HMM Z % Z & T, EOMEZLICL MG LI Z EBRRETHL. 20X 51, #l
PRSI RO NWEE L BiE 2 L CRAOZRFBEETH 5. 7272 LE— OB 2 v
ToENERRATI, & ORGEED R RO BYE AT T D720, TR/ A ADLNFEER
BECIE ) £<EMEL RN &L 0.

UK LA, RREUREIE & R VO 2 BoF {EIC K 2 EMERRER FIE SRR S
TV %. Matikainen H 1%, BN THit L 72 28 O R EUSHR 2 BoF £ T features &
L, AN"1T8E)%Z 55 L 7-[Matikainen09, Matikainen10]. = @ F{ED K &3 Trajectons &
FETI, A7 v—2 a AT HEEERMER A R LTS, BRI THRZR Y = AF ¢ 75k
ZEBT L2012, OB ATER T2 A EEXLND.

72720, 2 IRTTME D B B D RIS, KT & HEE T A O ZE R ISR E S 4
TRY, BT HMOEEEZETeY = AT v Ok ITEE L [Morency06]. & D79,
RIFE Y = 2 F ¥ OFGFKICANT TE, BT VOFARAD THL LEZELABND.

AFZETITU EORREZ 7, ZHE Tl b TE e U HERET e —F &
FEEKRET 7 e —F 2@a T 20 R@ERTFELRET 2. BIRrIZiE, TOF
AT BB D BAT G2 FW TS 2 otk U, 4 RTINS C A
Ve AF ¥ ik T 5.

BUTE RS2 & AT BB H 2 IR SN TR 6§, FICBITEHF®RE AT 4
POURF USRI K % ¥ = A F ¥ B FEIL TN E TIZEEI L TV, KFET
Matikainen & O =F{%[Matikainen09]% BAT & FANZIR TR L, XEER Y = 2 F ¥ 8%k D
FHLE R T AR OMEOR LKL DO TH D, BEFIEL, BEgH
B OB 2 - BEF L, Sl L7z 4 ot 2 Fri & L7 BoF 5T AW
VAT X EBEMT D, LB TH T V=7 MR O/ - 38 A1T5 2 &7
<, A7 N— 3 NEIEREMERSRILEE 21T O Z LR TH D.

—HT, ARNVADRNS VoA E T 73 aryOEBOIZDH, 2—VRE LR
LTCWDNEOFHG, RS _REFED 1 > ThHDH. THAAAREORA T 4T
AEEFHANE Y = AT v i85k & IR W ST 5 & O D [Park08, Nickel07], BT

STHMOREIC L DMERRE, FHERF v ) 7 L= a UMEEOREMN L, e e
HIZ L0 EHPERNRIEAEEN TV, 22T, B &R0 BT EHRAETEH
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LTz, BREZRARA T 4 ZNLERHTFE B RET 5. REFEIFIOX v ) 7 L—
VaryN—URETHY, BRZREVETA MLV AR RS T 4 U ITEEZRITS Z 8N
TE .

24, YATLEE

RIFEDPIRET DY = AF X Bl v AT BE, AJJEBIC®HT=% TOF #7127, JERE
e n7mtyd, HWAMIZHELIE=2N07R5.

TOF 7 * Z 13774+ LED St O Y & 2 OIS, A7V =7 M E TOHHE%
BT 27 A 2 ThHD. KA OEIZS U TR E TOBRAT X EAN B §iAr TR
Sh, BATZMEBE LTS5, TOF I A 73wkt En-#iEs A L, A
Wk, FIREMERB L ~— L A=Y g Xy 7 F v R EICHLRHER TV S
[Matsubaral0, Ikemural0, Plagemann10]. ¥T4 CTIZ A OBEMERET A A & L THEHR
ZEDTWVDN, FEERIZFEMbINIZBNIRTED 0. £ZTTOF I AT T8, AD
Vx AF ¥k~ OIS R L7z,

AL TIiL TOF # A 712 Panasonic # D-Imager % 1 H L 7= [Panasonic09]. 2.3
(2 DOAMBLE kT, D-Imager (38 12 7 L— A THEE L, 1.2—9.0 A — hLO#i[H
NICHLA TVl FORITE AT L2 ENARETH L. BATEZEB O 5T,
WHOT LA A —/Vlitg s &5, WMEGOE L R A IR —TH L7, &
7Y 7 FNOFHEURIE T ER TR CALEICEND. ¥ 2.4 12 TOF I AT 0260
ThD7 VA Ar—/ViEig L BATE BB OB Z7R7. BATZEG T, B A TITEVVE
BIF EEBEE TR RESNTND.

TOF 7 A ZI3BERECIXHEMTh v, — R T S, A LIEF 2720, L
L, ZO@EWARVEC I D, FRRINIITZM TR T A A L2 D alRENEE 531
MHTND. 72&x1E, GPS REF— a eV HIHEFERITIIB LWWT NS A Th o
7ons, BUETIT—MEERFICHLRSER L TEBY, ZORKELREMICH ELTW5.
EHIZ, AiRO@EY MPEG & SMPTE TRATE Mz Gz /2ig 7 +—~ v b2
BRI STV D, BOEBRIZ AT X FIROSE A T UL, BATZFH~OFEILmE F
D, BB IR T N, AT D ETIREND.

PSR L7 nty P DOARy 7 3RkOEY TH%. CPU: 3.2GHz, A&V
4GBytes, HDD: 500 GBytes, OS: WindowsXP. & 7= Bl 5521213 Microsoft Visual C+
+EAWZ, VAT ACEENDEY 2 /WET X COMBAIZEZE L7nd, Rt
SHMR e EORARN T Y 2 — VB L CiX OpenCV 7 4 77 U [OpenCV00] % Fi| H
L7z,
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KL AT ANERMET D2 —W A U F T =2 — 2D 70 —%X 2.5 1RT. Tty
TF~DAINEITOF AT DT LA Ay — )Vl L BATEEBRTHD. 7 at v Ll
EBEMNT L Ca—VF DOV 2 AF v 2L, TR A T 4 VI EEZFHNT 5. &
BV AT XITHT D VAT LOWBERIT, VAT LNLOIREL LTE=X LI
fiEsns. —F, 2—PIET AT AN OIREIIE L THEELB IRV = A F v &
0, VAT ALNEREED., AR~ alas—a ik, ZoOT7a—%4

LTIThbis.

TOF 71 A Z 448

T VLA R —)VEig BLAT X i

X|2.4 TOFH AT HDH T

8 2
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Detection cost rate (DCR)(, NIST NEOT-FHHR L EE R L EE LM ETH Y,
EAMEVNEE AT AOMRERE WD & 27mT (KX(3-14)-3-17)). ZZTDIHMEHEED
L EVME, Npgpg l3BUR SV REEITENL, Nyiss(D)IF S AT L5 R U7 REEI TN,
Nea(DYIE > AT D3RR LTe R EITEIL,  Toource (37 A N HABUE T — % O FHREH
BRT. FTARZ A7 TEAG-INTRITTEBDANSINTZ. NppplI 7 A BRI E
ENTWe WEES ] ATEIE, Ne IBEEOT AT L0 Lc ThEE ) 1TH)
B, Neorpet\ ZBAEFED Y AT LD TH .

F31ICLDE, FlEL VAT LAOEME19ITK L TFIE2 VAT LOIEMENT 39
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B X 0 2502 ZBE 25 2 & T, ITEEBIOMRENR [ LT 5 Z 2R LTV
%. T, TRECVID 7—#t v O X O RIEFITRME L 2BBGTlIA 7 v—2a o

DCR(D) = Pyiss(D) + B * Rpa(D) (3-14)
Puiss(D) = =) Ry, (D) = 1FAC) (3-15)
NTarg Tsource
Costra
= FA 3-16
B Costyiss*RTarget ( )
COStMiSS - 10, COStFA - 1, RTarget - 20 (3‘17)
Nyiss (D) : The number of missed detections at decision score D
Nrgrg : The number of event observations
Npa(D) : The number of false alarms at decision score D
Tsource - The total duration of the video segments in hours
£31 WxEL] TETOFEL &L FE2 DI
%if Nref NSys N CorDet N FA NMiss RFA P, Miss DCR
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R—R

537 582 | 35.219 | 0.937 | 1.113
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