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Fig.1 An artigulated model for human body.

1154

X, TOBRTHEHMM i —1 OFEIER X1 % w,
y,Z@ﬁﬁ~m,@,uVﬁ§ﬁ,ay,xﬁ®E
(20, 0y, 0, MESETHL. ZOLE, EBER
L 25 B NOBHE FREWATY

(7 1)
0 1

TEY. 22T, Ty(0) JEETHIT, 2, y, = #EH
H DEEATIE, EREN Q.(6:), Qy(fy), Qu(6z)
Ll

T; (9) = Qz (921' )Qy (gyi )Qz (9-”51‘ )

THhb. T2, t, T2 ML
ts,
tl - tyz'
ts,
ThbH., 1B, BEMOBIIEEOL-DITH X T EE

%oxe LLTBL.
AL ORIE & BB ERT 8T A — 5 2 REAIH 5 IE
TR DENRY bV q TEY. Fabb,

q= (tz‘utyl7tZ179$1a0y1’021""atwivtymtzz'v

exi’eyi?ezi)—r
EL. 2D qE2HBEOMNE - BEINT X —F LIEA,
HRATERERTRENE p 25, SAL 0 DEEESR
Y Tl ps TRENTWBET L, ZOE% FRREE
RFEIRT

»=(1)

ERY. 7, p DEIREERERE P £T5. 2O
& XIREREZR DS H A T EERANDERIT

kA,

WAL DSEICH B ORERERE R 2, y, 2 #iHH
W2 ray, Ty, o, BEIL, 2, y, x BIONEIC ¢s,, by, , b,
mER L7895, &% RRERITYT

L Ri(¢) 1
R“_( o7 1)

EERT. T, Ri(o) FEETHIOA A 5 — 45

NI | -El ectronic Library Service



M B 7 MEIEARRE R A T B EE D S 0 FARBMEHEE L

Institute of Electronics, Infornmation, and Conmunication Engi neers

THY, r; ZHHEXT PV

ThH5b.
BEMOHBEEEEE BED 6 HRETDH 575,
FRUNOEAIZEE Y Y 7 EELTWAEDT, HH
BIEEDOAD 3 HHETH 5. Lo HE & oEr %
FTEREEE N A — & LR, /85 A — 7 #ARE
A SN2 DENT ML x THT.

X = (T-’El’rylarzla¢11y¢y17¢'21a¢3327¢y27¢227
T
"a(bmmfby“d)zz)

B BBENTA—F q EIEINNTA—FORDPELD
ZLITEE.
ETFUAEHLL X, E P 3 2 TEIERT
W p ICBEILAET S, ZOTHIL,

f)/ = T1R1T2R2 N Tszf’z (2)

TH2oN%. p' IEHIT X —% x OFEE%S.
COBEBII—RKIIEREEBTH L7407, EB/NT A —
YN E EITIIBRBAL T A2 EHFTE S, T4
b,

p—-p=Jx (3)
LFEEDL, 2T, J= 2 3y aeihl LR,
ZORMEFEIINHF L. IIREN TV,

2.2 KU7 MEBEKEEEZE T 3EEEBHEOHE

BB 7L -4 (B0 7L—L4) LEBHKRT Y
L—24 (B8n7L—24) T, TFVEHFEIZKETIL
DHBEOMNE L EENELNTVELETE, ZOLE
H 7 L — A TOMNE L RBOREMEX, 9Ky b
OHERIHMEL L TR I ENTESL, RO T7 =
A= a MERY = VOV onE, F—T7Lb—-4%
Bzx7:b&F -7V - LHOLE MBI T LR
o> TWn5b,

AT, &OBHELELE L THREMHEZ AV
5. REBOBHEIL, FBEE LR TEEDETH
BlYoEETERL, MEAEL 7L - LB TESL,
HEESEEL. MEOKRBHRIL, & EALOEAD
AT . BB LR THNEDOEL 7L —LHTH

SGLTCHBEMELXRA.

BONTAE - BEFNI ST A — 5 EBRNICHEY
W, M2 EICEBOLDIIINT A —5 Bl % KT
ELT, ERENIHMENEINTHE, ZOHHEY
MEEE &4 5. FRICERO S EOBIESE S FH
NTWh, PEHEZLT LU SEIEEE I L 2w,
MEP—HTSH L) P HELBIET 5.

VM EL S KT L — LA TOETIVOME - LD
Gronf-b &, REITRRLFFETEE (T X —F
RHEETLH. BONTEEIT X — 5 BT
L—LATONME - EHIZBREL KR EZM 2 GIORT.
PRESME L CEMEMEL SO FY 7 MRELTWA,
ZOFRYT7 ML, EFAFEERETR TS DI,
BELHENBALTVWAZENELRERTSHA.

N7 FOBER#EIZS. TRYT. M2 GI2BES
NZHEATTR SN TV DA, —BEOBIE CEfEHEIC
=BT 5 LR . BEMEOFMIIRD L IC
7.

EFAPFEHII-HLTVEEThE, FhKELED
H(X,)Y) ORET pi BERETAVLOLRDB L
NTEL, KDTL—LTOME p; OBEELR (2) 2
LEMEL, ZoHfEL (X)Y') 2ko5. L, #8
AIE LIS, BkfE B(X,Y,j) & E(X',Y',j+1)
DEEZ 0 IEICETTH S, £2T, FHKELEK
RU27 L —ATOREORMEZRNTERD S,

DY (BEXLYLj+1) - EX, Y5 (4)
j=0 X,Y
HUEDIBIE 2179 72 IR EOKRI & K, & biRE
DRMD/NS L HEZBIEHEL T 5.
LZAT, ELVEMEBLE L CTRIE L2 EH /¥ T

2 PEIEE, BFELE, REELE, FU 7 L ROELE
DIEIE
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Fig.3 A graphic user interface to set a body pose.

LB ER A REND Y, BEDO L ZAHEL
LW, 22T, HENLFEL LT, FHTF—
TV—LzBIRLETNVEEIE L 2250 BRICY Tk
HHIEDTEHMHBEL GUI 2R L.

REVAT20GUI 2K 3 12RT. EORDK
SLBEHEEZ A A VHEE LY, BREEIRINT
Vo, BERETNVIE, TAXYTL—LEKRHLNIEY
Vo RERT, COX YEEICERTH LS. 4
WA BRNDSOBEDSH D ETND V) v FERIRHR
ENTW5E., ZoH b, REM, BIEK, ErKEICE,
HWIZEHKT A0 A TID0RETFTVOREEIRE
NTW5E. &Y O— 0 ZIREEIE, B - KE%E%
EDHDHNWET A A EETREFMEIEET L7012
fEHT 5.

BEALORLE - BHOREL, T_Tw 7 ABIEI
E0ATH. EFNEFEKIEO—FKIE, A4 VEELT
TAXY TV —LAETIVOEHBEBIBEOHICITIZE
A EIEVFET A, BEEICHTAFEDME R,

RSN OLBIE, SERERRVSOHET S,
FERERDETVEEIZ, 1 F—-70—24%Y) 10~30
BLOWTE[TTHILENTE S,

B 1 EIRTHEEFTVTIE, KB, &, HiME,
HEER, Wi, BHEIIHES, FRREIEFRTHEDL
TWa, EFVIE, GRT—5 =2 [19] * &1k
L7z AR, BEFLOABELRAEL TV
B, BRORESIIIBAENH L7120, WRIT LI
DY A XL EOBERMNEYZETL2LEND
H., INSDEFMIST A—2E, EFVHEBEREID
“HTHLIIEETS.

ETNVOEEELRBOFREIL, BE LETIEIEWIZHE
BLTWADT, ELELEFEHREEL T8 L WRE
Thad. Bz, MOEFVEBAESELEE, EF
NORSELEB2FFICERET S I LITELY. Ly
L, DLBOKREAEEICFITICR > T Ah 7% 5T,
ETFNVORSITHEE O LB EREICESRE. 20
£, EFVOYA XL, WREMOY 4 XA IE#

1159

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

BT HH0EE S ICEE 2005/7 Vol. J88-D-II No.7

£ 1 HEWALOEE/ T X — 5 DEHBE
Table 1 Setting d.o.f for parts.

Parts name d.o.f | Parts name d.o.f
Waist 6 Chest 3
Left thigh 2 | Right thigh 2
Left shin 1 Right shin 1
Left upper arm 2 Right upper arm 2
Left forearm 1 Right forearm 1
Head 2 Total d.o.f 23
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B4 FHOBH. STERELILORER. &HE7L—
LTI
Fig.4 Box tracking. The 1st, 2nd, 3rd and 4th lows
denote poses at initial, 1st, 2nd and 5th(final)
iterations, respectively. The 1st, 2nd, 3rd 4th
and 5th columns denote poses at 0, 8th, 16th,
25th and 40th frames, respectively.

Inital poses

Tracking result

5 HHAWOBIEEHER (T) LoHBE BT
%85 (L)
Fig.5 Human body tracking.
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M6 HZOMBIEBRE. £IT13 E2s 18, 87, 156 7L —
LERL, BHIEA»SHHES, 1, 2, 3EE®
BIE R T BHEE S

Fig.6 Correction process. The rows correspond
to 18th, 87th and 156th fraemes, and the
columns 0, 1, 2, 3 and 5 iteartions, respec-
tively.

7 REREEDBIFER
Fig.7 Tracking result of pitching in the baseball
game.
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Fig.8 Reconstruction of the pitching from tracking
result.
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Fig.9 Initial pose (left), final pose (middle) and final
pose after adding key-frames (right).
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B 10 BifpEEXORK LMo

Fig.10 Rank of the system of motion equations vs.
occlusion.

2 BIERER

Table 2 Statistics in various tracking results.
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Fig.11 Iterative reduction of residual error for model
fitting.

%<, MORLEKEZERL L TCOREBRIEONS LI
ROz, T72, MM EREHE), ELWLE - £
BLRESTNTORIEAE, BIEEHTLIZ LD
5. ETEEEL, Pentium4, 2GHz ®»7ut v #T,
B A X N—T% 4 X, #aELEEH 10 @, F-—
TL—LABOKE* 10 7L —L & L7, 108
THho7.

6. % =

AFELBIRESNTVE FY 7 MEEEE D&
WEEETD.

Tomasi 5 [15] i3, ¥F— 7 L —LHOLEZE TRy
NOBMERTEIC L o THBI L T3, F—T7 1L —240
BB ECGEICIESTH S5, B hb L N
BOEELHRN, TRy DOBIERTE ST TIRAERKT
SRVEMER &G, EB, BBHMIC L 28R E
LERSNIZH 5 OMIALEFNIX, TN EEH
SN TNITV—0bdH D, MOBERHEEZE
RML7ZEZAT, FIROVFIRY 2R LV OHEHTS
BEOARBIIREETH L LB L, KAFHETIE, B
ESTEIC X 2EEAE > TV THBERBIEIZL D IEL
WEMEELE ISR ST B, 72721, Tomasi 5 [15]
DFEEOERIT, EFNVEMOBmERBICH S, B
RH o0 HHEHT, BATHRTEFTVORMELD
HEARMTLZENTELS.

Rahimi & [16] 13, B0 ki #BE) & EiTD
ZRTLEFEE OB OWTEKR N 7 FOBE%
fToTWw5b kmﬁL%@fui@Aw%%@éﬁ
Tﬁﬁﬁ%ﬁh,_ﬁmmhﬁﬁfﬁﬁ%hﬁ~

NI | -El ectronic Library Service



w3 B 7 MEEMEEE AT 2 BEiE D S O GRSk E

Institute of Electronics, Infornmation, and Conmunication Engi neers

HEHEFEERPOWIELTVE. WTFRAOBAIC
b, WE S HEECE R MoK ER S E T
TVWEIIIEREIN TS, I LT, KFFER
MREERMOWAE L)) S $I2EF 2 MEL T
Wh7:o, EFORIEIMOEE N E T NS TS
HhH. TNUTHPDDLT, BEEHFOMBELIZLY
ELWE RSB TE T 5,

KiZ, U7 FOBIERES BT 5. STk [16] ©
BlZL 2 &, R EBENICBITZ2 N 7 FEIRW
HE»S OBB=ICI3IZREAILTWE. ik, &
BRIV—LTOFY T MEEZTL—LHTESL, #
DESEEZTL—LIEIZELFICZEICENEZET L —
LTOF) T L 2bhBERETELIL2ER]RTS.
N7 MEDPHBIBEED SN THAHETTIE, KF
ERINT 537201387127 595, Rahimi & OFF 3
BERCEBRELTWS, 2, AFFEEF) 7+ E
7L —LRIT—EL LTWADIZH L, Rahimi &
BRLELELTVELDTHA.

—%, etEEE, RFEETIE, KT PLED
EEMBEDATHHHY, Rahimi b DOFHETIERM
BOBPET L — L8 x “TTOHTET HREX L #
SULEBH D, L7225->T, GHERBEIRTFEDOHHD
Hwkwz b, B, Rahimi 5OFFETHF— 71—
LADLEHZHE T L — LB ST L L) ER IR
HS [14) LRI TH 5, BN 7 L —ANSEREET
WL LILL o TBEBEXMLEEETWAS,

7.6 T U

WS AR, HEE) ST X —F FHEEL, FhE
BPETAHI Lo TEfER HIET 5 T3, e
EORBIZEAL )7 MBEE o Tz, K
X, SOFY 7 MEBIETL00METHT %2 TFE
TRELZ. W OPOERBIIN L, FEOBEE
WE LREFHEOER M MR L 72,

SBROBEIEELTH S, BIC, EiEDLSEHE
O, FEBOKEE, FHEROY A XL LEORE
HEDEMIPBREEN TS, IS O L ARE
FEz A EbE TEENZED HEML R ED 2\,

#HEE AT Z2AT L0 GUI OBRER P FED I
HRATE Nz, FREHEK ((B)) Cube Inn) KU+
FEEAKR ((BR) ASE) \ZE#HH LY. T/, BFE
BEOFHLZFTTEES T L7z, BAT L ERGEERR
KR UFEEANE IS L T

(8]

[10]

(11]

(12}

(13]

14]

X 7y

T. Moeslund and E. Granum, “A survey of computer
vision-based human motion capture,” Computer Vi-
sion and Image Understanding, vol.81, pp.231-268,
2001.

J. Rehg and T. Kanade, “Visual tracking of high
dof articulated structures: An application to human
hand tracking,” Proc. European Conference on Com-
puter Vision, vol.2, pp.35-46, 1994.

J. Ohya and F. Kishino,

tion from multiple images using genetic algorithm,”

“Human pose estima-

Proc. Intl. Conference on Pattern Recognition, vol.1,
pp.-750-753, 1994.

D. Gavrila and L. Davis, “3-d model-based tracking
of humans in action: A multi-view approach,” Proc.
IEEE Conference on Computer Vision and Pattern
Recognition, pp.73-80, 1996.

I. Kakadiaris and D. Metaxas, “Model-based estima-
tion of 3d human motion with occlusion based on ac-
tive multi-viewpoint selection,” Proc. IEEE Confer-
ence on Computer Vision and Pattern Recognition,
pp.81-87, 1996.

ReEw, B B2, 5K % <EMIFRCL2 3%
TENKEE OFIER,” BRFERRILE (CH), vol.163,
no.608, pp.1167-1171, 1997.

I. Haritaoglu, D. Harwood, and L.S. Davis, “w*:who?
when? where? what? a realtime system for detecting
and tracking people,” Proc. Intl. Conference on Au-
tomatic Face and Gesture Recognition, pp.222-227,
1998.

C. Barron and I.A. Kakadiaris, “Estimating anthro-
pometry and pose from a single image,” Proc. IEEE
Conference on Computer Vision and Pattern Recog-
nition, pp.669-676, 2000.

C. Taylor, “Reconstruction of articulated objects
from point correspondences in a single uncalibrated
image,” Proc. IEEE Conference on Computer Vision
and Pattern Recognition, pp.255-261, 2000.

C. Sminchisescu and B. Triggs, “Kinematic jump
processes for monocular 3d human tracking,” Proc.
IEEE Conference on Computer Vision and Pattern
Recognition, vol.1, pp.69-76, 2003.

M. Yamamoto and K. Koshikawa, “Human motion
analysis based on a robot arm model,” Proc. IEEE
Conference on Computer Vision and Pattern Recog-
nition, pp.664-665, 1991.

M. Yamamoto, A. Sato, S. Kawada, T. Kondo, and Y.
Osaki, “Incremental tracking of human actions from

»

multiple views,” Proc. IEEE Conference on Com-
puter Vision and Pattern Recognition, pp.2-7, 1998.
C. Bregler and J. Malik, “Tracking people with twists
and exponential maps,” Proc. IEEE Conference on
Computer Vision and Pattern Recognition, pp.8-15,
1998.

KEEA, IWEEE, WERIER, “F—-7L— LH%F

1163

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

BT 1EH0EEF & ICEL 2005/7 Vol. J88-D-1I No. 7

FI L 7- BIRBY B (%7 & 0 ARIBIEOBES,” E%H (D-1D), ( 0 0 0 O \
vol.J81-D-II, no.9, pp.2208-2018, Sept. 1998. OR. 00 0 1
[15] C. Tomasi, S. Patov, and A. Sastry, “3d tracking = I{yz—z =
classification + interpolation,” Proc. Intl. Conference aTyl 0 0 00
on Computer Vision, pp.1441-1448, 2003. \ 0 0 0 O
[16] A. Rahimi, L.-P. Morency, and T. Darrell, “Reduc-
ing drift in parametric motion tracking,” Proc. Intl. ( 0 0 00 \
Conference on Computer Vision, pp.315-322, 2001. Ko OR; _ 0 0 0 O
[17] B. Lucas and T. Kanade, “An iterative image reg- z_aTzi - 0 0 0 1
istration technique with an application to stereo vi- 00 0 0
sion,” Proc. 7th Intl. Joint Conference on Artificial \
Intelligence, pp.674—679, 1981. ( 0 -1 0 O \
(18] IWARIE(E, “QECEC L 2E)EE L EEERL 5> OEKE) OR 1 0 0 0
WRD 3 RICEBNENT,” 5% (D), vol.J69-D, no.5, Ny=—™t —
pp.785-793, May 1986. 09z, 0 0 0O
[19] FMEET, HAEW, 2E ¥ AR, BAAME \o 0 0 o)
FHET— ¥ X—Z 1997-98,” WELETHE 5L & JIS
£ 5, 2000, 0 0 1 0)
[20] B. Horn and B. Schunck, “Determining optical flow,” OR; 0 0 0 O
Artif. Intell., vol.17, pp.185-203, 1981. sza%i = 1.0 0 0
[21] [IAIESS, #¥EH 2003-182413. 0 0 0 o )
1 2 [0 0 0 o)
1. YaEFFIOEH N=OF _ ] 00 -10
9B g T CATHIL BRI, KO &S (A E NS, %z | 0 1 0 0
\0 0o 0 0)
~/ ~/ ~/ ~/ ~/ ~/ ~/
op _ (9p Op Op Op 9p Op $7:, T 2 Th % COMEERE
ox Org, Ory, Orsy O¢az, O¢y, 00z
op’ op° op ) Hi =TT T, (A1)
"¢y, b, O .
oo O 00 LI, H, BOHEER 5 254 A TEER 5
= (5T Tipi, Ti 5 —T2 - Tips, ~DEHRTH S,
Org, Ory,
T OF Ty Tipi, Ty — OR, I Ty Tips, Hi=T-- - T;Tj41--- T
or, 0dq,
OR OR =HiTo T
Ty =Ty Tipi, TioTo - - - T3P,
' B¢y1 Y8¢., 8¢zl J: D ’
ijlﬂi =Tj41--T;
OR; OR;
T - Ty Db a7 Pi, 1 T’quyl Pi» BB E AV, B, ME P AR () LV ART
OR, BRETOME p TEEE, I EFHIE
T - 'Ti_lf)z’)
0¢2, 8p

BX_(HIK Hl lf)aHlK Hl p,HlK Hl P

ST, Koy Ky, Kz Nay Ny, N; EROE5 12 HiNH{'p, HiNyH; ' b, HiN.H{ "B,

ERT .
000 H;N.H'p, H;N,H; 'p, HiN,H; ')
OR; 0 000
K=o, = A2
Ora, 0000 (A-2)
0 0 0 O EERED.
1164

NI | -El ectronic Library Service



a3/ N7 MEEMEELY AT 2 BEE) 5 O S EBIEREEE

Institute of Electronics, Infornmation, and Conmunication Engi neers

2. FEEYNSA—-2DHTE
BHRETNEFRIC—F S, FEBETET
WZEED AT o N7 2 AF v 2SR LICiRE SR
bDERLTILENTEL, ZOLE, EFVDOEE)
IS CTHEIEO B REE TRTAZ L2 TE L. &
DFHEEFROBERE —HT D L) ICETFTILVOH X
zRONE, TN GHEROER L 2 5. FEOES)/<
TA=F x HHEBEHOESZFE > TRD L HIZHES
5.
BERLEONE p B p ~BELALE, =kTOH
X7 vE Ap=p —p = (Az,Ay,Az)" &F
L. FIREERTREINZNE p L FOBEE P 2
LREINRY PV~

Ap=p —-p=P.(p - P) (A-3)
ThHab., 727201,

1 000

00 1 0

7J)< 5%?‘)»%5@*&*@%?»&?‘% RN

& L’C,

X = f=
{ v = i (A-4)

THRESNS, B p bREKICE (X,
5L 5.

BREBMED_RTBEXZ P Vi AP =
(AX,AY)" = (X' =X, Y —Y)T Lzt L, =%k
BN bV Ap L ZRIEBENZ ML AP £ O
BfRIE, EMEIVNSVE EAXTHERIIT OIS,

YI) /\?ﬂ“»’i’/

AP:%HAp (A-5)
27ZL,
f 0 =X
Py = A6
i <0 s —Y> (A-6)
—7, WEHEETHRAN SN BE GO BREE

E(X,Y,t) £95. t ARAEZERT. BEE TR
REPELL 2w E iU, BEmEoOBEI~NY bV
RO—KFRRNHEEND Z LML TW B [20].

ExAX + EyAY + E; =0 (A7)

ZIT, Ex,By 3FNZFNEBREE © X, Y HIAD
ZALE (BREIZHE) ThHY, B 3ME (X,Y) 2B
AR (BEZHE) Ths. 2hEFh, 8
EREPSEFHEE LR ECRDIFETAI LN TE S,
ZokE, K (3), (A-3), (A5), (A7) 25 EEh/S
TA—=F x EWERTEROFERRAIESNS.

GIJx+E; =0 (A-8)
ZZT, G= (fEx/Z,ny/z, —(XEX + YEy)/Z,
0)" 75,

ETFVEHEIIHLTEDT, HEEoEn=

RICEREE (x,y,2) EETFTADPLESNS. $7-, #
DEPBL TV ARM2S Y aVTh%atE 352 &
BTEL. LIhoT, 12507 (A-8) 13ER) /ST
A=8 x A ROL-OOBFHEERER D, EFN
(BK) EOWLOhDE»r o8I L DHERE
EV SN, ROBEELHRAIBONS,

Ax=b (A-9)
ZZ T,
G1J, —Etl
G2J, —E,,
A= . ) b= .
Gndm —FE;,,

2L, mFEL2, -, m 3HESEET.
(ER 16 £ 7 B 28 B4, 17461 A 7 HESA)

WA EE (EH)

A48 LLK - T - Hlf#%. B8 50 T K
KREELRET. FE, BRHAF. 8
BB, o ¥a—-5VYYa L EOME
WHEE. F~2 7 F FENFERHEETE
WH7ER. 62 BLFRMAESTHE. B
: 1E, %ﬁ(ﬁ%kiﬂzi{ilﬁﬁ&l%ﬂwﬁ TiE,
IEEE CS &4

RO ES

1165

NI | -El ectronic Library Service



