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Keyframe Tracking of Human Body in 3D Motion from a Monocular
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Fig.5 Keyframe tracking of a discus-thrower, I
Wyludda, who is a gold medarist of the woman
discus throw at the 1996 Atlanta Olympics. The
results are shown at 6 intervals of fields.
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tive approach of a model to the 15th field of the
discus-throw image sequence by the keyframe
tracking. Left-upper, right-upper, left-down and
right-down images are an original image at the
15th field, 5th, 50th and 500th iterations of con-
vergence, respectively.

WINER L T HEFEK 6 g, 22T, 15

TV—AIZX L, 6 O FIZFEEKRE, L, £T,
EFTeEhFnsE, 506, 500 EHEVRLIZEED

WERERT.

.8 ¥ U

W OBDF—T7 Vv —ALTEZONS AEDONE &
LEOWHE Y, o7 v —2bERSEE I LiIck
D, THOEI SR VIBIFFELEEL 2.

ZOGEHRRCLELRE S OfEEE LT, B
NAHEZ 570\ & &I RO RFZEMAIRIC & 2HEE,
BN oL Z ANy 7 4 V2L 5 FH
Wz,
CRELLEFHEEACT, B CEMREERA L LT,
MBRTFOBRTEEELER T2 EBTE, 20
ZEiE, HOBRED S T b PHEOEIEBS R FE T
HDZEREWRT L, BHEIEE CG LELTs 2
Licky, BEOFBICLZNT 3 —< VAT A —
YarRy —ALF w778 OEFEERISARETH 5.

SHBOFEE LT, BEFEETTo>TwEF—7
V—ATOETNVREDOHENL, BLU XD IEMHERT
DRI HZE T SN,

B AW, RIWTERESEENR - AR
FR& (No0.06212208) DOXEERZF 7=,

X B

[1] D.M. Gavrila and L.S. Davis, “3-D model-based tracking
of humans in action: A multi-view approach,” Proc. of
IEEE CVPR’96, pp.73-80, 1996.

[2] L. Goncalves, E.D. Bernardo, E. Ursella, and P. Peroma,
“Monocular tracking of the human arm in 3D,” Proc. of

~ 5th ICCV, pp.764-770, 1995. ~

[3] B.K.P. Horn and B.G. Schunk, “Determining optical
flow,” Artificial Intelligence, vol.17, nos.1-3, pp.185-203,
1981. A

[4] #HEHE, SOREEE, SHHIEE, “HREE &> 5> 0F
D 3 RITEE L B OHEE,” {EF5F (D-ID, vol.J80-D-1I,
no.l, pp.44-55, Jan. 1997.

[5] IL.A. Kakadiaris and D. Metaxas, “Model-based estima-
tion of 3D human motion with occlusion based on ac-
tive multi-viewpoint selection,” Proc. of IEEE CVPR’96,
pp.81-87, 1996.

[6] FMMAERR, EEEE, MWERER, ‘v xy MNEG» S OM
HiWtk O EBHEELR,” 555 (D-ID, vol.J79-D-II, no.1,
pp.26—35, Jan. 1996.

(7] ARA&fFE, RBEHEE, RHEE, “AT4v 7ETNVIED
{ BIRGEIE 0> & O ANESITESH OB O—FE,” 7
%3 (DI, vol.J74-D-I1, no.3, pp.376-387, March 1991.

[8] AbJIVEVEER, “BFRYENT 7w s 7 2 > 7,” BiEEE, 1993

[91 R.Koch, “Dynamic 3-D scene analysis through synthesis
feedback control,” IEEE PAMI, vol.15, no.6, pp.556—568,
1993. '

[10] AHIER, F~h b 2T 47, ‘B0 H28HMED
sk & B, B%& (D-ID , volJ76-D-II, no.4, pp.854—
862, April 1993. ‘

2015

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

EFEREEFE®EE '98/9 Vol. J81-D-1I No. 9

[11] H. Li, P. Roivainen, and R. Forchheimer, “3-D motion
estimation in model-based facial image coding,” IEEE
PAM], vol.15, no.6, pp.545-555, 1993.

[12] J. Ohya and F. Kishino, “Human posture estimation
from multiple images using genetic algorithm,” 12th
ICPR, pp.750-753, 1994.

{13] R.B. Paul, “Robot manipulators, mathematics, pro-
graming, and control,” The MIT Press, Cambridge Mas-
sachusetts, 1991.

[14] T. Poggio, V. Torre, and C. Koch, “Computational
vision and regularization theory,” Nature, vol.317,
no.6035, pp.314-319, 1985.

{15] J.M. Rehg and T. Kanade, “DigitEyes: Vision-based hu-
man hand tracking,” CMU-CS-93-220, 1993.

{16] K. Rohr, “Towards model-based recognition of human
movements in image sequences,” CVGIP: Image Under-
standing, vol.59, no.1, pp.94-115, 1994,

(17] cBiAm, M 8B, KSEE, WEKIER, "SHEHEE
26 O NHEEDBH L B, B%% (D-ID, vol.J80-
D-11, no.6, pp.1581-1589, June 1997.

(18] BMm{tE, AHRE, AHGEE, BECEIIEFRLR
EERACIEB&RD S OFIED IXRTESBHE,” E%H
(D-1I), vol.J79-D-11, no.7, pp.1201-1217, July 1996.

[19] XIER, NE 5B, Afht, SIHE, “oXy bE7
WA BT { ARIEED 3 XKocEhE e, ” 5% (D-1D,
vol.J79-D-II, no.1, pp.71-83, Jan. 1996.

ft &

1. EEEHORBROERS
EEEHOKEIEE L = [|R.n — RL° &
B<.

L, = ||Rn — Ria|]?
n
= IR oRi0 [ @it — RenRunll®
=1

j—1
= I(RipRio [ Q1) Qi (miyia Qi)

=1

— R Riall?

j—1
= (R Rio [ @u){Qis

=1

-1
— (RepRio [J @i

=1
R R ] @ M ] @oir
I=j+1 1=j+1
22T, (RigRio 2 Qo) & ([T, @u) WIE
HEZITHTH LD T,

2016

Li ={|Q:; — Pis|I°

L%, BL,

7—1 n
Pi=(RioRio [[ Q) 'R Rin( [ @)™
) 1=1 I=j+1
pl(zﬁj) pz(zzj) p3(7’13)
= p4(11.7) Ps(i,j) pﬁ('l,j)
pr(i,3) ps(i,3) pol(s,7)
ETBH, ZDEE,

Li = (1 —p1)° + (¢s5 +p2)> + Wi,; — pa)°
+ (hi; —pa)® + (1= ps)® + (i,j + pe)°
+ (%ij +p7)° + (pi; — ps)” + (1 — po)?

THLZ2OT, B8 ST A—5 o; L URMS 21T
2 &,

dL, oL, oL,
=0, =0, =0
Oaa; 981 5 01,5
6L1 * *
= 2(2 i, — -
Boe (2¢i,; — (ps — pé))
aLl * *
= 2(2%; ; — -
P ( )i, j (Ps P’r))
aLl * *
= 2(2¢i,; — -
8¢i,j ( ¢ ¥ (p4 p2))
EB, TIT, BRED +x 3D EL—DOROH#EE
Y. -7,
oL
8—2; = 4E;T; — ber,;)
BrL,
0
I

Er; = . (A1)
I

£ET5,0, I3, ThFhrAX83Inrol{ry], B
fif75ITH 5, i,

0

Ci1,j

ber,j = . (AZ)

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

WX ¥ — 7 v— LR EN AL BIREEIR D © OAREFE D58

BL,

(ps — pé)/2
cij = | (p3—p7)/2
(ps —p3)/2

EL, OBREX3ID¥uRI rVTHB,
2. IEESHOKRFEIROERS
WHEEBOKIFIIH Ly = || Tin — Tinll® &, i
HEEH T A—F S ; OHDEBTHZDT,

OL2

= 2(T1n — Tin
35, ; (T, 1,n)

= 2(81,3 — (Tl,n - TI,n + S;,j))

LA, Ru,

OL.
8$j

= 2(E¢,52; — bet,j)

kb, 22T,

Et,j — . (AB)

0

L35, I, 013494 X533 &M, ¥oiTdlT
HbH., Fiz,

Tin—T), +S%,

0
bet; = . (A-4)

0
ETL, OREXI3IDXuURZ PLVTHS,

3. BHHIMRNERD
W R E

n ' v
Ly =Y (x; —2;-1) diag (5) (@ —25-1)
=2

EBTIE, ORI

oLz . v ‘ x;_; + T35
o, 4diag (2) (mj 5

&7‘;5. {El/, :BS E:l:’{, w;+1 E:Z::l_l t?’%. {I\E
27T,

dLs
52!:]‘

= 2(As 525 — bsj)

Lhks, EL,

As,; = diag(v) (A-5)

* *
i1+ i

be; = diag(v) 2 - (A-6)

E7 5,

4. BN T4 N2IZLBTH

AN 74NV, 1 7Vv—A%OTFHIET 4L
Z) T ERHICEDRLEYS 7 Vv—AHCED S
hz[8]. $khbb, j—-17v—sxTBAISHIL
EEINT A=Y o7 § 7V —LAORETHI,

Sjli—1 = Fsj_1;-1

Vij-1 = FVj—1|j—1FT + GA.G T

T5z260%, 2T, BRFabB b 7V—ALFETO
BEHrOHHIXN: ¢ 7V —ATOHBELZEKRT
5, %57, V, A, 3zhZhikiEs, /4 X v OH
DEATHITH B, BB, /A XOHSETIIILVE >
VyOTNVTYXA[BJICLDHEL .

J IV—ALTOEIITA—F y; BRI EEDT 4
NV IR,

K; =V, HT(HV; a2 F T 4 Ay) ™

8515 = 85151 + K;(y; — Hsj5-1)

Vi, = I = K;H)Vjlj—1
THEzenB, KN A THD, Ay 3/
A X w ORGBEITITH 5,

j+1 7V —ATEABEISTEE, kK 7V —A
SEOIREE TR

Sitkl; = FSjrr—11;

Vigns = FVianoap B+ GAG T

wEhE5zons, ZOLEEHITA-FDOTH
fiEi,

Yivkl; = Hsjvr;

TH 2605,
(ERR 9% 8 B 22 @3, 1042 A 10 HEXM)

2017

NI | -El ectronic Library Service



Institute of Electronics, Infornmation, and Conmunication Engi neers

BT EERAEREF R '98/9 Vol. J81-D-1I No.9

XHB £FA

FIHEBA - L BRE. FIRAKE
REARFMAMIPELERT. RBE,
(#R) F Lo AR, EFPREBESETO
PRIz i,

R B

FIHEX - LT - BHHRE. FIRAKE
REARFZTRHIEELRET. RE,
BEv4z7uzvz buo=s 2 (%) A,
HFEPIZ, BHEHERLES L UHiE&ET
BT 2 SRR RS,

W& IEf§ (EA)

FE 48 ALK - I - $l8%, B0 ETK
REFRELTRET. WE, EEWAF. 8
W&EOE, 22—V a v EORE
ZHE, 12 H+ YEVHTRSESE
BUfRE. He2BLAEemMAR2E, ¥
4 XD FRATERERTEREE, 18,
ERES S, IEEE&2A8,

2018

NI | -El ectronic Library Service



