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3D Human Motion Synthesis based on Nonlinear Manifold Learning

WANG Yujie, XIAO Jun, WEI Baogang
(Institute of Artificial Intelligence, College of Computer Science and Technology, Zhejiang University, Hangzhou 310027 )

Abstract Due to the popularity of optical motion capture system, more realistic human motion data can be acquired easily
and widely used in various applications such as video games, animation films, sports simulation and virtual reality. This
paper proposes a framework and algorithm for 3D human motion synthesis based on nonlinear manifold learning. In this
framework , high-dimensional motion samples are mapped into low-dimensional manifold, with nonlinear dimensionality
reduction method, to the intrinsic representation of motion semantic features. Furthermore, the sample which is generated
by user interactions in low-dimensional manifold can be reconstructed to obtain a 3D motion sequence which owns a new
motion semantic feature by reverse mapping. The experimental results show that the method proposed in this paper can not
only precisely control the physical features of motions ( such as the location of a specific joint), but also can be used to
synthesize new motion data which owns abstract motion semantic, such as motion styles.
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Fig. 1 Human skeleton model

B NARIZ B Bt m 0 7 B O ) 5CR B AS

B NARLEH ), 0T T B~ AR KRR
m= {F(1),F(2), ,F(t), F(n)}{ (1)
F(t)= {T(t) ,R (1), R (1)} (2)
Hop F (1) J2 38 g 80 m P93 ¢ i, 7 (o) SR AR Y
SR Kl R, (0) 2 5CT d d A5 ¢ TP A e e



938 rp ] 4 DR 25 i

515 &

VNP N S PSS It g =

AL BRI, 45 M4 IR BR B SRR AR P B —
Boe % i iz 3h A W15 4K 5 8 ) 8 (time
warping) J7 ¥ JH 8B B 2 18] B9 BT — B, IR AR
TUEAZ BB B K A TR o 32 2 Bl & Ak U BT
A 38 Bl BOE IR AR A1 I B 25 6] P B R IR
KA

2 EBHEXNSHZTEEE

BT 3 4 ARz 3 B 43 A 1 o 42 ] Hh 25 4
2R AEL M TIE b, R 5L T R b6 32 B B ik 17
AR JRFEIZ A8 o3 AT b B S kAR A5 R H R
ENIZ B ik UM B R E , R 2 80% WG AR i2 3 8L
i #T LA 3 — SR 4 (42 Bl i XS BORFIT IS
TR GRG0 Bk BR 2R Y A9 iz h BdlE , AR B Ay
AR S0 AE T B IR A0 4 B R v B, D vl DL 2 4 i X
SRS H AT R IR A G s 1 a0 A TR T IR
I AR B R 1) X — KA iz 8, th T
B b RT LA Sy AR B R AE 2 T AU H bR i 2 [a] Ak
b, LT LU 3 432 8h il S 80k R HoAR i FE
fiE. T H MWz s 4 55 M B R E W IE A
BEE o — R AR R AT B L X S 2 s i SRR
TIE 14 8 2500

R TR BUR ASER 2 R4k mIE LR 3 4k Nikiz
il LS H S ], A] DL 25 R 45 A e R 4 s
4 ISOMAP \LLE \LE & LPP 2" | (HEh % &
ES| NI YN NP - = 01 0 W 0o | RS R e
(), BAEFEATAE T8 L2800t i 75 2% 18 312 2 i
AL B4 R R v, R AT SR ) ISOMAP 5 g 28 4o

A
y

-} J

we

PR FR Y 3 e N AK iz Bl a0 we G 2R 4k i E | LAY
AR I8 Bl XSRS ), RPN E .

1) el AL N A KN L3 48N
RZ BB MR I 3 x 16 x L 4 &, /5 R
ISOMAP 57k (i AR 48 X, o 16 A SO R
FANEE IR R S G B X EREA
3 A TE e B

2) THE R AR B 1 R R B R R R ROk T A
P X hdg — X886 5 x, L x, Z IR R Dy (x,,
x;) A PR 7 AT R T BCE A x, 1 Ry S 48 ek
N, N, =1x;| D, (i) <el ,s# N, BUIHE & x, (89 k
AR . FEANE BRI Dy (x,,x,) BF, B iZ K
AR SR R 2 I DG i B BN TR i AL BE
B AR A5 Y G R A A R

3) A M 2 BE B R E R B A M, D
Ja FR A0 S8 1 B R A T I K G(V =X,
E) ,HH E Fy(x,,x;) ,x, e N, Ja# B BEHE & Z 6]
MR DL D (i,g) BIVIC ) B S5 08 I 428 ok 3l L 3R
NG I I b 2 B M e (i) o

4) J 1 MDS SR i 50hE 1) d AR 4RI A,
RBP4 3] bRz sh A AR 1 k4t iz 3h ik X S8 1),

B2 25 TR A RSB 9 ANHMGE sh A A
B3 2 i B, B 2(a) 2k 9 ARG
BUZ )75, pi 1 ~9 RRINEGE 3 h A7 33k 1 5
i, W 2(b) KR is s FE A 40t ISOMAP 55
S R AR TRIE B oA B 2 (c) RIWZ %
Het FRAE 2 AE WY bk ol X R A i shRE AR HEAT AR 4F
L ZRR (A &, UGz ) i B A 3 4EASE 15
NSH X R T T B, O g ) 2 4
TE AT BT ) o BLAb , 38 AT DL A BIK 4k i3 3h il X S

0.35
0.30
0.25
o E 0.20
0.15

0.10

0.05

o 0 e &>

(a) JEUIRHTURIZ 3 5 51

(b) &4y e 53 1

4 5
ISOMAPHEE
(c) BE4EiR%

B2 R4EIE 3R XS 807 A &

Fig.2 Low-dimensional motion semantic parameter space
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Fig.3 Intensive sample and construction of motion semantic parameters space
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