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Development of Human Dance Motions Seamless Synthesis
System

Abstract

Folk dance is an important part of the "non-language and non-literal culture", which
compared with performing dance (ballroom dancing, tap dance, etc.), folk dance has more
cultural connotation. With the strengthening of the protection of intangible cultural heritage,
like "The Chinese Folk Dances", text and video forms of cultural protection has done a lot of
work. But this kind of records can’t achieve the three-dimensional visualization, and video
record has to keep redundant information like acting environment. With motion capture
technology, we can record folk dances in the skeletal animation form, then we can achieve
multi-angle visualization and more interactivity. And the data can be used in anywhere and
any number of times. In this paper, the motion capture technique was used to record the folk
dance in author’s practice. And a Motion Player was developed for visualizing.

With the motion data increasing, the data storage costs will rise, and the retrieval efficiency
will decrease, we need to compress the data in order to solve these problems. According to the
characteristics of the motion, we come up with a two-level quaternion interpolation algorithm,
which improved the compression ratio to 4:1 in temporal. Then we quantized the remaining
floating-points, and the compression ratio increased to 8: 1.

Motion capture data is typically used in film industry, television, animation, video games
and other cultural and entertainment industries. This paper has done some meaningful
exploration in data-based choreography. A motion segment can transition to another one

smoothly.

Key Words: Folk Dance; Motion Capture; Data Compression; Motion Synthesis
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RS SR BAKIC s A B RR PR, DR HEBR 0 SUME 55 11 D B RStk . AR5t 20
HRR SR 7 U H B A A sREE, bR Rid sk, AR AR, #ili
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WA, B BIASIR A A, m BARSUH ORAF 7 AR E 7 55U R s S
FEASA R S TR AR B =, Al AR = ETHIAR DL, DAL, 12 FaEshifi gREAR BLg
it sl ) D e B R SR 2 (B AR R I

BB IR A ORI %, ST A7l A BT, AR RCR TR R AL, iy HLAE S8
B =, A0 RS TR FAAT (0 QQ I SRR, i 3 A (1 SRR B O AN TR AR
(RIS IS, (ELE 28 AL A, £ DRAIE— R AU g 32 1% (R0 IR 75 2% i (14 S0k 2 S0 /D e
RIS, O S A AT T 4 A A ) o

PERECE R BONE R I NARIZ S, AL 2R H N AR SR g HE T o SERE R LA
i H A2 DR R EARSHE, IO F N ESRE S, M B AR A, pleAs . 4
SRR TS Sh 1 BAK 1 3k B s sh B s AT 8, WARE 7 EAR K AR 1L
Feo e tFSENLBEAT ) B AL B, ARJR R R SVP AL N, XM R T 20
BE 115 PR HICKS 25l KURS (10 SRR E AT S, A 1 BIPRERSIR], PR 7 BIECA. 3 7 it
LI B, AT AR B ZEARSHUE, MRS HRE AT 2
B Rt g HE o

1.2 AT

(1) #AERE RIR A Bt FALR 2 5 TR 27 B sh 1R 4l 4 52 56 = 10 A s sl 31 &
i, KT BRIGRTEREIZEN, W REERE 1038 B 1 R AT B A

(2) JFk—#FT OpenGL A1 Qt FIBI1FEIEIAS, AEWSHRK ASE. BVH. TRC %53
fF, BEWS RO A R, FTRLPRS . Aokt I g, DhResEH], FmsEM .

(3) Jk4i ASE SUAFH ¥ R 8, AT RESR My IR 4A L .

(4) EEMBIRREE B SRR BRI, B R PR s sl R
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2.1 BREBHHEREARICRREERFIENE X

A H RO SRR A AR B SR S, (PR IR R TR SRR AR AR VRIS T
H RO R (R SR FEAS A, (HSC B S IE 7 AP E A R R ANRE
SSICAZ A IS H . SIARSIA SRR ZAR MR R B i mT & S m] w2,
TRAFI B A BRZ - BIZ0E . A0 WS SO SR AR i B T iE FE B iR B R 15
B 1) = o 5 B A5 B8 05 AR A b R R T A o, NN BRI STA [ R AP R4 AR 1R KA
H, i HEBIRKMIFEAME. Disney i N Pixar, DreamWorks %5 %144 3 i) il /E 2 7]
Bl AR K E Iz A2 T shEaE 24, 1w e E 120 5 K e L
HHE, AR RN B 50 . HAR R H B2 s 1
FARE H AL GRS G AT N AR, HRRT ZRMEES REmTE) @,

2.2 BIRGEHBIERELE

BB PR RE W R B IZ B OG0 TR AL, A il 8 ORI N AR B, SCHR[S)
XIS SR B A MM AE 1 RN 4. KIERRZR T ENR 2 S TR B
2012 R 7 — e A B s R B %, SRR MRS IR AL TR . R
FR A D B RIR A A R T R, AR TR RIR SR s R R e . WS
12 G183 IR R G SE a4 T — B 1000 Wi A A5 (1 RO SEER 0, 1 2.1 A 134
Fe F B — ISR S« AESEBRERAF I R R B Sl R g H B BBk, J0H
FEXt T ARE s R . TR BB AR U, 7 EEAER € 1 PRI R 55 1] A
BEATHRAE, R SRR IR . FEAHAC SRR IS B RO i, R W SRER S A N 2ok
S ERZEAARC AR, IXARZARC RO VA 2, 25 5 I A A B R AR R
KRR, 10 H AT B TCiRA5 B IE A (M2 sh Bt . U0 R = O AN IZ Bl B8 AR B
T RRTERRIE, S At S St 2, B 2.1 B9 b T (8] AR T H Y
SN o AE LRSI 2 rh il W 2k 183 AR AR M VR IS B R R 4t R (il
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3 FIEBIERELE

3.1 BUIRELRIENX

a7 BROR A, A T 4wt A2 Y BE A (1045 8 AR IE RIS J2. 0N A7 i T e 2214
N8 B I 4 73 A AR S A AJC B R 4 PR, o IR 4 Je 5 2 (115 S AT R A5 /2 58
S8, APURLEE R RIRE BARE BA —ERRE, [EARIERZA/L A B VFIITE
EIN . iR AR O 2 AR . shll, WS R, A A
RYEMA RS (BTMIE) « SRR (ThREERM) 3D ik (farHme) 5. FEERL
PEREEA I AR, BT B RR AR 6 22 (1 508l LU S 4 b AT 4 i B4, DRI 2E
f i B IE S BRI, AT A A, SR RACR, e sh Bl BT k4
WAL E . HT BB LM AR, RZHARITIGER T & B, R
R/ T 28 A R 1] 5-H 52 1 T R L Y EE 2 TR 3R

3.2 EFEHIENRT

RN B0 5 B4 S T S R B S . R s shim LR G A R (L 3.1), 2
NS S A AR A R (5 2 2 554 R 7R T T B0 R s T T 3h i R
TR = YEAARR, BT DLIs 18 30 3R 1 4 R AR 1) sh A e F & B s 1 T UK s A H

Head
eck
RShould LShould
REIbow LEbow
Root
mmmi LHand
RHip LHip
REKnec¥ * LKnee
RAnkle ¢ & LAnkle
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FEFA . 3.1 WNEAAEEHE TR BRBLA MDY cH, MR BAR B 7 SR IEHEA ]
MR TT 3o A SCNECE 1 A7 it 2 1) R (B D 3 5 E W 7 T 25 i€, KM ASE SCFIRAF
fikg 2, BADYSeA i SR e d% .

231 HBBE. RO DU EHC A A

VAL VE ST | /52 Hi R R I
BeMA bR 2 ] Jigde 1 AL ANAf L ANTT A
Jiet 1) & AL, — A Y o ANTT LA AL, — AR LA R
18
Eitlcl ANH] A AL, HE 1B ) A LA
mE AP
170 ] FE 9 A FE 3 A FE AN
ME— o8 — N7 hL & A, BLFEZAN REWRANNGHER
R 7] AR IR N i R A E DA
[f]—AJ5 L
AT A RE AR T & 75 2

ASE %3072 3D Studio Max HJJRAE AN, FEH =086 SHER,
Tk (Mo, FREER (Z4emERAD o BREEER HORE R B B I e,
PR s R AR S AL B AT B B P2 . B 3.2 H1 ) CONTROL_POS_TRACK
s R4 #, CONTROL_ROT_TRACK & efEHdE, X7 ot 2 77 2 R 4 I &R

*CONTROL_POS_TRACK {
*CONTROL_POS_SAMPLE O 0.000000 -0.000000 1.689953
*CONTROL_POS_SAMPLE 160 0.000155 0.000375 1.689859
*CONTROL_POS_SAMPLE 320 0.000320 0.000774 1.689761
*CONTROL_POS_SAMPLE 480 0.000495 0.001194 1.689659
_ *CONTROL POS SAMPLE 640 0.000676 0.001633 1.689553
*CONTROL_ROT_TRACK {
*CONTROL_ROT SAMPLEO  0.20537 0.96570 -0.15890 3.27600
*CONTROL_ROT_QUATERNION 0 w=-0.067154 (0.204906 0.963519 -0.158543)
*CONTROL_ROT_SAMPLE 160 -0.01116 -0.03071 -0.99947 0.00025
*CONTROL_ROT_QUATERNION 160 w=1.000000 (-0.000001 -0.000004 -0.000123)
*CONTROL_ROT_SAMPLE 320 0.01186 0.03444 0.99934 0.00064
*CONTROL_ROT_QUATERNION 320 w=1.000000 (0.000004 0.000011 0.000320)
*CONTROL_ROT_SAMPLE 480 0.02990 0.06458 0.99746 0.00002

*CONTROL_ROT_QUATERNION 480 w=1.000000 (0.000000 0.000001 0.000012)
*CONTROL_ROT_SAMPLE 640 0.01179 0.03536 0.99931 0.00036
*CONTROL_ROT_QUATERNION 640 w=1.000000 (0.000002 0.000006 0.000179)
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3.3 MTHHYESs

TEFRE L) =X BV e, me T 1843 4K T MUk, HoE L E
Wow+xi+yj+zk B%G i j, kg 2=j2=Kk*=-1, ij=-ji=k, jk=-kj=1i, ik=-ki=
-, PUTEEE w, x, v, 2 WUANE, R w + X2+ )2+ 22 =1 AP eEmT LA
RFKoR = A R ey . DUonEk e MIBRRL A . BhA Xt BEREFEREAN B He, B A
FEFE AR R I 23 38 21 5 ) B KD 1) R, e e o B 75 AR A O NV B, o IR AR 2 1A K
%, MHAXN AR TG, ArCA oo LR AR i e i 32 7 e DU a3 e 4 77 v
FEREE, w AT XV cHFEE B 5 A Spherical Linear Quaternion Interpolation(®-]
A1 Spherical and Quadrangle!'®, T ZEFFANE L@ T M ABIELER RG L, mikEKE
7 BE PO I b 3 N A 3 P AR A, 8 SR LU Slerp,  Catmull-Rom, Squad 254N A4
B, H Squad FAE I JF (1) DU o8 SE RS i

BEHBHEAH n W, X n WU ITCEBFIIAN qor q1s g qny BEAE qi M gier Z TEHEAH
2T E AR s 52, HETN AKX 31 FA3.2.

-1 -1

5, = exp(— l0g(4;.19; )Zlog(%_lq,» ))qi (3.1)
log(q..,q.., ") +log(q.q,.,”"

5., = exp(— 084,128 )4 0844 ))q,~+1 (3.2)

A VIRESE, WAl AR 8 A RS 38 03 K o de, 300 iR AR Ak P 4k (B SR O
A7 VAR S B FOR RO . BRI, 2 6 MLl ARy 4 U mior e , A
4 (B DR BE R Rt (& 3.3 55 147D $lEAS 2 M hsom 2 iAo (18 3.3 28
2470, WRJE HEX LR (E A3 2] Moy s Bl (B 3.3 58 3 47) » AR R 1 EOR
FITA X3, 368 o 4 3 T 1 ot A A e AT — o IR
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3.4 HENSTNFERFIE

Voot EME e AR 22, iR B, SEAEER il ) R 5 R0t 2 I
WIRFTILEE R A AR, g2, ATl s s 7R B iR % . ST T
Cyclic Coordinate Descent, Jacobian Inverse, BFGS X =#i¥i[a]iz 82~ J7i%k. CCD JiFH
] B Ty SEI, AR CCD 7V RHFr I . CCD M IE 1 J B 2 JE A 150 22 ) R g 15 1
YEJ9400 i (B 3.4 Hil A 1O, R iR A PTER A BAE N H iRl (B 3.4 11 B 1D,
5T/ C # 2 CA, CB, fEBIM&EGRTHEH CA, CB ZEKIRM 0, &8
B XA EHERT CA, CB Il n, HARX 3.3 MiEH — MR EER T
Quat.

Quat[x,y,z,w]=[n.x*sin(8/2),n.y *sin(8/2),n.z *sin(d/2),cos(8/2)] (3.3)

BT /L C e WU e kon Qe A28 O W LLEE 23 3.4 1154 5], FH
TR AR R A RN E)E, Kins A BERE 7 Hbs A B.

Q. = QuatxQ, (3.4)

EEH T C4,CB 1% n

HAx s B

META A

Kl 3.4 COD HriEn= Bl

K 3. 5 52 M B I O AT AL E RO IR A2, WTRLFE H CCD & —NninE it H br s
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PSR T A TS DR B I SR AT R A i ) 7 L, P = O 2 F X X 2 I 8 P A i A
SAEL, A5 2R AR I A S i R, 0 R = R A L A5 38 0 oA g s B DY e A0 B ) 1
SRS B 0 A i S AN 1A 1R AR S i, IR VR A RTAT ) . BEVEREMZ, 8% CCD
9 12 AR 1 AR AR ), (BRI AR REAE R i Y RUE B Hbr il EARR
S T R AR S B JEOR AL L, DR i, 2B MR T s 38 AR S ) Iy 3 5 R
[FR

3.5 ZHmENESE

—4Em EAE ASE SIHBEAMANE X, — AR SR AR R T B = 4E AR
o A= PMERBREBIFEE, NERIEN =4E75 0] F AR RS AE A& BT
&=, i (B #A R sm P TR AR DM, R mT DR FIRE I VR 48, G IUA X 7.

3.5.1 Z#EEHE

U R EHE R AR AT R w5, BT A 10 = 4 1) B A A BRI = 4 s R B 4T
L . N TR TURMEEE B, EARM Ik AR BE SR, 340 5 ) IRt 5 ot P
FEFAEE, BEARENERENEYE, wRELITER, HESRLE 35, —%
22 R, oh— Sk Hh & R AdE 15 2 M HUk -
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HEFA LB Ve (E . 2l E, Hrp =R U8RI = e 26 I BOE &
PERRIE ZNIX B A ) = 4E il 22

3.5. 2 EWMA R

F 53434 (principle component analysis) X AR L0004, & — Mo, fitbEdE
LIER, 28 H TR BARERNY4EE, REIKH E 8, 2RI . RN =
Y ) AP A B 2 — S 4R R, T R DL 3 R 4R, i oo, Kb
TR L4 AT LLE B R Aa 1 H o e 28 10 R AR T 204 22 (8] R AH SR A0 SCAT R DS,
PEERIE AN &AW KU AR MR, FEu kIR AE A . SCiR[14]3 tH His 8 4>
FIRITER KB R Z B Tiash, UG, )5 H PCA K48, (HAESER
18 B XA B R 4 ROR AN

3.5.3 FRHMEN

VU JCHORT = 2 [ B 0 A2 P 32 35 s Bt (B e 3 R 7 BR s i
ERGEE, XPIE DL N R DA EBE—ER 0 AE B, AR 32 AN HURA LA I 55 3 16
AN ECRFAL A, XA R A, BTG T4 E T 1 S, AHE R T 1
(T B RT DUB B ESGER 0 FUVINEGER 23 43 9, RO /NEGH oy JiAk . BALBES 3= 1 5 1R
Y5tk . Algorithm3.1 s E AL FVE O AAY .

Algorithm3.1: floating-point quantization
Input: floating-point x

Output: unsigned short result res

1. n=static cast<int>(x*32768)

2. n=n+32768

3. res=n & 65535

4

. return res
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4 SEERBUIRRVATILIL

DEREECHE (1 AT LA AL T8RSk S B0 ) e e Bt AT A B e sl = e 1) 5 0, AR
JAiEE OpenGL. DirectX “E£: il ok, IXFEHUAEIR EU L2 My BEHOW SR SR BN 1F . A
F AR R B B2 — 2D

4.1 HHEZHHEFUER
TRAFAE ASE SCPF AP R E R 450 . IR s AP R 2, IRAE X 285 B T BLUH 5
RS ST R AR T S AR R 28R B = 4E AR AR

4.1.1 HERR HRRITALIE

ASE SCAEH S 1 Ml e e i 0HE A2 AE 6 ALY SO e RE , 56 2 MR 2 n i) e
B D) ARG T A — WU %, it DA R R 5 2 A8 58 n ot ) B0 e 8 PR X T AT R
Algorithm4.1 & E ¥ e 4  5Hk

Algorithm4.1: data convert

Input: frame num nFrameNum, quaternions rot
Output: quaternions rot

1. for i less than nFrameNum do

2. rot[i] = rot[i-1]*rot[{]

3. end for

4.1.2 HELHETHENFERRIEME
W MET A POS_SAMPLE ##s, EI-FREEdE, A4 POS_SAMPLE %i#E Rl A

RN R, WP REEEN x, y, 2 IR A KRG AT R AT AR RERE T

1 00 x
010
T, = Y
001 z
0001

(4.1)

WHRE A POS_SAMPLE #¥s, Uil P2 — BHARFEARR, Al UARYE ST i
HHEE R E, AR 42 REMNZEFHTHILR.

T*TM_QUATERNION

HAN 42 53~ 4.3,

*TM_POS___ =TM POS,., (4.2)

parent parent

~10-
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T=TM_POS,;,*[TM_QUATERNION . *TM_POS . T' (4. 3)

N A43 RET RN, HEFEFERZER T -
1 0 0 0] [TM ROW,[0][0] T™M ROW,[0][1] TM ROW,[0][2] 0
- 0 1 0 0| TMROW[I]0] T™M ROW[I][1] TM ROW[1](2] 0
a 0 0 1 0| |TM_ROW]2]0] TM ROW[2][1] TM ROW[2][2] 0
TM POS[0]TM_POS[1]TM POS[2]1 | | TM_ ROW,[3][0] TM_ROW,[3][1] TM ROW,[3][2] 1

TM_ROW, NAZHi miff) TM_ROW FEFE. WIRFHFEAFRE T HFE, KHFLERIT],
XEEF B TR R T RS Tl (5 5, O TR EN T M et 28 N
A e, BPKE T HRERT —=AT A =50 BN AR R

4.1.3 WEZRT SR ERE XEFF

P 3 2 HT T R IR L AR P, B DY e BB e e B T ACRIAT, i AT RO e
HHE, WU R TM_QUATERNION RE . WU nENx, v, z, w, Wik
TR FEFERE Ry LA 5K 4.4

1-(2y*+22°)  2xy-2wz 2xz+2wy 0

R - 2xy+2wz  1-(2x° +22%) 2yz:2wx2 0 (4. 4)
2xz —2wy 2yz+2wz I-2y"+2x") 0
0 0 0 1

4.1. 4 WWHEIHET SR =4t F AR

TR B S BT S PR R T R RS AR R Ry, T A0 Ry 5O B R VA AT DK
P B AR B2 G AE R — AN HERE T, 753 00 B P e 3R AR 9 s 31 24 11515 AU AT R
TP Mparent> 5 AT DATS B 24 51 (1) = 4t FLARBRAERE M, LA 4.5,

{M (T *R ) (i > 0)

parent

T*R 1=0
0 0

M =

1

(4.5)

&
=
>
=
B
(@)
an
i
LIk
=k

T S =4t FLARER pos, pos H x, vy, z =N ERIK.

pos=M,*[0 0 0 1] (4. 6)

—11-
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4.2 FERIELE

THEH T A R =4 AR S, AT LA OpenGL 53 DirectX ¥ = 4EAA TR
RN B B 2 ok, BITA B ot B [8] P sl st AR 21 T AR iz sh i shm . (R 2T
OpenGL 1 Qt H & T —#iz &2 “Motion Player” , BEWH%L ASE, BVH, TRC
G, B 41 REFRESR .

OFFSET: 0 0 0 OFFSET: 0 0 0 Frame: 671 Frame: 0|

/& 4.1 Motion Player &= %41f

4.2.1 Motion Player

Motion Player Ll e /e R4 AF & 75 PR A B0 5 4 A5 7 A SR B 2 ) I FE AR PP, AR
KPR TR RIS ARH L

Motion Player B 7E [7]— 3 55 o [R]I FE T80 AN [ BOAS [ 0 R, 3 T3 R 2Z M1
ZH, WK 4.2,

K42 R RPHM IR A, B

—12—
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TR FHIAT N A 0 = A2 BER A 73 3 RO T RGBT T K)o

WA W, A, S, DR BUEHIEENL, BT UP #A DOWN 4
AL B R R L

A, B AR RS DL I R X 5, DU 23 il #E4T 41

WAL T, K, L8R DRFR ki 5.

FEA ) N BEERT DAY B0 s 77 20, Motion Player ¥ B 1 AR AN =4k sl A 2
AT ZYER IR T AR TR S

~13—
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5 BIREHBIRRITEER

FESEBRR 2, AEAE R B sh B S 2 e e s B BRI
L Fr BUERRAE — S, BEIEEISAAR, XN TSR EER AP B EHA—
AR B Ak B 1a) B IS BT AR I NARIZ B o SREEE BRI I A A R B AL
PRI AR IR T — A2 B ES RS, H Al DUEROR 28 7 Bt
—ike, HRCHHIENERFS, AR RiE. HCITESREE g HE I, T DUAE /B R 2
T s B, AMBUCSREE I A BORL &, ARF AT SR8 2R D5 1 8. A
FNIS Bl E AE 5 G X T R SHE SRR I S N E %

5.1 BEIfAE

e B st & i E 2R, 1834 (2 R f 08 2 A o 1l 5 I v B
(LB 5.1 5 AEXFETE AN B AR S 2R thln v B A 2B izsl, BB
UL IEE), E AR I AT K R B A BkER, BB &ML, I
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