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Springs and dampers are used in various mechanisms. In addition, spring and damper models are
used for many purpose such as representation of flexibleness of bodies of creatures and plants; and
PD-control for character motion generation.

Spring and damper models can be implemented by adding forces which are proportlona.l to the
‘expansions and the differences of velocities. However, systems diverge without careful tuning of
spring and damper coefficient.and time-steps, because of errors from time discretization and explicit
integration.

We propose a fast and stable simulation method, which formulates all constraints as LCP by
adding equations of spring damper models in implicit integration as constraints besides constraints
for normal forces, friction forces and joints and solves LCP with an iterative method.

1.2 NX - AUNEFIVDES
NREZ L, EMRTE, HOY AR gy

1 li Colic
1.1 U721 LBSEE S aL— 3>

OIS X 2 L— 3 Vi, PEOERE)
TIVIEBRYTBDT, 7=A— 3 VOl Zic
AvnbenTEiY) . EmltkstE#E GPUIERL
UTPNVEALID FS5T 4y I ABN—=F ¥ LU 7
VF 4 RF—LICAVSNB &S Ickhb L, Wl
2al—=vayrEUTIVEALLIKITY, N—F vl
HROYHEDER I 21— a Y TERT BT
L2 3 MTbhaE Sk, UTIVEL L
IYIVELTERLDDHZ L Y.

RRT7HETETELHBICAVENTVS. R—
FoVERTIR, ERHFRTONXLYRICMET,
BB - NEDKOREER XA v FRRE
T EOBENROBE ERBT B1HIch, NE -
AURETFVIBEVLENG.

iz, =Lk EDON—F v )VEEOYHERET IV
T, BICYERERNCHES 1213 T, YtkofiE -
BEEHELUI2DGEND B, xS, F¥52
Z2DED &K S ITEEIEIWTEL EEERT 5
febicld, MEDOMBEREEZRET ILENSH S
ZOLE, MEONE - BBEEBRELTLES
L, oYL B UIZB SR ENNERT TGS



2, HAKSCEEER Lixd ko TLEY, il
VI al—¥a rEankYHEIcH L TREREENE
EBEoTLES. ZTT, A%« XVREFVEH
WTHHADALE ﬁ%&&ﬁ?é;a( PDﬂ@)
BLIELIETbNS. e .
1.3 BEGNARLVINEFIL

NREVRETFIVI, MEEEBEICHR L%

ey

MRBCLTYIal—YarTERN, COFE

T, iR (Explicit Integration) ic K 588D
HET, YIal—Y 3 rOBERETSNEL
Uiz, NSREE, oM RE (o8
BlRBLTLEY, ﬁwﬁz-ﬁymu%ﬁﬁ%
0, :

AHFETIE, A*ﬁ/“%r»k&%ﬁ%&ﬁﬁ
43 (Implicit Integration) Ic & - TR B K Z RS
reEZ, BhoOWREGLHDET, BUIELE
HIc k3 LCP )20 e P S THRT LT, }\*
&/MﬁﬁZ/\JU—/a/Gﬁ@ﬂﬁﬁk%&
BATLEERY IaL—Y 3 VERFS '

2 ROBSR

2.1 BH¥EYIal—vav

kOB, WHKICH < AASREAUE, EBS
EROBERE LT Ial—a VT, BN
NRRITE BN, BEEEHEE, BOHRMEDAIE -

HEIC ko THRE B HRBEAETRES. L

U, HiA08 LSS SR kOB R
SHNCHRT BN AR &, TOMTEEL,
ﬁﬁ@%ﬁ&ﬁt?&v&tttf%zeh e
ICIERE B3V, '

Baraff 5 1) 13, FUMGMHLESHERRETE

+ LCP(Linear Complementaly Problem) IZJf##5 &
TR BTHRNZRD B FERZANTT = A—
2 avRERL TV, MHREAIEMOBICECT
RITMER B 1D, 1< SADUHEDER UGS
KM LCP. RS BREND B, ©) i3, IR Y
A FNVEL NSRBI & - TELRZRDZF
EEACTEEESSVERICEREIC I 2 L—
vaveBFEERELTVS.
2.2 NXEVRETIV

‘Anitescu 5 7 1, #%3BH#S (Implicit Integra-
tion) IZ K B73% « H 2TV EEMIREEO
HIO s & L RRICHERR R & L CGEITE ¥, LCP
(Linear complementary problem) IC/F&E ¥ 5F

EERREL, COFESYIaL—¥ 3 VOrREA
AR EL (10Hz-60Hz) o 7B EICE, N7 X
/M%Tw%ﬁﬁk/\ab—va/fz6ut%

szTwé

BT A@mms7>oﬁ§&mu P

O RS X OB B R ) R R L

BEICEH, BHICRERYIal—YaryERERT
BZFEERBRU, N—F v )VEHFO A& Z E
DOEFRREICY I aL— 3 B Tb0yEy
al—2REETS.
2.3 *v77&®ﬁ*®$ﬁ

TNET, A—%vwﬁﬁ®¢OAﬁ%ﬂ%kwo

L RFYSUEZOBER, E—YayF—RXDFET

TN NS, Mk B IBEEEDR
FSBEDER D REL B0 TV 3.
Zordan 5 8) 1%, WY I al—varEnkA

BETNVRE—Ya YT RITERERBTET,

BRI LT BER LR T 5 T L 218

BUTWVS. COFETIE, Mgy ©PD Ha%

To T3, BEEHIEREZRET 5Tzl
% OFIRERFESBEL D, YT VEA LIKEEH

:@t&mg

EANIG 9 i3, Btk BEIC SR AT IV
EOARMATHBEL, 7AE—RFr 55 52—
DEERY TIVRA LICERT 2T LBREREL, #
iz ZOREEERICVNE, FYTIRE—VS

 UERBRICERLTVS. L LT OFETE, o

RS (Explicit Integration) IC & BFREDW, &
EEYIal—va RERTBRHiciE, ¥Ia
L= 3 > ORE%IFZ%ET2/vE < (300Hz-10kHz)
THRENH Y, BARESHZDOHERNS k&
3L, NRZVIMEEREEREIBILENDHS.
BT5 10 1) 13, £—var7—=4h5EEm#
B LT DEFICRER MV ERD, NEERL
25 ATV BT 3 XS MEEEELEE
BT ET, UTVEAL LIRS EERT 5Fik
ZRELTVS. CTOFETIE, RELICREND
MBI, EFVICEE LB REDORIRE & D
BIEDPREL LS.
3 ﬁh%9\1b—va/®¥§
BT, BIEN, B, TLTRR-HNIcko
THIREZT BBHROBN%Y I aL—a Y DF
FHEICOVTHBRRS. T, 3.1HicBVTHIHA



DHIFGES) % LCP ITIRE 3 5 AEIC DV THIBIC
B, R 32T, TOREMICIAR » F23D
WREMBANBFHEEBNRS. < 3.3HTLCP
ZREICRL DORBBEICDONTIRNG, i,
Z OB BR R EEBZERT 5 - HIcRMN 4
MRDDTREDOREICOVTERT 5.

3.1 LCP\D@#H

BEgl t i BV BAIRONE, EEREDTEHE
ThEhopt), v(t) LB, BUKCIERT 3HkIE
EXMR e AFEERRICS T NS, SRy,
FICHEEIC L ZEMEOBERE R LB T B 1-HICAL,
R, EICBRRTORMERERT 5715
ICRHWS. CZTEHERMRB X UHEHEERRIC L -
THRENZEEEREZTh TN w,., w. £HL.
e, WIRT3HEN%E A, A EBL. TBE, T
NSRBI v aeTiERVT

we(t) = Je(t) () (1)
wl®)=LOv) (@)

LRDED. ¥, ThoRELHT

w=[Z:J’Jf[i:]1A=[i:]

L &EILT S,
%9, BEDEHIZ Newton-Euler DES 52
IKBEJEUTOLSIcsdhEh s,

Mu(t) = f(t) + I ()T \(2) (4

CTT MISEBIT, f(t) @SHE YA EE
BORY FLTHS. ,
—%, WREHRROL > ICRBE NS,

we(t) =0 ' (5)
we(t) >0, Ae(t) > 0, we(t)T Ae(t) =0 (6)

TR FMUCET 3 RES R, BBV T
TEEHPEOUDT L EERKT 3.

T, WAEYIal—va TR, BROHE
R (4) ZTTICA B H OBEET L OEHRIAE %
ERHE. COBZOLS KEHEERANSD, X
7z, HIROEOFNEVHIC L TEHANCEA AN
BZMEEST, ARV al—TarvoiEEsk
UREREAEEEENS.

LIFTIi ¢ 3L S hieRl e ZbT 0L L,
Bl t D% [t TRIET . AFHE TR I
BOTUTOFETES 21T,

1. #5H At OFFE ‘
2. HEOEH

o[t + 1] = oft] + M7I(FIE] + JRTAEDR (7)
3. (IEDOEH
plt + 1] = p[t] + v[t‘+ 1]k (8)

CCTChIEMP ATy I THB. FIE1IcHBNTE
B 2HEA Nt 13, X7 v 7 2(EEDES) OB
% A7 73 (WEBEDOEH) OBERHICIHBNT v[t+1]
DHREGEWIT XS5 1CRDB. Thbb, #HEK
S

welt + 1] =
welt+ 1] =

Jeltlolt + 1) 9)
Jeltllt + 1) (10)

eBIB. X (1) R @B) &b, WERAERDIEE

&, ROBIEHMHMERE (LCP) @B Ehs. -

We 1 e

o] =4 ]+ @

A=JtIM IR (12)

b= J[t]{v[t] + M7f[th) (13)
welt + 1] = (14)

weft+1] >0, AJft] > 0, 'wc[t+1]T/\c[t] =
(15)
RETIE, BROBEBRICTNR « X O%E %4
HANBFERBRS.
3.2 NX - HvnnEEk

AIEICRBEL I we, we ICMZ T, 28% « 28
MERT2EEEHE LT w, BEZS. w, lcDW

Tl & FARIC BT 3 AR T

ws(t) = Jo(t) v(t) (16)

LERDEB. i, ST BIRS O3F - H%
) B ETB. ET, AR AT B
BHIHA] & HEE L DRIGRIZ ‘
Aslt] = —Kgs[t + 1) — Dws[t + 1]

~ —K(gs[t] + ws[t + 1]h) — D[t + 1] (17)



LETB. TTT glt] IR L ISV B/ SRDENT
2EbT. &5, ERERDLSICEREThS.

wslt + 1] = —(D + Kh)~\[t] — (D + Kh)~1Kq,][t]
(18)
TTTHHT

We Je Ae
w= |w Jel s A= | X (19)
W, Js As

LRERTAL, HMMLARICLT

yJ=

We Ae
we| =A |Ae| +0 (20)
Wy As
A=JitIMJ[tTh (21)
b= J[t]{v[t] + M~ f[t]h} (22)

ri%. CTTR (20) et (18) #RAL, The
BIICHET B L

welt + 1] Ae[t]
welt+1]| =4 {Ac[t] +b (23)
0 Aslt]
0o o0 o
A= JHM IR+ [0 0 o
O O (D+Kh)!
(29)
0
b= Jt]{v[t] + ML flt]h} + [ 0
(D+Kh)"'Kg,
(25)

#1835, FR&ED, NEx - FMRIE, BEEHO
T ERATH « AR PV A b lc Ko TEBE NS
LCP it B 2 ERARL L TEMMICEETES
Tehahs.
3.3 REMEELMPBEDRE

AR « Yo FIVEEIC & B LCP DORIEFREICD
WTHINB. YT TREIERT [t) 13485, X
TITH A D El

A=L+D+U (26)

ZEZXB. TTT DR AONARSRIKEH
L7=ifafiTol, LBXUC U REFNFh ADT=AE
KU L=ABIEROTITHS.

k BHORBICHBIFZHEARI bV A B
. i, D BEDERE N LEL IR
P FIVETIE, TIDICHIHIME N 2RE L%, k
FHORBICBOTUTREHET 3.
iZBHOBD (i = 1,2,...,n DIF) IZDWVWTLUTD
2 REEHE:

i-1 n—1
AR+l _(2 LMt + 2 Uij X5 +8:)/Dis
=0 =i+l

(27)

MF o max(0, \+Y) © if n. < i < ne + 1, (28)

iZL, — RRAREEERT 3. £on,ne,ne i
ZFNFNN AN\ DEEBTH 5.

RAEOAET &ML UTid, FRAIDE(LE ||AF+! -
|| DEREDBELU TISET 30 ES5HhTHIET S
OWEETHB. TORFAIE LCP OFMK (4,0) B
KUFHRHE A 1S U TR BAREESIE RS, L
MUAEDDS, BH%yIal—y a3y TiREROH
RAFRICEWTREES (G TIRERERE) A
EHIT BT LIFEE LAV, ZORDY, KIEE
BeFoROONEICEERT A LNEASNS.
REEFEEET S L, BRICL->TEIHZBED
HREERPR U EEREEEITBYIA2C Lick
BN, BhE I al—YarTRLIELISHEX
h LEEN  FHERMENMBEENBZOT, TDLS
BEAEMELTVAEER 5.

—%, &/ EEREERTRIGIOL 2T,
A X0 i AN BISEWEICRET BT LN
YLV, BHEyIal—varikBhiohe
ERT B3, FEOWFRNEEORERE OFIHA
EICAWR T LHERICEZ SN S.

4 FHME
4.1 fEREEDOLEH

BRFHEIC LB/ HDEEL, HRFHEIC
KBEHCOWTTNSOREREHET 3. ZAiC
B AR XD (3T BEIR D FicH L, &’D
FOAE (=/\ZOZEM) 90° ZHEL Lizk D
BERS|% Fig. 1 1RT. HEhIEee [s], #idiRD 7
DfEE [rad] TH 5. I’ FOBE % 0.5[m], /O F



K=20,D=10

T Z £ £ 5 G 7 0 ] U]

K =200, D =100

Fig.1 Comparison between proposed method and
explicit method.
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Fig. 2 A model and generated moﬁon of upper
part of body.
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