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A New Method for Virtual Hand Interaction
Based on Non-linear Spring Model

LIU Xin, SUN Ji-zhou, LIU Yan, SUN Li-bo
( College of Computer Science and Technology, Tianjin University, Tianjin 300072 )

Abstract Interaction techniques based on virtual hand play an important role in applications such as human-computer
interaction and ergonomics test, etc. For the purpose of a naturally real-time interaction between virtual hand and virtual
objects, also for the purpose of the feedback force calculation, a new non-linear spring model is proposed. A hand model
with facility movement control and visually realistic appearance is established, the established hand model is the same as
real man hand in fingers degree of freedoms. We also presented the virtual hand movement control method which is based
on vector rotation. The simple spring model is improved and the grasping force is calculated with a non-linear spring model.

The non-linear spring model is expressed in a three-piecewise function. The results feedback to the users are in the form of

visual rendering a quantitative analysis is done on simulation rate which is fast enough for screen refresh rate and force

rendering rate. Experimental results show that virtual grasping can be executed naturally in real-time.

Keywords

1 3]

[

TEAL e AALAE B v, 32 2= (0 6 2 | B 55
B BB A, H A2 57 N8 i ASCAR g £ 745
FH P S e J B T R B P St i, S ok kR
I He It o F) 22 AR U SE B . G M 0L B S 4L
AWK, NHLAS T A T A R A 408, i T

ESWA  RENAE B F 5 H (06 YFGZGX06200 )

75 H #5 :2006-07-26 ; 25 [E] A #§ :2006-10-24

F—EEE X K982~ ) &,
4% E-mail : xliu330@ 126. com

virtual , reality , virtual , hand , collision , detection , data, glove , virtual , grasping

Ligis A B A R I RS, X
Fift 52 5.7 2 RE 8% fdlf 1T 7 0 00 PR 58 22 0] 2 B M
USRS |

TENS RE AU IR BE (9 52 1, 2 4 o RS 0 2%
BT S A RS R A SR S B AT
AHEAA IR 2 (8] (28 B AT LAy g LU 2 — 28
RIET TR RE R AT )y 2 i R A1
AT T A A JSAN [R] B il 4, 148 1T 5 B AN [R] A9 58 B4

H

2004 AR R H R 22 o p i, B KR AE 0 P8 2k . E2EBE 57 10 2 3 3l 4 3 L 0 10 5



55 3 3]

XA — b T AR 2k M AR R ) R

U T 38 BB T i 553

AT 55 5 o — 2 2 i L ) IS o g 00 T HIUH
IS 3 ik, BARIE T TR E R
HAE G i 22 1 7 AT B (AT R RESC B BLIE [ AR 1
WL A2 . T R AU BB ] LAl 55 b 003 5 P s 3
Yk = ) % 2B BLIE [ SR A8 L, PR T O 3 50T L A
R g NTFRUR 7 5, T8 S 3k B R g g
BREG B9 N T 1B 25 A2 3, T A5 2l 7 s 0L T
FUPE Hy BLSE N TFAE AL 10 B 37, LA A6 1 42
T A BB T 10 E09235 2y, 5 7E 82 37 p 40 T4 7
I, 5% 12 B4 ) 7 8 A 2052 PR A R

TE M AN 32 B op, $BO)7 3 7T LAy 3 T 0
S 2B PRI 77 0 R T Y R Oy i
o TR TR U IR R B0 R M R AT 2, 4R
J R 43 2 i S AR L 54 ATCIBRCSRE W {EL I b 7 vk B A
R A 1 R BRI BIVHTUR A B X A B 4 £ i e T
L T D) 2 A g s A ot B R 3 AT
BT, IR B0 0 K AT A B Ay 2R . A il
Ao S 57 ) B A B PR SR A g 400 T 5 A SR ep A
WA 22 ] B A8 L RE RS 77 A B M R AS AR . Tl
Ao i 527 A 4 A E AR et TR
SC B TR SR g R b, T L % L I
RGBT A

2 EMFEEMIZEEG

2.1 EMFIIUEE

1E LIAEAR 200158 AU 3 T 12 3 27 A, |l T
Z00E T AL, FUA B AT 3K A S ) R R
SE PR BRI DAL TR o 28R A A 2%, AU S
HAGEAHERR AL 22 325 0 AR SCR LS, T AP &
ANTFA B B Rz sh A BB (WL L (b)), v,
Thumb , Index ,Middle , Ring , Pinky 43 ¢ FE M 215 .
g AR FVING , TM ACR R AR SCTY , NCP U4}
5 OCTT TP AARAE v G5, DIP A48 ¢ 19, PIP A,
FHAR 45T ), [R5 i T Wb SRR, T A1 R
HRINR ] mesh A58 7 356 (AN 1 (a) TR ) , X BERE
e 76 R B A e L LR, ST LAl A AR
FLCIPE R ER, [R]NHEE H mesh THEHY 17 5 rh 44
AU AT Al 488 A DN 3 i felT T S B B e
2.2 EWMFEHFERE

HE AU TR R 2 AR S S N Tk &, B BE 2R
i3z 42 ) 5 2 (R SCBEER R B BN T
FI R RE BRI 4 AR BURRAE AR SO ST T B 26 A
JERA T 0B 0 Tz sh = AL (AN & 1 (b) iR ) L 1%
BB Z T 2R, Hoh, B 25 i 4 20 A

Middle

Ring l lndcx
mky

[0
Tl

DIP
Thumb

|
}IP

(b) TR Hpiny

é

(a) TAPULALRY

B 0T A
Fig. 1 Virtual hand models

S D FRENS 4D AME, FASNIZIA
3R A 3 ANBERE A MR A A R R R R A
s CHev, & A BEARR B A S 25 i Ak iy e f ) o
BATIEEY 4 A B B R 8 3 A an sl 2 B
AN, TAH 3 BUaR W, B BOA 1A S Ao B R
JUIF J2F (J3F, Hoxb e N F46 3 B iz 3, 58 i
FEI 1 BAE Wb A — DG At B TTA, N
FHMKGEs. K, FRRD i, A FoRME.

J3F

J2F

JIA J1F

K2 FHRAME
Fig. 2 DOF of one finger

2.3 ERFMIENEH

T A Eorp, TR R R
Kinematics 2 5 i WA, 5] I RE % 20 47 40 57 4l o
M Kinematics 2 — Fl BLAT Jo 95 K ot 2 09 M4, HOH:
NZGERE WS, BAR B TE L2 AT N T
il AR AT LA S i) H il 4 R AR R % AR B S Y ik
ARG . 20 M TR R Kinematics 28 R (1)



554

B 4 DR 2R

B3 %

WA, J0) BE £ UE T 1 12 3 A8 52 Ho Al ) B9 52 ), i HLAX
58 4% 3 dm F) A AR A 0 9K S P A, B AT LG A BB

HSEN Tz sl i 8T, R i R 480 SCRE R 3 5t vh
Wy 1 S HE TS

F1 BFEEHERERE
Tab.1 DOF limitation of all the fingers
J1F R2F J3F J1A
S -10° < @, <30 0° < a, < 60° 0° < a; < 90° -45° < o, < 45°
fogi= -30° < a5 < 90° 0° < a4 < 110° 0° < o, <90° -20° < ag < 10°
s -30° < @y < 90° 0° < a,, < 110° 0° < o), <90 —15° < @), < 15°
4 f5 -30° < apy < 90° 0° < a,, <110° 0° < a5 < 90° —10° < oy < 20°
INFR -30° < ; <90° 0° < ay < 110° 0° < a9 <90° - 10° < ay) < 40°

ERISEVARCINE iR & S [ R R €L eI TR R L)
T 285 1 0 7 D) 2 AR 3 90 T 4l 0 00 0 2 o )
Jigh% 77 X2, R FHe a0t B, 18 3 2 —4
TR A SR BRA TR &R T XY
Vi A, 0T B Z fh ) Z Ok ) U A O
I, $8 A8 1l 1 05 o Y IR o B3 P A
FoR— AT 3 BeAg v P RE A S, F
8 132 3y i AR e T4 5 i a2 3, SR ok a2
2, [ 3(a) BT AR 2, B 3 (b) EAER
3(a) W T2 M a1 )5 AT T sk &2 fid 2

(a) MR TARATE B 1F
3 BRI AT RIES

Fig. 3 Vector rotation calculation method of a finger

b) AR THRIK G

TS hE G, TR ETFRSMER
A P, (D) 3H8EAR 2, 5835 T 45 2 o 19 5615 17
HP X (2)IHHEMRE, P (i=1,2,-,8) 354t
FE W RAR R M, M, M, E e M, 3R
2% X WhIESE o, AR M, FR58 X MEH o,
A M, Romse Z e, — o MENHERE, o o, .
oy S FHEHE T AR 00 A1 B2

P, =M, x (P, -P,) +P, (1)
P, =M, xIM, x (P, -P,) +P, -P]1+P,
(2)

ol 5 AR G iz 3, R 2R PR G AL E P,

i (3) THES B, 58 T T35 2 om JC 5 1Y B AL B
P, = (4) 1B F] R
P, =M, x(P,-P,) +P,
P, =M, x(P,-P, ) +P,

(3)
(4)

3 MBUERABHE

ASSCAEHE TR AR BE T332 7 4 1] B 5 3 A6 7
(LR b EAT YR, S T AR AR, ] T
FANBUAE T 0 0 73 58AE R, TR i A 4T Y
PLGE FL 2R, DLk O T4l A BIRTRL N AR 7 T LU
PIAS TR S A T 1R FI R AE TR0 (ANl 4 i
7)o L S AE TS Y ) A 22 1] A A I A AR,
S BN T LS8 Bl DA 7 S TR A 3
TR ) AR T8 A A T R T, 2 HE T A5 L S (R T A
JEE A MR E RS, SR TR P A2 Al 2K
ROl B I 45 L AR BT P i R T T 2 AE T
B Ak S5 32 Bl 3 42 52 IRCHE T2 4l 3R A Bl X
FEA A RE ™ A ECSE B I 58 RO, T HLAS 2 R AR A
PG SME T AN SR T 2 [l 14 22 57y A 2 1 o 3 A6
B A B AR 1 S5 T Al fig o

Bl 4 Sk TR 5 2 A TR
Fig. 4  Solid hand model and line hand model



55 3 3]

XA — b T AR 2 e R S R ) 0L T S EUORT O i 555

3.1 FFEMEERR

T8 R A5 AR 0 0 T 53 b D L B 22 19 R SOk
(8] H 42 2 i 31 5 32 g i RV o B B R AN S
/R, — ORI T LS R NEROR 208 Tl kAU 7
S A UL T S L A W A U AT L — A i 4D R AR
#o (S) B BRAE R 3t 5 A 0 Hod xy
Je HE FUM I )L B, S/ NERIOE B o AR I S SRR
A 3, T AR PR 7 B3 5 R Bl /D BRI A
it PR B S M I {EL A S S R 2 TR
— YR VT B 5 2 6 B JEk ALY A JE AR
IR B — AR, RO A 25 T8 BR 1 4% i, 23 1%
W e T, T EL T BB N IS S At AR R,
i —E W B S, 2 B I T 18 i
RSO fi] AL PR S B Y AT T R SR A AR LR
P73 B ok B S 5 SRR RS HAE I T

XA HAR ) OB/ NI 22 5, ATl 2 R K
T, WA T 58 AR 7 PO R B0 2 S, D e 5 %K
RN T, v IR 2T il 2k e 3 A8 9 1 2
BTG RS R R L (6) K (7)), (6) &
FRLe vk SR B 5, 50 (7)) R AR Lk
B LA A HTE e T BT A 4 20
AN A HBE T X 20 A Bl BE A B BEAR AT LA
AR 2 P S FAT AL rh T 8 A ok AR T (A (6)
7R ) W0 S AT 45 A T 45 W 23 531 ey A 2 o A6
B ep B LA g B8 A3 AR (AN (7) R ) X AE A Y T
JIr S ST ) AR £ 1 S AR A rh S SR 4R 20 ALy 9
BRI S AR S s (AP S FoR ), S FHTE
USRI TS PR T, SRR R
TAFAREZDER 247 & AL B

FLL AL S B
HAD G E
JsEEPAINR

5 f B2k M S S A R UR I
Fig. 5 Simple linear spring model

0 X > Xy
= (5)
K(xy, -x) x<x,

AT (6) T8t 454> 56 4 13 1 3 B0+ ) i 5%
(B WA TR . K, K, . K,

K, SRt 280, b, b, by by, RHLE R AL,
Ay S ZEAE T4 WURG 005, Ay S 90V T2 B8 A2 W
LR, 0y Rl g 53 91 B AHE T A1 501 T 19
TR, AQ 2 ST AT R 5 Uk % 2 G
L B ETF MR T 2 M TR, 0, 2
Sl 2 e BT L 7 2 R B R 18
AR B A B A, (0, R P46 BN A e B B 5
WA B B . Ad 5 A M, S0k T Rk
EFZE T8 %R, d, 2 AE 2 vk B s R oh
LAy F 2 P B ) A1 2 e W B 5 O 9 B
d, 2 SR A 4 B B 3 B Bt U 1 B
KA, —A) +b (0w, ~w,) A0 <L

T =K (A, A" + b (o, ~0)" O <A0 < ()
B A6 > (),

(6)
Izl(P\x_Ps)‘FZ’}(VW—VS) Ad < d,

S =0k, (Py —P)" +b,(Vy — V)" d, < Ad < d,
B Ad > d,

(7)

ws J 0, oy B (8) , A FI A, 4r 52
T 25 TR T A AR, Ae S — WA s ] [R] B Py, S
LRNETF- BT 7 B, Py S SR 155 B AE W A 3 1 )
BIOLE, Vy 1V 20 58 R HE T AR F 10
BRAMER, Vi M0, Vi BiFE L (9) ., P Al
P 53 502 % B I 2 AE T 60 0 SR A . A,
Py, M1 Py Al 3 0F ()38 8h2f ki E A B
wy = (A=A, ) /Al (8)
Vy = (P-P,)/Al (9)
3.2 iMENAMIM R R
R TR ke A AR B S O IR A, AR
SCHE S DAAILAE S B 2R MO &5 5 . i F
BEAFHEXTRL 4 A B b EE, B4 500 X0 R 4 A~ H1 7 54
R B THEA 1 DL BAL, Fr DU X
5 AT A, BT SR th B AN F A A J1, IRl 4
E AR, T Y 45 R 08 AR T WA, Horh
ik ok 2R 1 fE A F48 Lim— A sk &R



556 B 4 DR 2R

B3 %

TR EE R XA R R Al 2 (10) AR
B o SRR AR AG I AT AR ] S A AR E) A TR R
1R IR 20Kk 28 3 ) R P S E AR I AR S
5 & LG B RO . F RBA TR %4
Ti kL ky ks, Ry, ks BEREL, T T s T
7, SRR TR X T 4 AN ) 50 R A OR
AL 3 2 Xk IO T £ P i A R OR Y A T 45 7 i
T3, N GER BRI E LS N AR TSR Y
PR ) TE e A B e 7 ) L BEAT i 7 - NOZAESR
AL T AR T G 07 1) AT o0
F = [, xT; N +Fk, ><7-j2'N+k3 XT/3'N+
k4><7'].4°N+k5><f°N (10)

4 KIEHER

R B IR A ST ik B ROCR A TR/ 2R R 26
AT BEAT T M TS B B S, SRR
AT R IUIPL B A HAETE— 1 PC T AR |
SCELRY L % PC T AR5 W B 4 IntelPentium4 CPU
3.00GHz,1.00GB NfE. SDT #ETFEH TR T
L 25, Ascension H{ Flock Of Birds JH T3k A T 1Y
23 M8 3l 46 A T 0078 Fle#% , V8 ik Sk &
T AT AR 7R, racker Sk F8 B &% H] T X% Sk &
(132 g P AT BB, B AR {1 S50 RIS UL AT 6,

1 1. 4 R
') n . _ \
- — X A
y

el

K6 HRIRHTE B0 5 T A 2R 5

Fig. 6  Desktop hardware of grasping simulation

7(a) 2 B U FINBCUNER A B A SR 1 72 B
AR SR B A J5 3k, K UL T A/ BR Z 18] R A B0
FAR B TP A, i /N BR 0 ROSE A5 5 TR A, LA
FH A o A POy FC o A 4 45 R 40T S
ANER AR AR il AR S R N ERITGES 5 SR )5 F0 8 L,
W B RS /B O (/N ERTE T 0 N A iR S 1817

(b) J2& HE 40 T A I3 B0 1) 22 B 7, RV U T 15 5 18
TR TS i 1B N R A e i I I WD W E S B A Bl
IR AT — R TR A R B , S HACR R A
Ko T T (o) 2 AU T B PR N, AR 40 4 Ji i A 26
P EE AR TR A H U ) I 47 W0 i e R 45 2R
SRR LA A B R AT [a] N E s A £l
£ Bt ) R A

(a) REAL TN ERI R )y ER

/|'

(b) HEI T AIRE BRI 57 TR _Elieke

(o) IR (R BEIE G
7 A s 'R

Fig. 7 Grasping results of simulation



%53 4 X1

Jo A - — b T A e e SR RS 2R ) 0L T 5 EURT O i 557

RIE 40030 52 52 ) S5 N 2 A2 B e P Y
— N H B R, T H O TR R R S HACR 0
A S PR PR IE T AY R BT R 2 RE 8 A
20 ~30fps , A B $ i — 32 22 TG [N M5 (49 Sl im) I T 2%
RO AR R R B B T A T R A
B2 J3 Bt 19 ) B A0 3R ) SR U B iy, — M R A
1 000Hz 745 o filf 48 A6z i) M i 488 Jz o7 AR K B2 |
Kt , — B — RGBT, AR 20
SR Tl R A 000 R Al 8 S oL B A, R AN E A Y
{5 H. T H. Novodex T 4 3t i) filf 17 A6 00 11 #lf 488 52 17,
NSRS WECYNT -V IVEE S i L D EI [ N
FRIRLE 1735 ASTHASCRT 3 000 A = #1541 A, 24
Wi 20 A LT B3 sOL O3 B = AT R,
HRRETT 2 SEF AP ELAE R . 8 A PR B4 A
R IRF 8] F9 3 7%, DA IET R ml LA B 5 5 708 24 1 [ R
EAE 1 ~2ms 7247, P 39 05 B AR BETL F] 1 000fps,
e 4z Al LLB B S i s2 HAT E

2
*
&
Le i .
z * .
S [melemme oSN S8
— )
s QAR
E 1 ) Adadk) 0‘..' o Ve ...
= .
[l 1 1
0 100 200 300 400

TR R EL (DO

8 A L R Y6 B i 1

Fig. 8 Cycle time the simulation
A
5 & i

BT U T S A RE B SE A B R G ANE
REW 58 I LWL 1 9K B9 52 EL I RE , i RE 4R AL 45 1) ) 2
P 52 RO I A2 BBOR 2 1 SCTE . tbAh 2T
HE 0L 14 K DL B S B AR AE Tl b A )32 i 2
BEF o 25 e, AR SO A5G R UL T 1 58 BB R AT
TAHSRWESE, I Sl A 4% T 1 B A 58 B AU 5
oK S filt R e T 1 R SR BRAYE SR A 1 U
Tz gl R SE A L 4R T s s O ik, O
i AR LM S B AR T ST Y . SE R A R R
eI R RR T 3 N 8 B N T WO 1B 7B = Rl

YRR A SR B HE T W) B 52 5., i HL A 552 H
58 A BE S 1K B SR A 2K

1T 32 M AU T AR B TR R R, T 2 25
IR 5E 2 ER , DA 0 OB 2 A — 3 B2,
J R 2 — 2 Pt R UL AR R n e 7 AR IR A e 4 i
FR AU T2 Ak, AR ST Erb G 3 4E9)
PRHR 2 MR A, LR RS 2E— 20 08 R] A2 8 4 A% f) TR
SEH A5 B W5 o 0 K 1 BUTE B Sl L 2% K]
JE AU TR AL T AR 2 037 T A T 5T

i ARSI RZEZFHABRALELEZFRA
C“ETEDAEREMA KA 3 EM%KHXER
5 R AT R 6 B

% 2% 3Lk ( References)

1 Bowman Doug A, Kruijff Ernst, LaViola Joseph J, et al. An intro-
duction to 3-D user interface design[ J]. Massachusetts Institute of
Technology, 2001, 10(1) : 96 ~108.

2  Tomozoe Y, Machida T, Kiyokawa K, et al. Unified gesture-based
interaction techniques for object manipulation and navigation in a
large-scale virtual environment [ A ]. In: Proceedings of IEEE
Conference on Virtual Reality[ C], Chicago, IL, USA, 2004 . 259 ~
260.

3 Huang Zhi-yong, Boulic Ronan, Thalmann Nadia Magnenat, et al. A
multi-sensor approach for grasping and 3D interaction [ A ]. In:
Proceedings of IEEE International Conference on Computer Graphics:
Developments in Virtual Environments [ C ], London, UK. Academic
Press Ltd. , 1995 235 ~253.

4 Sanso Ramon Mas, Thalmann Daniel. A hand control and automatic
grasping system for synthetic actors[ J]. Eurographics Association,
1994, 13(3) : 167 ~177.

5 Wan Hua-gen, Gao Shu-ming, Peng Qunsheng. Virtual grasping for
virtual assembly tasks[ A]. In: Proceedings of the Third International
Conference on Image and Graphics[ C], Hong Kong, China, 2004 .
448 ~451.

6 Rijpkema Hans, Girard Michael. Computer animation of knowledge-
based human grasping [ J]. Computer Graphics, 1991, 25 (4):
339 ~348.

7 Pollard Nancy S, Zordan Victor B. Physically based grasping control
from example[ A]. In: Proceedings of the 2005 ACM SIGGRAPH/
Eurographics Symposium on Computer Animation[ C], Los Angeles,
California, USA, 2005 311 ~318.

8 Salisbury Kenneth, Conti Francois, Barbagli Federico. Haptic render-
ing: Introductory concepts [ J ]. IEEE Transactions on Computer

Graphics and Applications, 2004, 24(2) . 24 ~32.



