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Computation of multi-fingered grasping force with linear combination
CHEN Dongjin, JIANG Li, WANG Xinqing

(State Key Laboratory of Robotics and System, Harbin Institute of Technology, 150080 Harbin, China)

Abstract; To improve the efficiency of force optimization algorithms, a new method to compute initial grasping
force is proposed. A group of grasp forces with respect to external unit forces separately is computed, and an
arbitrary external force is decomposed into linear combination of unit forces. The initial force is obtained by
linear combination with the same rule. An example indicates that the new method reduces the steps of
convergence of force optimization algorithms and is faster than Lagrange dual method and single value
optimizing method. The method can be used to provide initial values for the force optimization algorithms in the
point contact friction models, and improve efficiency.

Key words: finger; multi-fingered grasp; force optimization; initial value; linear combination

BB NS A FATHGE R, AR 245 T4
WA 3 RERS AV E FITE DI L i 4 0 T L
PR TS TR g i 5 L P S 24
SRR JEL 3o e 24 B 14 B INTUBUT k2 1 AR AL 7]
TS 07 PR U EESR AR A R S HEA T

[ R oh B4R T ARV 1Ak 758 Cheng
2L ] 2 TR RS LB 8 5 AT 2R ML R (L%

IR EH: 2011 - 11 -30.

E&WH : EESBAPI LRI B3 H (2009AA043803 ) ;
[ 5 H i S22 300 H (SKLRS200901B) 5 it 42 41 75
ANA SR % B3 H (NCET - 09 -0056) 5 [FH%K A
SRR B BB IUH (51175106 ) ; & 5K HE A AT 58 & R
FR) % B H (2011CB013306) .

EFEB N i (1988—) 55 Bl 0F5E A
% J1(1970—) , 5 Bz, WAL 0.

BIE1EE: Mitk4, ellychen9627 @ gmail. com.

AR ST 5 Yoshikawa 251 Fl fE 2K A 400 ] 24458
A RERLRI (477 35, (HBCR AN S AR . A T4
PERI R RERLR , AR IR 5 45 SR e
PRLHCTE S F2 0. Buss™ A9BSR 3 — 4B e T
M , AR R B 7 2 TE 8 P R B AR R 4 4 24
WK 1A ) B H ol B S i R 2 SRR
(™ R Al 1R A, HE T M O 5 v R A . 7
Buss FRIS I EEA -, SCRR[S -7 | XHHEZ DAL T
BT T =R R, AR AR L 2500
oy B[] P J A1 7 -0 B 8 24 TR P TR
JIWME. Li Han 28 SRBOM 3 0 PRI B9 Be/ N AE
{1, TR Boyd #5 T — N4 fi7 By 2
B Ak 0] A SR BRI, (H R R 5852 4% 5 F Ui
L R FRTREAR B 3 13 SR ORI A7, (A — Mg
SRR BB IR AN ST WIME TR



- 56 - MoK B T

$45 &

FEIST, T 52 Mo e SACEk

A SCAE Buss (85 BE A L SLA B, R U0AE
A RIS IR R TR, I 4
SR P T, R e 2 SR BT ) w1 Y
D5 AR B e TE I TRV G A IE
PR, S5 R BT B Bk T M AR E
PRI W6 2 2 0, 050 T LA B H 7
A A SR, LA DA 53 s B e e S5

1 B R A

MR Z 18 T 5 P PR fih s AL BE B A 20, W]
R A7 o JORE 5 A Mk i B A M S A
Hefl, AR SCOR T EER R AR Hlas N2 45T
BRI, FHB M(M = 3,4,5) ATBGERE
HG e R YK LRGN W, e R HE

-0 0 0 0 0
-1 0 0 0 0
0o -1 0 0 0
0 0 -1 0 0
0 0 0 -1 0
L0 0 0 0 -1

A IR R AT IIEL, 53 5RE N fo i = 2,0,

12. AT PIE R

G-fy,+[-1 0 0 0 0 0] =0,

G’f312+[0 0 00 0 1] =0.
Xﬁf%tﬁ/;ﬁﬂ w—-xl = [wl W, W; Wy Ws w6]'r EI’(J 4 I\
J1(TE) , WK o iR
- ] ] —_

C-E (1)
Ht.EeR”;E,=0;E,, =0;E,-E, , =0,i =
1,6, BTSN3 (i) #BA] LA IR AL Ah
J10€) MZPEA S, XEME, G pAish
(Ji#) B9 ZR B MR S8, HIE SRR Y 7 B A7
() MREH A —PIRE. 4
f = [fBl fBz : f;BlZ] - E
B (1) AT
G-f+WwW,_, =0
Lt , AT DA B AT (ig) W, BRI
NGRS R & =0 A DO VA UE | i s |

W & TR f, e R i =1,
PRAET- A, 7] B L PEE i 2

US4

K= 1{flu-f,=Jf>+f'1,
RIHTCER g oz i A2
G-f+W,, =
fiek, i=1,-M

A Buss (8 BEFLOLAL S , T ISR HGH 2
EIRAF R R 5 P R R U AE, (5 Yo
F—AN 2 LA LA ITIBO A R B A AR A
R R 250, A8 2 AR & T3 40
IR e 7R

LRSI sy (g) [ -1,0,0,0,0,0]"
b A E 3 SR IS Ak i Oy i, 7T AAR
B HRBOX— 51 T M ALIECT, 320 £
[EIRERY , 1T LSRAF 2501 Oe) 735 A

1 0 0 0 0 07
0 1 0 0 0 0
0 0 1 0 0 0
0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1-

P LR PR ZH 5 v BRSLA M g B IO B 9T T 4
LM A H
f= s [ © Sl E

WL, B 5, BT AL R AL
P LA G 15 IR G A2 A RSk
J1(HE) W, 5 BN T 5 2 x5 S al TR
Jui #ﬁ%%@éﬁ/n\,ﬁ)ﬂ R SRR R )
AR

2 A e B4 R

PR 45 7 1S 0 i RO A 41
SPF B2, (LR A SRR 2, LA AL P
2y AR LR 45 S B B 2. T T
ASIET 0SB EE  TET25 4% 2R E 28 6 AL
HE LS I 1 T2 445 578 10 ) 3y I e
SEBE LR,

Li 21 S BLAE 22 46 B A B Al R o
SR AR T B B 2 e — i, SR
s s fusi = 1.2, M =t
(L IEH €t = 1,2, M
2.1 EigHKIE

AR X — AR A CL AR R
A2 1) AR B, 05 B o A — 5 R 5
Aol A C g, B — MR G



1

Betiddr, . ZARIUBCI MLt &5 57

Vx,,, e CLOS0<1,0 € R=>
(0-x, +(1-0) -x,) € C,
JUBSSTAE S
PR E SC il 2 C R OT RIS
4 3¢ Conv C,RJ

k
Conv C = {6, *x, +6, *x, ++- +6, *x, | Zﬁi =1,
1

0. =0, e Cl.

PR N Cony C L2 —NI AR Y

£ Conv C B N4 C Wi/ MM, B
Conv C = min{C,| Cy D C}.

AR A E - MEG R R/MEGEE
AL
2.2 MEHEAHEEELN RS

AR A PR 0T DA SR G R BT, P4

Conv C = C,

M4 Conv C W CRWE T4 C, 1)

16,2, +6, 0, + - 46, x| 291' =1,6, =0,
x, e Cf CC.
AR LA AR ) T SR R, XA A TR 4R
fil Ty €, PTG
k
Ve C,Y6 € 16,1 6 =1,0 =0},

1
k
i=1,k=Y0-f C. (2)
1

FEEEIEHE C, N, BUEE TR f, e C, HIUER
K/NIESE S e, X T e - i
N A Y, I =
Lo f (3)
ATLAVE O C, MR ITR f, SIEEIESSE
AR ¢ - f ASRJE T4k C..
SEATERT(2) A (3) 1 IS  AEA T A5 1%
il 3 B HE Y A

k
VfieC.0 eRO =0 =1,k=) 6 -f cC.
1

FPAEE MR BIC N CS = €, U - U Gy,
DDA 39 2 2% 4 Sl a3 A HE LI R S, Sna s

12
WAV E e Rk, =0, =1, 12,4 > k, -
1

So € CS, BI—41 0l /2 E S5 i) 2 fh LR 20
G R L AR HE A R, X —S5e ) —
BRI R G R B AR T S, PR LA A
JI8F, [ B BUCIE 7 B 7, DAk fRUE & Al
E, =0.

3 RMEAEFEELQMN

fift LM AL A5 20 TR AN 2 51 )
S T LA L EE 45 o 2 o, PR ] DA g Buss
AR B L Bk I s IR . 52 13X
— kIS T A R EEAME R SIS . ek
A PSRBT WIHE R B AL IR .

1) BT R B A 7 Cié) R i3I g
FEA 1)

2) THEAT B AN T3 6 N B AR 7 etk 4
HOE i ¢

3) HEAH [F) 22 FIORT PIUHR g it 1] ot R A4 7 4 Pk
HE;

4)FH A1 B B EAE s AT T AL
BIH.
WA A5 B hAs B H R 7k 3
EEALE AT IO, WA B AR R A&
HFT 18 « MR, 15 - M Nk s FHias ) H 5
TR EATENGE R T N pGER, HRaE
9 « M RTE,9 - MP RINE s SAR AL A AE 5
WX AMAAEBENEM AR ERED, A M
K, ZE BB 5 (5 RIS B9 H 3 T 0 75 A T7E
SRR L RIS, SR AL A TR B T A A
BTG R S R BRI R A S B B AT
TR BRI, St LA T O
.

4 HBIhREE AT

G 1 PR320 BOR D5, A TN
W HILfI 25N a = 0.10,6 = 0.15,¢ = 0.15,
d =0.10,H = 0.20. g7 YRR ZR OXYZ, P45
SRS R AR R T HR Of f of s Bt =
1,2,3,4 SR EE S R B Y , SRR 0N 0. 4.

b c

2

AN
=} NQl
[}
J
1
}
|
2
[}
S

17

| ! v

1
|
]
|
|
i
| VA I
, 0 . T
y P / ko /04 s

1 M¥EHMEEREY

B9 ) DTCEBURE 0 -



- 58 . 76 ;S D A - = 14 F45 5
0 1 0 0 1 0 0 1 0 0 1 07
0 0 1 0 0 1 0 0 1 0 0 1
1 0 0 -1 0 0 -1 0 0 1 0 0
H H H H
G=00700—700—?007.
a —g 0 -b g 0 c g 0 -d —g 0
L0 0 -a 0 0 -b 0 0 c 0 0 d -
FBEET TR Ak, BB ZatEs  AAmE
LA T () A TR B4R I LA AR Sy 2k
[0.68 0.24 0 0.68 0.25 0 0.67 0.25 0 0.67 0.25 0]",
[0.65 0 0.25 0.65 0 0.25 0.65 0 0.25 0.651 0 0.25]",
[0.56 0 0 0.06 0 0 0.06 0 0 0.56 0 0]",
[6.31 0 2.5 6.31 0 -2.5 6.3 0 -25 63 0 2.5]",
[3.09 -1.2 0 0.06 0.01 0 3.1 1.2 0 0.07 -0.01 0]",
[5.05 0 -1.99 505 0 -2 505 0 2 505 0 2]",
[0.69 -0.24 0 0.69 -0.25 0 0.67 -0.25 0 0.67 -0.25 0]",
[0.65 0 -0.25 0.65 0 -0.25 0.65 0 -0.25 0.65 0 -0.25]",
[0.06 0 0 0.56 0 0 0.56 0 0 0.06 0 0]",
[6.31 0 -2.5 631 0 25 6.3 0 25 63 0 -2.5]",
[0.07 0.01 0 3.1 -1.2 0 0.06 0.01 0 3.09 1.2 0]",
[5,05 0 2 505 0 2 505 0 -2 505 0 -2]"
WEmsr W, =1 0.5 -2 -0.1 0.2 0],
FARIRS B H e FIR T HRRAIRIE TR
[3.11 -0.06 0.13 2.56 -0.44 -0.37 2.01 -0.44 -0.37 3.49 -0.06 0.13]",
FERT 0. 503 s B L ATLRAR I RIME 1 A
(579 -0.16 0.16 5.54 -0.33 -0.39 4.87 -0.26 -0.35 6.61 -0.26 0.09]",
KBRS 0. 573 s; 1 FHIE L PR AL A PR GRIHI{E 1N
[2.78 -0.24 0.12 2.38 -0.49 -0.37 1.76 -0.25 -0.37 3.36 -0.01 0.13]",
FERT 0. 471s.

BUEIX 3 Fh 5 ISR AR R R0 a0 S M, 25 R
E AT RIS 2 S 3~ A R JEE 4 2 SR KX 3
HLIIG I 53 3B T Buss (B0 BE T AL TA 55

4

= F,
LT an

==k,
= F,

~
Saae
S
il TP

50 100
nlik

(a) A5

150 200

O, BT BEAE 61 F0 FL R B RS2
SYRIRE 2 ~4. it F, A0 ) ¢ 5 AR
B n R FRUCH

50

100
nlik

(b) EAR & B AH

150 200

B2 R%HARERMERKLER

XTEEP 2 ~4 FrhZenl & Y SRR O IE B iS4
TE T U CBOH B fre e , 254024 200 )5 iR 5
WSS s FAA% B 92 0 7 AR AL S R R, kAR Y

110 25 Je iR BICBUEL s PR G 1 00 L A Wi S5 36
SEf PRI, ALY 100 25 )5 Bk #CSUE. AR T7
IEARE S SEAR TR Ferh A A S E



1 Betiddr, . ZARIUBCI MLt &5 - 59 -

[1.18 -0.32 0.21 1.43 -0.01 -0.56 0.53 -0.01 -0.02 2.78 -0.67 0.03]",

1T s eR R s 2 7. 3.

7

F,/N

6
5
at
3
2

1t

0 50 100 150 200 250 300
Il/?j_'\

(a) HA5EIT )

@DIN

5t L . . . . )
0 50 100 150 200 250 300
n/ik
(b) Hpr e BB
B3 sERLERMERLK

ar
—F, =P
e B, == By,

3 s’\

SRS REFT ORI IS RIS THEVAIT TRV

0 50 100 150 200
n/IX

(a) FH3%1 )

0 50 100 150 200
n/ik
(b) Hr &% (E

4 ZLUAFERMERRUEER

5 %

1) LL—Z B 41 g B sR A5 A 9O D 3 4T
i sy n] LU 0% 240 5 o vk A 5K
AR IR AL A IS TR B AT LR PR 2 &
THENHPIIBCT T BE A 1 12 3 - 1 40 P 5 A 24 3R e
AR FIAR T b B TR R e

2) FE[R B, Xk B A TR] B IR W) (R 58
TEA RN N5 T7 3675 i 2 20 R AT
3 18 SRR 5 vk PR, ELAS g A, fiE
PRUETT ATk S HR M 8

%% ik

[1] CHENG F T, ORIN D E. Efficient algorithm for optimal
force distribution-the compact-dual LP method[ J]. IEEE
Transactions on Robotics and Automation, 1990,6(2) :
178 - 187.

YOSHIKAWA T,NAGAI K. Evaluation and determination
of grasping forces for multi-fingered hands [ C ]//

—
[N}
[

Proceedings of the IEEE International Conference on

Robotics and Automation. Philadelphia, PA, USA . IEEE,

1988245 -251.

Bk AR, TRAE, 3. B T N LAl 2 25 i HTUL

BRI ] PR TR, 1997,8(2) < 11 - 17.

[4] BUSS M, HASHIMOTO H, MOORE J B. Dexterous hand
grasping optimization [ J ]. [EEE Transactions on Robotics
and Automation,1996,12(3) ;406 —418.

[5] BUSS M, FAYBUSOVICH, MOORE J B. Dikin-type
algorithms for dextrous grasping force optimization[J].
The International Journal of Robotics Research,1998,17
(8):831 -839.

[6] LIU Yunhui. Qualitative test and force optimization of

—
(98]
[

3-D frictional form-closure grasps wusing linear
programming [ J |. IEEE Transactions on Robotics and
Automation,1999,15(1) ;163 - 173.

[7] HAN Li, TRINKLE J C, LI Zexiang. Grasp analysis as
linear matrix inequality problems[J]. IEEE Transactions
on Robotics and Automation ,2000,16(6) :663 —673.

[8] BOYD S P, WEGBREIT B. Fast computation of optimal
contact forces [ J ]. IEEE Transactions on Robotics,
2007,23(6) . 1117 - 1132.

[9] FEB,B5HM, X, HLas N 248 TR it
B HMK AR ,2008,38(1) 178 —182.

[ 10 ] LI Zexiang, SASTRY S. Task oriented optimal grasping
by multifingered robot hands [ J ]. IEEE Journal of
Robotics and Automation, 1988 ,4(1) ;32 —44.

[11] BOYD S, VANDENBERGHE L. Convex optimization
[M]. United Kingdom: Cambridge University Press,
2004 :21 - 60.

(HwiE W W)



