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Neural Learning-Based Inverse Kinematics of a Robotic Finger
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Abstract

The planar motion of the index finger in general human hands is usually implemented by the actuation of three joints. This
task requires a technique to determine the joint combination for each fingertip position which is well-known as the inverse
kinematics problem in robotics. Especially, it is an essential work for grasping and manipulation tasks by robotic and
humanoid fingers. In this paper, an intelligent neural learning scheme for solving such inverse kinematics is presented.
Specifically, a multi-layered neural network is utilized for effective inverse kinematics, where a dynamic neural learning
algorithm is employed for fast learning. Also, a bio-mimetic feature of general human fingers is incorporated to the
learning scheme. The usefulness of the proposed approach is verified by simulations.
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Fig. 1. An assembling task by a human hand.

HAA &9 2 E(humanoid robots) S 9Fst= Hof
A A7 £ WA Ao uuw}ix} R
AEE o 223 73t Botg 4alA 97, t}eksl

AF7F AP 3 Qlek B =Rl 9] A
herg 24 el A 1 25k o] 2P, of
£ 7|7 EAZ TASDA Vo 1Y 290
W3 L = 1,2,3)= A7k AR £rhge] gle
9] A Z(proximal phalanx), % %] A & (middle phalanx) 3 .
%15,’4 | Z(distal phalanx)°] 3| =™, O;(i = 1,2,3)+=

4~ Z 7H(MetaCarpoPhalangeal, MCP) #3&, 3] A
X* 7}(Prox1mal InterPhalangeal, PIP) 43} T_H 2 A
ZH(Distal InterPhalangeal, DIP) &3 ¢] 944 E& e
U} [13] [14].

a2 A4 £7hee] FATE.
Fig. 2. A planar schematic structure of the index finger.

19 20| A] 7] F-8Hforward kinematics) T+ A A1 -2 ¢}
o3t o] Lhepd 2 St

ry = iy +lacia + l3cio3 1)

yr = 1181+ 12512 + 135123 (2)

O = 61+02+0;3 3)
o 714, :cfs’er = 27} MCP& Zbell o3t &7he 23
o] e5} yF HIFY HAE VYEdT 9%’\7]'%“
Z} M) (orientation) S VER W, 7HekEls sielvu|E

7t tp-53 2tk s, = sinb;, s = sin(6; + 0;), s,]k
sin(6; + 0; + 6k), c; = cos by, cij = cos(b; —|—9 ),
cos(0; + 0; + 6x).

2 (2) ~ (O ZRE, &7 YA 9 A= 2
Aol ZY HE 7L AARE W, o] upet A A= A ¢
T Ak 29 2R 4_\—% o] & EA 9 AV 27t

B2 AL Yol AL BAH AIFHE £/
zAe) 9271 WA AR T, o)o] WE 7 B2 A
WE palof 3= HAol LA At o) Ao] vz

L7etel gk 7175 2 A AH, 9717 5h= %%HJ
ol met 1§ 13} Zo] o' 2 A w3
fojM =AU e = 9l B ofyeh a‘
HbA o2 ¢Jo] Aol 23E 2R &7 973
S HIAE BAE E ol of sk FHA 7T A T

A Ao 2 0]101]/\1 = Eﬂfﬂ 1}54 l-‘s_r%,

U%, o
863



HX & XSA A8 33 =&X 2007, Vol. 17, No. 7

SAAYL 5ol g v AP FAS 2= AlE
Aol & AT A HeNE voted R854 882 + 9
o [15]- [19]

B2t 2 =i e A A A N FE 57
£ 883k 21929} T2 2R 7159 4775 3
£ 7ot S AA SRR T

3. 97175 A% AT g A2d
31 AHE A7 5 A 2"

2R £ A7) e 73] A5 A
ARBTG5 ANsE2 21 33 23, 474 A
HAR%e 2L 21949 20

d t > P el(t)
z§(?) Neural Network L»G — 0(t)
A

—> g5(t)

A
I oum—
C@"el_" Adaptive Learning

) )| Algorithm, n(t)

~ a3(0) :::L J
Forward Kinematics
DR I—

293 977 AR ARD G A 2H

=Y.

Fig. 3. A neural learning scheme for inverse kinematics.
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Fig. 4. A proposed multilayered neural network.
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