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Searching the null space solution set of 7-DOF manipulator based on self
convergence homotopy continuation method
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Abstract: In view of the infinity of the null space solution set of the seven—degree—of —freedom manipulator and the traditional
numerical iteration can only obtain a single solution, the analytical method has low versatility, and the differential mapping method has
low accuracy. Based on the traditional homotopy continuation method, the self—convergent homotopy continuation parameters and the
joint limit are introduced to optimize the continuation space. On this basis, the cosine function is used as a homotopy continuation
auxiliary function to add perturbation to the equations. Firstly, the forward kinematics transformation matrix is obtained according to
the modified DH parameter method. Then, the solution efficiency, solution range, adaptability to solution accuracy and the influence
of joint limit on solution of self — convergence homotopy continuation method and traditional homotopy continuation method are
compared. Finally, the spherical bounding box method combined with the method of selecting solutions through weighting is used to
make the manipulator use the searched null space solution set to avoid obstacles. Experiments show that the self—convergence method is
superior to the traditional method and the efficiency of the two methods is improved after adding the joint limit process.
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Fig. 2 Solution path of traditional homotopy continuation method
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Table 5 Solution efficiency of self-convergence method under different accuracy
(i3 ARUEL SRR/ LiF1:3 AREL SRR 8]/
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267 0.608 4 267 0.588 8

YR R R LSRR LB 1e7 I, A
AT A ) 8 A A 1245 B ) A 22 1) 7 PN T8 8 s

Xt FEARGE RIS AT 41 1R A5 B i 25 (8] 7R R 7, F
W SACER SRAT A M 25 (] BTN SE 8%, HIRH AR B

New(a) New(b) New(c)
b3 04 A
o6 -0.4 06 0.6 @% -0.4
-0. -03 B _ -0.8
-0.4 -0.2 04 02 0.4 -0.6 -0.2
-0.1 -0.2 0. -0.4
-0.2
y ) o0 0 y 0.2 0
L0 0.1 x L a 0
02 : 02 02
New(d) New(e) New(f)
0.6
-0.4
-0.3
-0.2
04 -02 @g -02 -0.1
08 -0.1 ‘
05, 0 06 -0.1 0
'_0 ) 0.1 -0.4 0 01
y “o 0.2 y 02, 01
x x E x
: 0203 z 02 202 gg06 0402 002

B8 BWHUEE le “BETHRSERIER

Fig. 8 Solution space diagram of self—convergence method under le™*

accuracy



5 8 1]

RGIHE, 5. FT A USRS RES AR R L i BB 2 25 1) fg 4 217

3.4 X PRUEXT K% Bt 289 R M

N T RUEEACE R 6, BRI 5 75 0 SR AR I8
PEAGRZN , B R i 18 JR L SR AR O 1e7,
O3B 6 HALZE SR AR 350 U, XTBRIE 6, 5 AR

W 6, BRI T X e, A WAEARXT 6, #E17 PR IR
LR B8 F IS R AR AR T,
kK6 F£7,

xR 6  BIKSIEL NN BRIE S 7 0N BRIE B K 2 B 203 e

Table 6 Comparison of solution efficiency of self—convergence method with and without limiting
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le 259 0.593 5 le 176 0.938 5
265 0.483 0 207 0.685 6
272 0.557 0 189 0.818 1
269 0.531 4 190 0.788 7
271 0.518 2 192 0.769 3
267 0.608 4 178 0.879 0
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Table 7 Comparison of solution efficiency of traditional method with and without limiting
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Fig. 9 Smooth trapezoidal curve
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