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Solution of Inverse Kinematics of Robots Based on
Unique Domain Method

LI Guang XIAO Fan YANG Jiachao ZHANG Xiaofeng MA Qijie
( College of Mechanical Engineering, Hunan University of Technology, Zhuzhou 412007, China)

Abstract; The inverse robot kinematics problem has been extensively studied by many workers, but still
some problems related to the complexity and strong nonlinear of the inverse kinematics process need
suitable heuristic and adhoc techniques and simplifications. A novel method based on uniqueness domains
notion was proposed. With using the boundary confirmed by robot’ s Jacobian matrix determinant equal to
zero, the joint space of the robot was divided into uniqueness domains with the same number of solutions
as the inverse kinematics, and the boundary of each uniqueness domain was used as a constraint
condition. Then the inverse kinematics solution in the uniqueness domain was transformed into the
constrained optimization of the CMA —ES algorithm, the initial mean points of the CMA — ES algorithm in
the uniqueness domain were optimized by using the characteristics of the uniform distribution of the good
point set. The application of the presented method was described in detail by solving the inverse
kinematics multiple solution of the 6R industrial robot, and comparing with the numerical method on
Qianjiang No. 1 industrial robot and the KUKA humanoid manipulator. The simulation results showed that
under the precondition of accuracy requirement, the proposed method had a faster solution speed. For the
industrial 6R robot, the average solution time of CMA — ES algorithm was about 5. 1 ms/time, and that of
numerical method was about 7. 5 ms/time, and KUKA humanoid manipulator, the average solution time
of inverse solutions was about 18.9 ms/time, and the average solution time of numerical method was
about 54. 8 ms/time. The presented CMA — ES algorithm stabilized the position tracking accuracy of both
robots at 10 ~® mm level.
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Tab.1 Joint parameters of Qianjiang No.1 robot
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Tab.7 Eight solutions of inverse kinematics of industry robot rad
0, UD,, UD,, UD,, uD,, uD,, UD,, UDs, up,,
0, -2.14159265 -2.14159263 0.99999998  0.99999996 -2.14159265 -2.14159263 0.99999998  0.999 999 96
0, 2.49126391 -2.35815733 -1.20000002 1.00680132  2.49126391 -2.35815733 -1.20000002 1.006 801 32
0, 1.529773 15 -1.12818202 2.19999999 -1.79840885 1.52977315 -1.12818202 2.19999999 -1.798408 85
0, 2. 641965 23 1.004 85844 -2.64158021 -0.52976879 -0.49963781 -2.13665081 0.500013 05 2.61185292
05 1.001 02227  0.498 266 09 1.000003 84  0.92455038 —1.00103969 -0.49826999 -0.99998512 -0.92453870
O 2.57336199 —-1.79924287 -1.14159877 2.62604905 -0.56822429 1.34227803 1.99999330 -0.515562 54

#&8 KUKA Hl#7 AH 8 AFiEshF i

Tab.8 Eight solutions of inverse kinematics of KUKA robot rad
0, UD, UD, UD, uD, UD, UDy UD, UDy
0, -2.64159286 2.68043540 2.68043510 -2.64159267 0.50000010 -0.46115749 -0.46115768 0.499 999 73
0, -0.785398 16 -0.68385824 -0.68385816 -0.78539814 0.78539819 0.68385824  0.68385820  0.785398 05
0, -2.89159280 2.60317507 -0.53841776 0.24999994  0.25000011 -0.53841766 2.60317486 —2.89159282
0, -0.78539806 -0.78539804 0.78539810 0.78539809 -0.78539824 -0.78539814 0.78539820 0.78539792
05 0. 785 398 48 2.35619412 -0.78539806 -2.35619440 0.78539799  2.35619437 -0.78539787 -2.35619416
0O 0.99999984  0.50894666  0.508 94644  0.999 999 86 1..000 000 07 0. 508 946 48 0. 508 946 48 0.999 999 83

3.3 &R0
IPHANAGI AT LA A0 RS B R A 42
T ,CMA — ES 53k 0 5K fifg o B2 W1 A0 T SCHR[ 5] B
PEAEH I
KUKA #IL#S A 838612 Bl 5K figk i BE L Tl AL
AR RS, T2 LA N TG i o1 5
ARG N T 35035 B 45 R 4E B, E T3 in 1 SR A o 72

GRS FE, M5, CMA — ES Fiik b 68% ~
4% BRI PRI FE FH T 365 107 8 R B, SR T LA
R T 07 PR R P, U SR e o 4 1
# R R E, W, CMA — ES Bk R 5 804
et e, 23R AT AT AR R, T ZE Ak R JE
B2, QSR IX — 7 T AT ke , DU A A
A TR
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(1) FIH det (J) =0 K MG AT 94k 7 2%, #8%
TT—5 6R Tl HLAR A 75 25 [ R 43 8 A —
B4/ T CMA — ES 59k 8 2R 25 8] 5 256 F0E
O3B AR A5 A0 6 T J A A I R A ST T AR
N7 B PR, AR T S I R AR

(2) I CMA — ES Bk TEE— Bl b #1724
WG RS R 5 R R A e T3
DRI R A 5 o7 FH () 1% 306 e o — sl ) 93 1k

R SR T —328 KUKA {5 AMLE T 6 4~ 610
) 8 ZHbifigt

(3) TRV ERG BE LR AT IR T, SEUEIEA L,
ARSCHE A SR 4 SR A B ) TR AE T AILES A
H1,CMA — ES B P BRI L2 0 5. 1 ms/ UK BUE
VAR s B 298 7.5 ms/ UK 7E KUKA ALES A,
CMA — ES B PR A3 2SR 18.9 ms/ UK, BBV
SSA SR AR B 24 g 54. 8 ms/WK, CMA — ES B3E7E
R RTLA  HR 200 A %) o7 R B 34 RE AU FE 10 7° mm
B,
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