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Fast Forward Kinematics of 6 — UPS Parallel Robot with
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Abstract. According to the structural characteristics of the planar 6 — UPS parallel robot, the position and
orientation of the mobile platform were described by choosing the spatial coordinates of three
representative points as parameters. Combination of the constraint conditions during three representative
points, nine quadratic polynomial equations with nine parameters were obtained. Finally, six quadratic
polynomial equations, including six unknown parameters were obtained by eliminating three parameters of
the nine equations. Aiming at the characteristics of the obtained quadratic polynomial equations, the
traditional Newton — Raphson numerical iteration algorithm was improved and used to the numerical
solution of general six-dimensional quadratic polynomial equations of parallel robots. The iterative
algorithm was converged and an unique solution was obtained. The numerical example demonstrated that
the time consumptions of the proposed algorithm was 0.14 ~ 0.23 ms and the traditional method of
rotation matrix was 1.42 ~2.67 ms respectively under the same conditions. The proposed algorithm of
representative points greatly reduced the computational time, improved the convergence speed and
computational efficiency and laid a better foundation for the closed-loop real-time control with high-
performance of the six DOFs planar parallel robot.
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5 X,=(-0.2,-0.03,1.1,0.769017,1.28382,1.077 65)"

N T B2 B U T 4R A 3k Y T SRR MR A
VRASALWE ) (4 4 BEAE BIL , 6 0] 3K 6 A3 S A 25 1)
AR IEHR 25 8. 06,25 Awin i B
P, R, ¥ Wl P R, He B AKX Kl y: P, =
(0.5,0.5,2)", R, = I, & # iUAR R AR AN
X,=(0.5,0.5,2,1.5,2,2)" Hk, 4 xf %2 h sy
FEY 25 R, b — AU RO B2 MWTER 6 - Py

B R, JFUE Ay IR AT s, B (1) 1051 1 %
HRIF TR, S B &AM s B R 2 B
TEIR) 25 dH B S, B 25 4 P, R AL,
fr%ﬁﬂ’ﬂ] 25 ZH B A 15 A5 R 2 e B B Sk, W) B
o : 1951 45— LR 5 T 5 i, O L 15 e 4
B3 B AESREE K!Fﬁ&;fr%;fiﬁ@ TE fiff 2ok A B e B[R] AT X b,
Fig.3 Schematic of position and orientation for — 4 v A Matlab H 3158 100 ¥k I B 2 50 B
6 — UPS parallel robot RAYGT B[], 25 Lk 2 R,

®2 FREETER B

Tab.2 Consumption time comparison of two algorithms

PRkt e BRI

N ,

BT x,,/m ¥y;/m z,;/m x,,/m z,,/m z3,/m Wi 4 /ms I 1y /ms
1 -0.08 -0.08 1.12 0.900 326 1.243 90 1.001 07 0.23 2.67
2 -0.09 -0.07 1.16 0.905 058 1.223 08 1. 101 10 0.18 1.58
3 -0.10 -0.06 1.20 0. 900 000 1.200 00 1.200 00 0.22 1. 63
4 -0.11 0.01 1.24 0. 885058 1. 178 95 1.300 93 0.16 1.71
5 -0.12 0. 05 1.28 0. 860 326 1. 158 13 1.400 96 0.16 1.50
6 -0.13 -0.05 1. 16 0. 855 846 1.098 95 1. 160 00 0.19 1. 80
7 -0.14 -0.04 1.20 0. 840 326 1.078 13 1.260 59 0.15 1.83
8 -0.15 -0.03 1.23 0. 839 486 1.35187 1. 35096 0.17 1.49
9 -0.16 0. 06 1.25 0.838 135 1.311 05 1. 128 36 0.15 1. 46
10 -0.07 0.09 1.26 0.926917 1.260 00 1.198 95 0.15 1.47
11 -0.06 -0.07 1.27 0.935 058 1.33105 1.391 64 0.15 1.81
12 -0.05 -0.06 1.12 0.937 688 1. 120 00 0.998 13 0.21 2.30
13 -0.04 0 1.14 0. 945 846 1.078 95 1.079 07 0.16 2.30
14 -0.03 0. 05 1. 15 0. 959 486 1.028 13 1. 150 00 0.15 1.48
15 -0.02 0.12 1.16 0.972 546 1.281 87 1.220 59 0.16 1.48
16 -0.01 -0.13 1.17 0.982 546 1.048 13 1.109 41 0.15 1.87
17 0 -0.06 1.18 0. 989 486 1.301 87 1. 180 00 0.23 1.42
18 0. 06 0 1. 19 1. 045 850 1.251 05 1.25093 0.15 1.48
19 0.07 0.14 1.20 1. 057 690 1.200 00 1.321 87 0.15 1.43
20 0.08 0.15 1.21 1. 075 060 1. 14895 1.088 36 0.16 1.58
21 0.09 -0.05 1.22 1. 086 920 1.220 00 1.281 05 0.18 1.46
22 0. 10 -0.06 1.23 1.098 130 1. 168 95 1.351 64 0. 14 1.51
23 0.11 0 1.16 1.099 490 1.038 13 1. 039 04 0.17 1.47
24 0.12 0.11 1.20 1. 100 330 1.321 87 1. 139 41 0.16 1.52
25 0.13 0.09 1.24 1. 115 850 1.301 05 1. 240 00 0. 14 1.52
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