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Abstract: Forward kinematics of the near singular position of the Stewart parallel manipulator based
on the Newton method or quasi-Newton method are not converge; Newton downhill method is time-
consuming, sometimes. To resolve the situation, a method of applying the step-adjusting Newton
method to a parallel manipulator is proposed. Firstly, the process of forward kinematics of the Stew-
art parallel manipulator based on the step-adjusting Newton method was designed. Then, the fewest
iterative steps in the forward kinematics of sixty-four kinds of utmost poses was used as the objective
function. The initial values of the step matrix and geometric parameters were taken as design variables

by genetic algorithm to obtain the optimal values. Numerical examples show that when the absolute
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error of the rod length was set as 0. 01 mm, in solving the forward kinematics of sixty-four kinds of utmost

poses, the Newton method or quasi-Newton method did not converge on six kinds of utmost poses. The New-

ton downhill method takes longer than 2. 0 ms on ten kinds of utmost poses, while the time taken by the step-

adjusting Newton method was less than 2.0 ms. The step-adjusting Newton method provides theoretical

guidance for the forward kinematics of the Stewart parallel manipulator in real-time occasions.

Key words: forward kinematics; Stewart parallel manipulator; step-adjusting newton method; step-
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Tab.1 Input and output information of GUI

Parameter Specification
Fitness function F([ ], W)
Number of variables 7
Population size 200
Initial range [0.7;0.8]
Final iteration 160

Stop criteria Fitness limit
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0.778,0.923] 0.733
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Fig. 5 Optimization process of fitness value
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Tab. 2 Five kinds of random poses

No. 4L Ly Iy Ly ls ls
1 1570.1 2005.7 1480.0 1734.5 1439.6 1962.5
2 2053.6 1570.7 2011.8 1438.2 1652.3 1934.4
3 1430.3 2036.2 1698.1 1912.0 1525.5 1967.1
4 2020.7 1607.3 2088.6 1979.8 1951.2 1861.6
5 1943.2 1437.2 1937.6 1881.1 2002.0 1811.0

3 AMEBEZERTHREE

Iterative number and time of four kinds of method

Tab. 3

Project 1 2 3 4 5

Iterations 19 14 20 11 13
1.1 0.6 0.9 0.5 0.6

Newton method )
Time/ms

Iterations 13 16 12 12 12
1.7 1.0 0.7 0.9 0.7

Quasi-Newton

method Time/ms

Iterations 19 14 20 11 13
3.2 0.9 1.0 0.5 0.6

Newton

downhill method

Time/ms

Iterations 16 13 18 10 12
1.3 1.0 0.9 0.7 0.8

Step-adjusting

Newton method Time/ms
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Tab. 4

Iterative number and time of Newton downhill

method and step-adjusting Newton method

Newton  Step-adjusting
Project downbhill Newton
method method
Iterative steps of the kinds of
1476 1052
utmost poses
Time of 64 kinds of
108.393 ms  55. 322 ms
utmost poses
Maximum number of iterative
124 28

steps of one pose

Maximum duration of one pose 20. 268 ms 1. 862 ms
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Tab. 6 Iterative number and time of different algorithms
Pose Newton method Quasi-Newton method  Newton downhill method Step-adjusting Newton method
Iterations Time/ms Iterations Time/ms Iterations A Time/ms Iterations [A] Time/ms
T, 1 000 44, 308 18 0. 544 124 415 16. 646 17 10 1. 131
T, 14 0.616 1 000 40. 659 32 34 2.410 14 2 0.721
T. 13 0. 567 1 000 27.423 11 2 0.568 12 0 0.548
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Tab. 7 Iteration process of step-adjusting newton method of T,
) Pose I FCTo |l Max(AL)
Iterations , [A]
o/ (°) B/ v/ (9 T /M Yo /MM %./mm /mm?® /mm
1 0 0 0 0 0 1574.38 2875 590.40 (4] 332.500
2.0 13.53 —19.85 9.98 970. 69 540.01 1613.40 3 620 099. 45 [A] 589. 102
2.1 —4.66 —4.67 —1.04 —152.73 —177.43 1 320.89 3598 172.93 (A ]xW 677. 874
2.2 —4.74 —9.20 5.97 545.95 393.41 1 690.42 2301 617.13 WERA 447, 331
3 —15.74 —23.54 6. 25 961. 36 296.15 1404.71 1 892 025. 83 (2] 434.910
4 —19.21 —29.55 6.41 728. 60 283.57 1428.20 954 635.75 (A ] 242.208
B) —20.54 —32.71 9.52 584. 28 353.08 1435.19 515 096. 35 (%] 124. 453
6 —22.04 —33.60 11.68 483. 56 361.17 1444.80 220 940. 69 [A] 47. 363
7 —23.03 —33.80 12.71  441.96 351.10 1 448.25 85 674.94 (4] 13.531
8 —23.49 —33.79 13.13 427.71 341.74 1 450.60 31 448. 03 (A 4. 845
9 —23.67 —33.75 13.25  424.28 335.95 1451.90 10 950. 78 (4] 1. 940
10 —23.71 —33.73 13.27 424, 22 333.27 1452.41 3 623.77 [A] 0. 639
11 —23.72 —33.73 13. 27 424. 67 332.37 1452.54 1112.03 [A] 0.274
12 —23.71 —33.73 13.26 424.94  332.18 1452.55 311.31 (%] 0.070
13 —23.71 —33.73 13. 26 425.03 332.17 1452.54 87.97 [A] 0.014
14 —23.71 —33.73 13. 26 425.04 332.19 1452.53 30. 21 [A] 0. 005
EARAS BP0 E S S5 L SRR A .
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