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Forward Kinematics of 3 — PPR Parallel Mechanism Based on

Improved Ant Colony Algorithm

Wu Xiaoyong Xie Zhijiang Song Daiping Liu Fei Luo Jiufei Mao Bingyan
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongging 400044 , China)

Abstract; Based on the screw theory, the degree of freedom of the 3 — PPR parallel mechanism was
computed, also the kinetic characteristic was analyzed according to its structural features, and the
integrated inverse kinematics was established based on the analytic method. In order to solve the problem
of parallel mechanism forward kinematics, this paper proposed a method that translated this problem into
objective function optimization, and also built its mathematical model. By improving the basic ant colony
algorithm effectively, an ACA was developed for solving the continuous optimization problem. Then this
method was used to solve the forward kinematics problem of the 3 — PPR parallel mechanism, and it was
put into simulation by Matlab. Compared with traditional numerical method, this improved ACA was
better at global optimization, and it could avoid the unfavorable effects caused by initial values, so did
the local optimal values, also the calculation process will be much simpler without solving the Jacobian
matrix and its inverse matrix. Then it is proved that this method is useful for solving the forward
kinematics of common parallel mechanisms.
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Tab.1 Results of improved ant colony algorithm

. x y (4

e HARMA/mm 3 H{H/mm 2 ) iR 2% HARfE/mm 5/ mm faxfiRze  HEME/(O)  HHEAE/ () 76 % 1% 22
1 10 10. 000 1 1x10°° 15 15.002 4 1.6 x10°* 5 4.999 5 1x10°*
2 10 10. 000 8 8 x10°° 20 19.999 6 2.0x10°° 10 10. 000 2 2x10°°
3 15 15. 000 3 2x10°° 15 15. 000 4 2.7x107° 10 10. 000 0 0
4 15 15. 000 0 0 20 19.9972 1.4x10°* 15 15.000 8 5.3x10°°
5 20 20. 000 8 4x10°° 15 15.000 7 4.7x107° 10 9.999 9 1x10°°
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15 15 10 20.022 5 1.13 x10 73 30.037 8 1.26 x10 73 14.9832 1.12x107?
15 20 10 19.999 2 4.00x107° 30.001 1 3.70 x10 ~° 15.000 0 0

i 1.2 XF e n] %0, Newton — Raphson #4411
45 B 200 U (B RS W 8, 00 L P AN TR H 45 A5 3
A2 Tl 25 AR K5 SR AR SR S 1 ek R AR, T
E G ) 4 (X T 5 2R A R, DA A5 2 B A R
N REN AN

6 ZEFRIF

) R 18 SRR B30 05 R AT SR I IR ML A 1) T i 19

AR LA IR BEUEL Ak D H A ol B0 o 0 1 ) AL, s T 1
PIE e O TSR S5 R A R0 o JO 7 K i HE T Ee A [
SRR A A R AR . R 4 SR 4R
R TR R A G & 0 J5 3k, B0 T 5 0 fe 0 (B 1Y
PR o AT ik AT LA ok At I B AL A o7 I A
HA R &

& % x Wt
U, 20, X, 55, 6 Bl BRI LS AR RO BE [J]. T MO 4: 2%, 2012, 42(6) : 1563 - 1568.

Xie Zhijiang, Li Cheng, Liu Nan, et al. Determination of inverse kinematics of a 6 — DOF installing-calibrating robot[ J]. Journal



344 P A1 R A S 14 20154

10

11

13

14

16

17
18
19
20

21

22

23

24

of Jilin University ;: Engineering and Technology Edition, 2012, 42(6): 1563 - 1568. (in Chinese)
BefR. “HEREJCREMOT]. Wot St AUk, 2003, 40(9) : 2 -3.
Xiao Chen. Overview of national ignition facility[ J]. Laser & Optoelectronics Progress, 2003, 40(9): 2 —3. (in Chinese)
XU/, WEAEVL, XUAH, 5. —FOGHLIE doR s A B A Bt SR (1] T EPLACL AR, 2010, 21(2) : 146 - 150.
Liu Xiaobo, Xie Zhijiang, Liu Nan, et al. Design and research of an assembly facility for opticmechanical module for cleaness and
precision[ J]. China Mechanical Engineering, 2010, 21(2): 146 —150. (in Chinese)
WL, BOKAE, BEA. RS RN M. dbat: R ECE HAL, 2006.
Dasgupta B, Mruthyunjaya T S. The stewart platform manipulator: a review[J]. Mechanism and Machine, 2000, 35(1): 15 —40.
M, XUENE, JRRT 5. HIRHLR L& LA AT [T]. P92 B R 4R, 2010, 26(3) : 277 - 281.
Ji Ye, Liu Hongzhao, Yuan Daning, et al. Research on approach of forward positional analysis of parallel manipulator[ J]. Journal
of Xi’an University of Technology, 2010, 26(3) : 277 -281. (in Chinese)
Gallardo Alvarado J. A simple method to solve the forward displacement analysis of the general six-legged parallel manipulator[ J].
Robotics and Computer Integrated Manufacturing, 2013, 30(1) . 55 -61.
U], Rt , Wk, 5. 6 — SPS IFIRHLIIE 2 2% IE AR — R R AT AL ik [T ], MU T4k, 2010, 46(9) : 26 -31.
Cheng Shili, Wu Hongtao, Yao Yu, et al. An analytical method for the forward kinematics analysis of 6 —SPS parallel mechanisms
[J]. Journal of Mechanical Engineering, 2010, 46(9): 26 —31. (in Chinese)
HEOE, BUSBHE, BIER, 45, —fB 6 — 6 BOF- G IRAUM AL B EMAREE T [T ], DU AR 2E4, 2009, 45(1) ; 56 - 61.
Huang Xiguang, Liao Qizheng, Wei Shimin, et al. Forward kinematics analysis of the general 6 — 6 platform parallel mechanism
based on algebraic elimination[ J]. Chinese Journal of Mechanical Engineering, 2009, 45(1): 56 —61. (in Chinese)
ik, EEE, KR, 4. Tricept Hlas AU AL B IEAPAIFFRIFEELT]. AR, 2008, 39(12) : 174 -177,122.
Feng Zhiyou, Wang Zhiguo, Zhang Ce, et al. Direct displacement solution of the Tricept robot based on ordered single — opened
—chain[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39(12) : 174 —177,122. (in Chinese)
Lee K M, Shah D K. Kinematic analysis of a three degrees of freedom in-parallel actuated manipulator[ J]. TEEE Journal of
Robotics and Automation, 1988, 4(3): 354 —360.
Lisandro J Puglisi, Roque J Saltaren, German Rey Portoles, et al. Design and kinematic analysis of 3PSS — 1S wrist for needle
insertion guidance[ J]. Robotics and Autonomous Systems, 2013, 61(5) : 417 —427.
Rahmani Arash, Ghanbari Ahmad. Neural network solutions for forward kinematics analysis of 2 —(6UPS) manipulator[ J].
Applied Mechanics and Materials, 2014, 624 . 424 — 428.
WEE, BRI —, BRah 8. BE T R AR BRI BESK % 6 — SPS IR LA AL B IE AR [T b utfi 2 i R R 2424, 2002,28(3) .
370 - 372.
Han Xianguo, Chen Wuyi , Chen Dingchang. Method to get the forward solution of a 6 — SPS parallel manipulator based on
position tracking principle[ J]. Journal of Beijing University of Aeronautics and Astronautics, 2002, 28 (3): 370 — 372. (in
Chinese)
T, fids, B, 4. XEFREEHY Stewart PURALE MR FREAE[T]. AU HLIAEIR , 2008, 39(10) : 158 - 163.
Che Linxian, He Bing, Yi Jian, et al. Improved particle swarm optimization for forward positional analysis of symmetrical Stewart
parallel manipulators [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2008, 39 (10). 158 - 163. (in
Chinese)
W, whEE, BRil—. LTI 6 — DOF JRIRMIAL IE 3= IEME [J]. U R0 il R K% 2% ik, 2005, 31(4):
421 -424.
Pei Baoging, Han Xianguo, Chen Wuyi. Solution of direct kinematics of 6 — DOF parallel manipulators using extra sensors[ J].
Journal of Beijing University of Aeronautics and Astronautics, 2005, 31(4) . 421 —424. (in Chinese)
TR, RATTEIM]. B AR RS AL, 2009.
e BE. N TR ARSI IM]. dbnt: E R Tolk i st , 2008.
Andries P Engelbrecht. 3 BERZ REIERL [ M. dbst: AR AL, 2009.
HER D, XUBHEH, BKF, 45, K% TSP [ PREBRE R [T]. AR 23R L% A, 2013, 43(1) : 147 - 151.
Shen Xuanjing, Liu Yangyang, Huang Yongping, et al. Fast ant colony algorithm for solving traveling salesman problem[ J].
Journal of Jilin University: Engineering and Technology Edition, 2013, 43(1) . 147 = 151. (in Chinese)
XD F T O WO S 2 0 WA AR DAL Bt [T ] ARl AR 2= 4, 2006, 37(1) : 149 - 151.
Liu Guoguang. Optimization design of four bar mechanism based on the improved ant colony algorithm[ J]. Transactions of the
Chinese Society for Agricultural Machinery, 2006, 37(1) . 149 - 151. (in Chinese)
R, BE, SIRE. LA R R RS E BT SE[) ] LR, 2003, 13(1) : 21 -22,69.
Gao Shang, Zhong Juan, Mo Shujun. Research on ant colony algorithm for continuous optimization problem[ J]. Microcomputer
Development, 2003, 13(1): 21 -22,69. (in Chinese)
Dero J, Siarry P. Continuous interacting ant colony algorithm based on dense heterarchy [ J]. Future Generation Computer
Systems, 2004, 20(5) : 841 - 856.
G, RAe, A e S ORI IR BON B d B S R R B DT W R DR R A 4 4, 2007,
28(11): 1236 - 1241.
Yang Peng, Liang Lihua, Li Guobin. Application of an improved ant colony algorithm to optimal design of the parallel 6 — DOF
platform[ J]. Journal of Harbin Engineering University, 2007, 28(11): 1236 —1241. (in Chinese)


http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=081239&flag=1
http://www.j-csam.org/ch/reader/view_abstract.aspx?file_no=081033&flag=1



