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Abstract: Aiming at the slow convergence speed of traditional particle swarm optimization ( PSO) algorithm in
solving the geometric error calibration problem of industrial robots, a two-stage dynamic particle swarm optimization
algorithm ( LDPSO-BT) is proposed. First, the error model of the industrial robot is established by the Denavit-
Hartenberg method, the geometric error calibration problem is converted into the solution of high-dimensional
nonlinear equations, and then the number of particle swarms and the number of particles are linearly reduced in the
algorithm solution process. In the late iteration of the improved particle swarm algorithm, an improved search mode
is used to improve the speed iteration formula of the traditional particle swarm, and then the end positioning
accuracy of the two algorithms before and after the geometric error calibration of the industrial robot is compared by
simulation experiments. The experimental results show that the number of particle swarms has an important influence
on the iteration time. Reducing the number of particles of the particle swarm linearly can effectively reduce the
geometric error calibration of industrial robots. At the same time, the improved speed iteration formula can be used
in the later stage of the particle swarm algorithm to ensure the accuracy of convergence. Compared with the
traditional particle swarm optimization algorithm, using the improved particle swarm algorithm to obtain the
geometric error revision data of the industrial robot can not only effectively reduce the positioning error of the
industrial robot, but also has a more efficient iteration efficiency.
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Tab.1 Nominal geometric parameters of KRS arc robot

ES N a;/mm o /(°) d;/mm 0:/(°)
1 180 -90 400 -160~ 160
2 600 0 0 -180~65
3 120 -90 0 -15~158
4 0 90 620 -350~350
5 0 90 0 -130~130
6 0 0 115 -350~350

%2 KRS arc HIEENJLTSHHRE

Tab.2 Geometric parameters errors of KRS arc robot

%4 i Aa/mm  Aq;/rad  Af/rad  Ad,/ mm
1 -0.07 -0.02 -0.02 0.23
2 -0.05 0 0.02 -0.21
3 -0.02 0.01 0.03 0.24
4 0.14 -0.04 -0.04 -0.12
5 -0.03 0.04 0.03 0.10
6 0.07 -0.01 -0.03 0.23
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Tab.3 LDPSO-BT and PSO experiment results

Tk SR RSN PR /s
PSO 3.71 1.67 164.91
LDPSO-BT 4.20 1.96 95.90
1500F
—— LDPSO-BT
PSO
1000}
=
=
b
500
0 . : . A
100 200 300 400 500
AL
E1 stz
Fig.1 Evolution process
100
—a— X%
—o— Vil
s0f ¢ . A
s ﬁu""\ | A1
E - ."‘ 1/ / A “I
£ \;[| B./:‘l |“-‘\u ,“' 7
A -‘U l‘:‘LJ‘/ Hl )" /
" § A/ [ /) 1 /14 >
= [ \Nf Reb M
= T TIARAY
| »|f i \ f :
a X\ ¢ V
-50 ‘w .
100 ) ) A . . .
0 5 10 15 20 25 30
(DA~ Ee
B2 *MRAEIGIEIRZE
Fig.2  Errors before compensation
.3
0 —a— Xl
—_—— Yffﬂ]
0.2 A gt
-
4
e 01f Aee y
LI A TS
= 1° N Il A
iﬂg 0 \l.| | gl‘l"/l‘l \ /"'"‘\ﬁ,. oo |o Wi
= 71\ w"/’ \/ WA AN i’ o\ 8
i LW X AAY T S
&l ol -°A ‘\Hw- Y AA‘: \ I‘.,.,” /l‘ Y
. { !
-0.2
-0.3 1 1 1 1 ! 1
0 5 10 15 20 25 30

L5
B3 *MERAEIRZE (PSO 77i%)
Fig.3 Errors after compensation (PSO)

03
02}
= Ol
£
e
w0
il
& o1
-0.2
_03 1
0 5 10 15 20 25 30

(oA

B4 iMRE{EIRZE(LDPSO-BT 77iX)
Fig.4 Errors after compensation ( LDPSO-BT)

M 3 AT LIE 1, 514 PSO BiEAM L,
LDPSO-BT 575 Y4338 7 i -5 dpe {3405 o7 88 408 3 A< AH
FZEAK, {H LDPSO - BT %532 78 B O WS SO B2 1) [)
i, AR )80 T 41.85% , 1 LLAT 250l 2 v 440 v
HORES AW &

MAEEL T ] DU PR B i M Sl
PRI, W SIORT E AR Y

NI 2 Hhaf UE Y FEPRE T, XY . Z Bl
KARZELE XS S350 47.1 .51.8 .52.8 mm, HII&I 3 Al
2B PSO HIERE IS, X\ Y. Z Bl e K iR
LA SHEFEAE A 0.14 .0.13.,0.10 mm, MK 4 tha] LA
Fill, 25l LDPSO-BT BkArEfa, X\ Y. Z Sk
PR 0.18,0.18,0.15 mm, A WL bR E
J5 ABSE PSO B M1 LDPSO-BT & 1 ] M i /s
W XY 7§l 1) B A o 07 B35 22, TR B LDPSO-BT
YA 0 = U SIGH R

4 % &

“a

D) ARSCHEH T —Fh#r i LDPSO-BT 5.3, 45 &
FRAERLFHESR L A 26 SRR, R4 B 2 T4k
P, RIS 7E SR 300, o P e A 1 1 0 5K
PEATEAR, 1 LS00 36 W, i 2 B 9 AT LK e 42 T
TALAILAS N 5 7K B, ) I B & 20, P s 1y
e,

2) Tk LA A AR v a8 07 15 22 32 % th T =LA
HEFFSHOR G, 8 1 PR SE bR A LA S
B, AT AR 25 Tl MLEs A GE A HE

3)ARSCHYRIFSE R Tk ML A B 124 2 80 R
BT B T T AL N B el s &
SRS RPER AT BT OGS, LA IR
AR ST IAAE SE R h 12 S HOH R RROR



514 K, A R RESE B Tk LR A LTS8 e

- 13 -

5% Xk

(1]

—
N}
[

—
W
[

—
~
P

—
W
[

(6

[l

[7

[

(8]

JR R, 7N R AL A AR S R 2 MOHAMERF T [ D]
BN . WHLHE TR ,2018

ZHOU Xuwu. Research on static pose error and compensation of six
degrees of freedom serial robot[ D]. Hangzhou: Zhejiang Sci-Tech
University, 2018

CHEN Yonghua, DONG Fenghua. Robot machining: recent development
and future research issues [ J |. The International Journal of
Advanced Manufacturing Technology, 2013, 66 (9/10/11/12)
1489. DOI; 10.1007/500170-012-4433-4

CHEN Gang, LI Tong, CHU Ming, et al. Review on kinematics
calibration technology of serial robots[ J]. International Journal of
Precision Engineering and Manufacture, 2014, 15(8) : 1759. DOI.
10.1007/s12541-014-0528~-1

SKIE IR, FFEE.6 H R EE B HRALER A D-H B8 S5 I
FraE[ )] HLE A ,2016,38(3) :360

ZHANG Xu, ZHENG Zelong, QI Yong. Parameter identification and
calibration of D—H model for 6-DOF serial robots[ J]. Robot, 2016,
38(3): 360. DOI. 10.13973/j.cnki.robot.2016.0360
HOLLERBACH J M, WAMPLER C W. The calibration index and
taxonomy for robot kinematic calibration methods[ J]. The Interna-
tional Journal of Robotics Research, 1996, 15(6) . 573. DOI. 10.
1177/027836499601500604

VEITSCHEGGER W K, WU C H. Robot calibration and compensa-
tion[ J]. IEEE Journal on Robotics and Automation, 1988, 4(6) :
643. DOI: 10.1109/56.9302

GROTJAHN M, DAEMI M, HEIMANN B. Friction and rigid body
identification of robot dynamics[ J]. International Journal of Solids
and Structures, 2001, 38(10/11/12/13) ; 1889. DOI; 10.1016/
S0020-7683(00)00141-4

WANG Weidong, SONG Huajian, YAN Zhiyuan, et al. A universal
index and an improved PSO algorithm for optimal pose selection in
kinematic calibration of a novel surgical robot [ J]. Robotics and

Computer—Integrated Manufacturing, 2018, 50 90. DOI; 10.1016/

j.rcim.2017.09.011
(9] poards, SEMs . BT R RO SR LS Nig 3 2 b5
FETT[T]. HLBR TR A4, 2016, 52(7): 23
FANG Lijin, DANG Pengfei. Kinematic calibration method of robots
based on quantum-behaved particle swarm optimization[ J]. Journal
of Mechanical Engineering, 2016, 52(7) : 23. DOI. 10.3901/JME.
2016.07.023
[10] E, 224k, Windss, 55, PIgiTH Rt 52 A BE AR AL i) B kL 1
REOCALEIL[T]. AR, 2010, 37(3): 191
WANG Qin, LI Lei, LU Chengyong, et al. Average computational
time complexity optimized dynamic particle swarm optimization
algorithm[ J]. Computer Science, 2010, 37 (3). 191. DOI. 10.
3969/j.issn.1002-137X.2010.03.046
[10] st Tk AL A 7E i 22 I b 55 S Ik 42 1AM BRI R
[D]. R RHKY,2016
SHI Xiaojia. Research on online error measurement and real-time
control compensation technology for industrial robots[ D]. Tianjin;
Tianjin University, 2016
[12]ENGELBRECHT A P. Fundamentals of computational swarm intelli-
gence[ M]. New York: Wiley, 2009
e, BREIML, A2 AL — AR S8 SR L R O AL Bk
[J]. EHLTAR SR, 2008, 44(1) : 14
LI Hongliang, HOU Chaozhen, ZHOU Shaosheng. High efficient
algorithm of modified particle swarm optimization [ J]. Computer
Engineering and Applications, 2008, 44(1). 14. DOI. 10.3778/
j.issn.1002-8331.2008.01.005
[14]SHI Yuhui, EBERHART R C. Empirical study of particle swarm
optimization[ C]//Proceedings of the 1999 Congress on Evolutionary
1999

[13]

Computation. Washington DC:
1945-1950. DOI; 10.1109/CEC.1999.785511
[15] GAO Guanbin, LIU Fei, SAN Hongjun, et al. Hybrid optimal

IEEE Computer Society.

kinematic parameter identification for an industrial robot based on
BPNN-PSO[J]. Complexity, 2018, 2018: 4258676. DOI. 10.
1155/2018/4258676

(%&E # W)



