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Study on robot accuracy based on full pose measurement and optimization
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(1.School of Automation, Nanjing Institute of Technology, Nanjing 211167, China;
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Abstract: With the wide application of robots in high-end manufacturing industry, aerospace, medical care and other fields, the
requirement of the full pose ( position and orientation) accuracy is getting higher and higher. In this paper, laser tracker is used to
measure the full pose of the robot end-effector. A robot accuracy improvement method is studied based on robot geometric parameter
calibration. Firstly, the modified denavit-hartenberg ( MDH ) model of series robot is established. Secondly, an improved crow
search algorithm (ICSA), which generates the initial positions of crows based on quasi-random sequences is proposed to optimize
and calibrate the robot geometric parameters. The mathematical model of the objective function that is used to calibrate the robot
geometric parameters with ICSA is established, and the detailed calibration steps are given. Finally, the Staubli Tx60 industrial
robot was calibrated practically, the results prove that the proposed method can quickly calibrate the geometric parameters of the
robot. After calibration, the average absolute position and orientation errors of the randomly selected test points in the robot
workspace are reduced from 0. 309 6 mm and 0. 232 2° before calibration to 0. 092 6 mm and 0. 082 9° after calibration, and the
accuracy is greatly enhanced. The proposed method is simple and easy to implement, and has high efficiency, strong robustness
and good stability. The proposed method is suitable for the applications where the robots with both high position and orientation
accuracies are required.
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Fig.3 Measurement environment

%1 Staubli-TX60 #1288 A & X LTS
Table 1 Nominal geometric parameters of Staubli-TX60 robot

ESiE a;/mm a,/(°) 0./(°) d;/mm
1 0 0 180 0
2 0 90 90 0
3 290 0 90 20
4 0 90 180 310
5 0 90 180 0
6 0 90 0 70
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Fig.4  Optimization process
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Fig.5 Robot absolute position accuracies before and

after calibration (D,,)
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Fig.6 Robot position accuracy before calibration (D, )
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Fig.7 Robot position accuracy after calibration (Dp, )
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Fig.8 Robot absolute orientation accuracy before calibration (D, )
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Fig.9 Absolute position accuracies of the test points

before and after calibration (D,,)
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points before and after calibration (D, )
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25, HE T 5 20 YRR E R K A R B DR 25 W E
(Avemaxp ) FIARfEZ2E (STDmaxp) |1 26 %07 B % 25 HY
{8 ( Avemeanp ) FIF5 1 2% (STDmeanp ) %8 x i e K48
XF 5 18] 1% 25 9 #4 {H ( Avemaxol ) FIAR #E 22 ( STDmaxol )
KV 48 %68 75 1] 15 2 19 $4 (B ( Avemeanol ) FI b5 #E 22
(STDmeanol ) | 5 y il ¢ K 48 X5 J7 In] % 22 09 ¥ A
(Avemaxo2 ) Fl#RUE 2% ( STDmaxo2 ) Az 3 24 46 %f J7 1] i
Z I {H ( Avemeano2 ) Fl#x 1 22 ( STDmeano2 ) | 48 z 4l
I R 2 % I [a) 1% 22 (9 3 (B ( Avemaxo3 ) I b Ui 2
(STDmaxo3) K- 244 % J5 ) 1 2 1 #4 {8 ( Avemeano3 )
HbRE2E (STDmeano3 ) , AL RUNE 2 fizn, b 7l
T LE#, ICSA [ CSA (IGA K TIPSO 4 R 1 £E DL H 45 o8
Bl (7) Ry /sl S T 7 BE 1 5 R 3k RECH
4 000 FREFAH 2 L AU 2 $iR 22 A A 45 21,
3 PR,
R2 20 RIRELIRENFIEMRAEZE (D))

Table 2 The mean and standard deviation of the absolute

errors for 20 calibrations (D, )

HLE/mm  HE/(°)

FRE R .
ICSA CSA IGA IPSO P
Avemaxp 0.087 7 0.142 7 0.1532 0.0983 0.457 4
STDmaxp 0.004 4 0.036 9 0.0523 0.014 9 -
Avemeanp  0.035 4 0.055 6 0.063 3 0.0394 0.300 6
STDmeanp  0.001 1 0.0110 0.013 9 0.004 0 -
Avemaxol 0.1423 0.2380 0.228 2 0.1648 0.2473
STDmaxol ~ 0.008 2 0.098 7 0.102 3 0.037 9 -
Avemeanol  0.046 6 0.081 2 0.074 3 0.0553 0.1673
STDmeanol  0.003 3 0.024 6 0.022 0 0.011 4 -
Avemaxo2  0.092 4 0.166 9 0.1333 0.0992 0.1913
STDmaxo2  0.016 2 0.053 7 0.037 6 0.031 8 -
Avemeano2  0.042 6 0.074 1 0. 060 9 0.0465 0.1394
STDmeano2 0. 008 8 0.034 1 0.017 6 0.020 2 -
Avemaxo3  0.074 6 0.161 6 0.126 8 0.0732 0.1255
STDmaxo3  0.017 3 0.0669 0.0414 0.0209 -
Avemeano3  0.027 8 0.056 5 0.045 1 0.0318 0.060 2
STDmeano3  0.007 1 0.017 9 0.016 5 0.009 3 -

x3 LASHIREMLER

Table 3 Optimization results of the geometric

H1%¢ 2.3 ] UL, 5 CSA IGA [IPSO #H LL, >R JH] ICSA
s i AL AR AR i 57 5 R 8 25N O0KS JE v, i ELAR
FEVERE, BEDRE SEIALAES AL S HR RS bR E

parameter errors mm
JIRGES UNGVRZS
iRz ICSA CSA IGA IPSO
A6, 0.0115 -0.129 1 0.041 8 0.075 8
Ab, 0.057 3 0.068 0 0.055 6 0.059 8
Ab; 0. 000 2 -0.0717 -0.020 5 0.011 8
A6, 0.045 8 0.209 8 0.017 4 0.075 5
Abs 0.0229 0.065 0 0.008 1 0.012 4
Abg 0.120 3 0.156 0 0.126 9 0.183 2
Aa,; 0.011 2 0.130 7 -0.027 7 -0.057 8
Aa, -0.028 6 0.162 6 0.048 7 -0.017 0
Aa; 0.005 9 0.012 2 0.129 6 0.057 6
Aay -0.028 9 0.301 8 -0.0399 0.096 4
Aas 0.097 6 -0.272 4 0.100 5 -0.038 0
Aag 0.028 6 -0.052 1 0.0350 -0.000 3
Aa, -0.227 8 -0.216 9 -0.217 2 -0.2537
Aa, 0.193 4 0.177 0 0.1823 0.202 4
Aas -0.062 8 0.243 4 0. 066 3 -0.128 2
Aay -0.047 9 —-0.004 6 -0.045 4 -0.034 0
Aas -0.017 6 —-0.064 9 0.005 5 -0.049 4
Aag 0. 068 2 0.197 7 -0.0059 0.049 5
Ad, -0.129 8 -0.3417 -0.066 5 -0.107 4
Ad, 0.065 2 0.402 0 0. 009 2 -0.377 2
Ad, 0.093 4 0.027 3 0.1232 0.1532
Ads 0.048 7 0.0325 0.022 3 0.015 3
Ady -0.038 1 0.014 8 -0.043 5 -0.053 4
AB, 0.005 7 -0.126 5 0.030 4 0.065 8
4 % i

it FEALER AT B L dn e T AL A BRI HLAE
Nl Bl B 7 AR S Sl 1 IO FH 40035 1 e G R, AR S
T BT A 6 S AR A R IR HL AR ARG BE PR Ok,
I A ALEE A LT S0 MDH B8 | [ iR AL g A
At A BN 4 Y TCSA X Staubli TX60 #L#5%
NBEHLZE & I s AT K bR, SEgm s R R, e
J& Staubli TX60 HL#§ A, 7£ T 4E 23 [8] P Bl B 1% £ 1) DU
S R AV RN 38 44 A7 R 25 40 391 Pl s E T Y
0.510 2 F1 0.309 6 mm 43Il & k45 5 J5 19 0. 144 9 Fll
0. 092 6 mm , Ho g 4 0 B2 U8 25 RV 2 46 0P AR 2%
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