%36 % 4 2 M hOE HL A TR Vol.36  No.2
2025 4F 2 A CHINA MECHANICAL ENGINEERING pp.294-304

HL T 22 R Rl e ML AL B R Tl AL A
1B g SRR T ik

FAEH X EH FERMAET xKkF!
1.k v KFEZEHAFE TE£FR.. 4110870
2. P EMFRLE AN RIINBEAFERE S EHE,%M,110016

FE A (DBO) LA T U MBABNFAHAFLIR P AEN LR E BRI L
BN AP R BEAR EARE AL R T — A A T A IFHBHAR(LPOE) 2 3) A A 69 % K uk fk & 2L 3L
W H % (MSFDBO), £ 5KT LPOE B A 6932 ) 3 A H PR A ; R G R Plecewise # ik B 4
Fo ok S Be) F 3] Rk BEAT AP BEATAEAL AT B 5 A B A3 A WA N B B IR R AT L2 & DBO ik
AR ERA BT MMKLSHIF T RIEEECE,® Y DBO F AN B RMLGTAEME, A nlXH
AR R 12 AR R R A MSFDBO H kw938 A Akt T R0 . S RAMZ A XL AR
W FRIEEL, x4 & T6A-19 B T AR AW B F AHIETHRFAMERIE, LI R AW . 4t
LR T2 Y FTRTHEESHNBEILT 85.47%.83.92%,

KB 18 3 2= S B A8 s WEM 0 A 510 s W 08 Bl 2 2 5 0 JE AR R AT R 5 BEMLARE S AL )

FESES . TP242.2 ;

DO1:10.3969/j.issn.1004-132X.2025.02.012 FA R (R IRAR %) #RIR A8 (OSID) : AL

Kinematics Parameter Identification for Industrial Robots Based on
Multi-strategy Fusion DBO Algorithm

XU Jialu' LIU Xiaonan'® LI Pengchao® LIU Zhenyu'
1.School of Information Science and Engineering.,Shenyang University of Technology,
Shenyang, 110870
2.State Key Laboratory of Robotics,Shenyang Institute of Automation,Chinese Academy of
Sciences,Shenyang, 110016

Abstract: Aiming at the DBO algorithm’s imbalance between global exploration and local exploi-
tation capabilities and low solution accuracy in the calibrating processes for kinematics parameters of
industrial robots, a multi-strategy fusion(MSFDBO) algorithm was presented based on local product
of exponential(LPOE) kinematics model. Firstly, a kinematics parameter identification model was es-
tablished based on the LPOE model. Secondly, Piecewise chaotic mapping and elite inverse learning
strategy were used for population initialization to obtain a more uniformly distributed population, in-
corporating the exploration behavior of the osprey to enhance the global exploration ability of the DBO
algorithm, and expanding the search range through the stochastic perturbation mechanism to reduce
the possibility of the DBO algorithm falling into a local optimum. To test the performance of the algo-
rithm, the search performance of the MSFDBO algorithm was experimentally evaluated using 12
benchmark test functions. The results show that the algorithm performs well in terms of optimization.
The compensation of kinematic parameters was identifed and verified for four T6A-19 industrial ro-
bots. The experimental results show that the mean absolute position errors are reduced by an average
of 85.47% and the root mean square errors are reduced by an average of 83.92%.
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opposition-based learning; osprey exploratory behavior; stochastic perturbation mechanism
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Fig.1 Kinematic parameter calibration system
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BO.MSFDBO 5 i %F L 43 #r. B 3% 2 23 #7 Al
HL,PDBO BILTERE F\ F, . F; . Fs.Fs Fy F
F o, tP i BE A BR i 22/ F DBO 8k (1 41 1 A
UL Piecewise TR W 5 FIRE 95 J ] 2% 2] 9 W& mf
DI S BRI 2 e B R A 1 e R R e T
TERREL F, ', PDBO 8 09 ¥ {6/ T DBO &

B ERE F, M F o, PDBO B3 10 bR 4 22 /)
T DBO &3k, 7E R 8 F o, . PDBO %32 i b i
2% KT DBO &, ODBO BELEREF, ~F,.
Fy Fy Ry B MR AE 2 /N F DBO 535 (19 46 K
{8, B HIFE DBO 5k o] A 8 3R R 17 0 fldE
R AT DU 4 R 4 R AR T L T R R R Y
YER 1 AR e P AL SR EL F o, ODBO Bk 1
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PR 2 g K T DBO 53k, fE R %L Fo, ', ODBO
BYE AR ME 228 T DBO S, TE R Fop
ODBO % S 6E J1 22 T DBO H k. RDD-
BO BiLkEREF, ~F .Fy . Fy Ml Fy, P 341ME
FbRE 22 /N T DBO 5H %, U W78 DBO 5 kv 5]
A BEVLAE S AL 7E 2 AT B A B i 2/ IF &
fie 1 AR ACE W BT BP0 R AR R 8 T, e
P v B ) W S B XA pR B F o ', RDDBO
BIL AR 22 KT DBO Bk fER%L F o, L RD-
DBO ®. %k W br e 22/ T DBO B3k, 5 DBO &
DAH LG AlA T =R ek g5 vk 1 MSFDBO 55 #E
F~F ., bR S50 SO BE R o 22 45 L DBO 53
A PR T 10 I = T S T Rl B A A
H K J& MSFDBO 5§ MSADBO. MIDBO %
PR T AER By P, = R R AR AE I R
Bt m LR fE R AL F, B, B MIDBO il
MSFDBO 57 e 48 & 2 20 S U 72 R AL F 5
Fi 1 Fy th, MSFDBO % 1Y 1 {8 FATR 1E 22 5 /)N
F MSADBO #1 MIDBO % #; 76 sk ¥t F, .,
MSADBO 5835 (1 34 {8 F A% E 2 5 /1N, Tl MSFD-
BO Bk /N T MIDBO 57k  {H bR 1 2 0% K
F MIDBO B3k skt Fo JFo M1 F, i, =F A
5 B B E FUAR M 25 40 i 1k 20 A [F] 00 48 2O 7
£3 AEHDH

BREL F oo, M RE Y RE 48 R B B SR L L
MSFDBO 53 2 [ bR i 22 e /N s TE R B Foo v, B
4 MSADBO Fil MSFDBO #9% # % %I 318 f ft
fit M MSFDBO 53k (9 1 1 22 fie /I s 75 PR F oy
Hi, LA MIDBO #l MSFDBO $ % 5 45 307 B0
DA 1 MSFDBO B3 1 b5 il 22 Fe /)

2 B RTiR , MSFDBO 8 1% 75 A 7] o8 % RE 5
PR B B S5 1 A ) R R 98 OKS R RO 4R T M T
MSADBO #1 MIDBO % ¥, MSFDBO 5 ¥ °F i
TR R R &R RE T, U0 B R 8L
HERR T RERTE.
42 AEBEREEEMREXLL

¥ DBO 53k | iy fa £ 4k .74 (whale optimi-
zation algorithm, WOA)™ KB AL B B (grey
wolf optimizer, GWO)™ | w4 HL 17 1 {1k 5 3%
(Harris hawks optimization, HHO)Y™ | K J& {f;
AL Caquila optimizer, AO)™ FIRE £ AL &
¥ (sparrow search algorithm, SSA)I! 5 MS-
FDBO H35 HE47T 52 50 6) Lo, 45 Fh 505 1) S 80k
MSEEZ WSCHRL17 JASCHR[25-29 ], % 12 A~ &
Y PR S EAT 30 WOk 37 2 56 I ORI kL
Bt R B AR BB R O 30, e RIEARIR
BT o 500, SEERZE R IR 3,

EHEENKRABER

Tab.3 Benchmarking the results of various swarm intelligence algorithms for a given function
PRI A MSFDBO DBO SSA WOA GWO HHO AO
e Mean 0 1.37 X106 2.39X10°7 4.45X 10" 9.07X10°% | 2,12X10°7 | 4.,11X10 1
' Std 0 7.51X10 % 1.31 X107 1.34 10" 1.65X10° 1.16 X109 2.25X 10102
F Mean 0 4.42X10% 4,09>X10 31 6.16 10! 8.056 X107 6.62>X10 % 7.88X10 6
’ Std 0 1.61 X102 2.24X10% 2.76 X 10" 6.02X1077 | 2.15X10°*8 4.31X10%
e Mean 9.32X107° 7.29X10 4 6.69X10°7 3.84 X101 6.69 <10 ! 2.40X10* 8.18X10°
’ Std 3.02X10°8 1.75X10°° 9.62X10°7 1.80 X101 2.89 X101 4.44 X104 1.60X10*
F Mean 2.61X101 1.27X10°° 3.75X10°! 4.36 X103 2.03X103 1.54 X101 1.08X10#
\ Std 2.95X 101 8.61 X101 2.99 X104 4.80X1073 1.04X10°° 1.30xX10~* 8.68X 1073
F Mean 0 8.28X10 ! 0 0 2.05 0 0
’ Std 0 3.36 0 0 2.57 0 0
F Mean 8.88X 1071 | 8.88X1071¢ 8.88X 10716 3.97 X101 1.03X10° 13 | 8.88X 10716 8.63x10 !
‘ Std 0 0 0 2.03X10°1° 1.73X10 1 0 4,68X10°18
F Mean 0 0 0 0 6.04X<10° 0 0
! Std 0 0 0 0 1.09 X102 0 0
P Mean 1.90X10°3 2.43X101 1.10X 1077 2.16 X102 5.33X10°2 1.23X10°° 3.11X10°¢
8 P - P - N
Std 1.01X1077 1.23X10* 1.74 X107 9.03X10 3 3.08X10 2 2.53X10 ° 5.62X10 °
r Mean 3.07X107% 7.77X107 3.18X10 ¢ 6.56 X 10 * 3.80X 1073 | 3.46X10* 5.16 X10°*
! Std 1.13X10°8 4,77 X101 1.59X 1075 4,51 X101 7.54X1073 3.64X10° 1.24x10°*
F Mean —1.03 —1.03 —1.03 —1.03 —1.03 —1.03 —1.03
1
! Std 5.45X1071 | 6,32X10°10 3.56X10 10 3.75X10°° 2.12X10°8 3.99X 107 2.15X10 1
F Mean —3.86 —3.86 —3.86 —3.86 —3.86 —3.86 —3.86
! Std 2.58X1071% 2.99X10 3 4.30X10°° 1.05X10°2 1.65X10° 5.07X10 3 5.77X10 3
P Mean —1.02X10! —6.61 —1.02X 10! —7.70 —9.25 —5.21 —1.01X10!
v Std 5.83X10718 2.36 1.10X10°° 2.78 2.37 8.89X 10! 2.41 X102
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Fig.3 Layout of the experimental setup
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Tab.4 T6A-19 nominal kinematic parameters for robots

KT i a;/mm a; /(%) d;/mm 0/
1 385 90 0 0
2 600 0 0 90
3 200 90 0 0
4 0 —90 925 0
5 0 90 0 0
6 0 0 92 90

s;=[0 0 1 0 0 0o]*
s, =[0 0 1 0 0 0]"
sy =[0 0 1 0 0 0J"
s, =[0 0 1 0 0 0]"
ss=[0 0 1 0 0 0]"
ss=[0 0 1 0 0 0]"
S = L0 0 0 0 0 0]"

4.3.1 IR UE 4 IE B R A
R A SCRE AR T3 Tl BLAs N LT 2=
B 22 I G N JEE R BN

f= min<i) @Bp. )+ Gpy )P+ Bpa )P (30D
K .op, :a}y Bp. FIHLEE N S BR A B A X T 4 AR
A5 2% 5 j SR 037 R
4.3.2 SRIEELEESHT

W'E MSFDBO 5 ik e KRB T N
3000, Fh BERL X 0 100, £ DBO.GWO, WOA
Ml MSFDBO 4555 vk 2 ARK A 0 3 72 b, AR 44 =X
(30D VB g — W% AR 3 2 v 1) I A 38 7 o 4
{381 MSFDBO 5 2 % 1% 3K g 75 21 1) oF £ (E
i ] DBO.GWO F1 WOA %558 v 5K i 11 pR 8k
(B HEAT X L o S5 O 0 B o B3 22 b o 1B 4
No HE 4 SHraTE FE s B2 S RO R, MS-
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Fig.4 Comparison of algorithmic iteration curves

N TR UEA SR HER A I8 B e SRR 22 R
M HER e DL N A A 25 8] P BE AL EE X 50 4
M. DBO.GWO,WOA Ml MSFDBO 5 i2: B}
B9z 3o ZEAR ZEARAA TR X EHERER . A
[7i) 5 02 BRI 0 2 X 7 B 18 22 18T 5 FT o, X
B 5 rr AR s AT et e A BT AR LR 6.

+ 301 -



R EALAE TR 45 36 % 45 2] 2025 4E 2 A

K5 TA-19HMBAEHESHIFINER

& s

@ EIREPFIRGERITEL

Fig.5 Comparison of absolute position error

identification results

Tab.5 T6A-19 robot kinematic parameter identification results
XA Aw, /rad Aw, /rad Aw. /rad Av, /mm Av,/mm Av./mm
1 —8.84X10° 6.47 X104 —1.72X10* —0.58 0.58 0.49
2 —3.02X10° 7.94X10* 8.94 X101 —0.20 0.16 —0.19
3 2.70X10 1 6.06X10° 4.90X10°° —1.14 0.22 —0.49
4 —1.31X103 —2.92X101 4,92X101 0.30 1.00 —0.07
5 —5.88X10° —7.78X10* —1.62X103 —1.49 2.28 —0.03
6 —5.59X10° —1.74X103 —4.06X10* —0.18 1.80 0.05
tool 4.05X1073 —1.81 X103 1.27X10°2 0.29 2.03 2.99
2.57 ~ kRsE il x6 HIMBEEBRESRITHN
g9 0k T BI%?DBO Tab.6 Statistical analysis of absolute position distance error
g - %%2 S BR | RE | R | RE ¥y 1R 2%
0 PRAE | R/ | BRARR/ || 1R/ | BRI/ | BER/
oK R0 mm % mm % mm %
g FRAER |2.3029 1.3117 1.3750
' DBO 1.1615| 49.56 ||0.3919| 70.12 || 0.4438 67.72
® GWO |0.9140| 60.31 |[0.3350| 74.46 0.3909 71.57
WOA [1.4585| 36.67 [[0.4448| 66.09 0.5110 62.84
MSFDBO|0.6101| 73.51 {/0.1653| 87.40 | 0.2078 | 84.89

S T Bk MSFDBO 55 19 fE i 512 1k
PE ARSI A 4 & T6A-19 AL Tl HL#F A 47
18 ) SRR S X EIRZEAE R IR 7,

K7 MENBANENCERE

Tab.7 Absolute position errors of the four robots

TOA-L9 BT | BKIRZE, | REREE/ B R/ REREALE/ | BWHRIRE/ | RERKE/
LB A S . o . y . y
T 2 HiF 2.0093 1.0886 1.1721
DBO 0.6776 66.28 0.2990 72.53 0.3369 71.26
1 GWO 0.7413 63.11 0.2987 72.56 0.3434 70.70
WOA 0.7770 61.33 0.3455 68.26 0.3861 67.06
MSFDBO 0.5263 73.81 0.1801 83.46 0.2194 81.28
T 5 BT 1.9639 0.8213 0.8793
DBO 0.9672 50.75 0.3103 62.22 0.3589 59.18
2 GWO 0.8735 55.52 0.4434 46.01 0.4739 46.10
WOA 0.9382 52.23 0.4170 49.23 0.4919 44.06
MSFDBO 0.3846 80.42 0.1597 80.56 0.1873 78.70
P 7E il 3.2486 1.7928 1.8650
DBO 0.6090 81.25 0.2617 85.40 0.3087 83.45
3 GWO 0.5154 84.13 0.2394 86.65 0.2687 85.59
WOA 0.6851 78.91 0.2297 87.19 0.2751 85.25
MSFDBO 0.4737 85.42 0.1465 91.83 0.1743 90.65
3 2 HiF 3.2430 1.3552 1.4908
DBO 1.2540 61.33 0.4051 70.11 0.4632 68.93
4 GWO 1.6450 49.28 0.5542 59.11 0.6521 56.26
WOA 1.2292 62.10 0.5390 60.23 0.6066 59.31
MSFDBO 0.6068 81.29 0.1892 86.04 0.2232 85.03

HH 2% 6 A B, XF AL &8 NGB 3 2% 2 B0k AT #h
J& A5 B AT 4 7 B B R 2 0 4 X {E 1Y
E£h, MW= BN RIRZE CE R
107 R A% 22 43 BT MSFDBO . i HE R 25 5 4 11
T AW, R 22 AR ATAY 2.3029 mm J§
% 0.6101 mm, FEAL T 73.51%; F % 22 N
1.3117 mmJE % 0.1653 mm, [EAK T 87.40% ;15
Jr MR 2 M 1.3750 mm J8 £ 0.2078 mm, FFAE T
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