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Abstract; The picking manipulators, as the core component of fresh fruit picking robots, are responsible
for complex tasks such as approaching, grasping, and transferring fruits. The development of specialized
picking arms is a critical research focus in this area. However, position errors of manipulators are
increased by manufacturing tolerances, assembly errors, and joint flexibility. Existing research has
concentrated predominantly on error calibration for manipulators with rotational joint configurations, while
less attention has been devoted to the systematic and dynamic error calibration of specialized
manipulators, such as long-stroke hybrid picking arm. An error calibration method for fruit picking
manipulators was proposed by utilizing machine learning techniques to enhance motion accuracy. Firstly,
an error model of the picking manipulator was formulated based on its geometric configuration,
establishing the relationship between system parameters and terminal pose errors. Redundant parameters
were subsequently eliminated via orthogonal triangle decomposition. To minimize the influence of system
errors on motion accuracy, system parameters were identified by using the least squares method, while
dynamic errors were predicted via a back propagation neural network. Finally, systematic and dynamic
error compensations were implemented through an inverse kinematics error compensation framework.
Simulation results indicated the average error identification accuracy of this method was 89.985% , and
determinant coefficient R> was 0.950. Physical experiment demonstrated that, after compensation, the
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average position error and root mean square error were reduced to 0.486 mm and 0.395 mm,

respectively, while the average attitude error and root mean square error were reduced to 0.395° and

0.328°, respectively. The proposed method thus significantly enhanced the motion accuracy of picking

manipulators.

Key words: apple; picking robot; manipulator; kinematics calibration; systematic error; dynamic error
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Tab.1 Simulation parameter settings of apple

picking manipulator
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Fig.4 Error compensation test of picking manipulator
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Tab.2 Simulation identification results of apple

picking manipulator

o 24 B8 17 B s 24 28 17 3K
A FELHY A el
a,/(°)  90.011 90.032 |/d;/mm  0.300 0. 308
/() 0. 049 0.028 |/dy/mm  300.100  300.005
/(%) 89.010  90.024 |[ds/mm  100.407 !
a;/(°)  —-87.983 —-89.984 ||d,/mm  166. 970 !
a,/(°)  90.023 90.020 |/ ds/mm  103.470  103.721
as/(°)  -0.004  -0.005 ||d¢/mm  126.980 !
ap/mm  122.520 123.017 ||6,/(°)  90.020  89.988
a;/mm  138.464  139.269 ||6,/(°)  0.025 !
a,/mm 0. 164 ! 6,/(°)  0.027 0.015
ay/mm 0. 464 ! 6,/(°)  90.036  90.049
a,/mm 0. 505 0.885 ||6s/(°)  0.037 0. 055
as/mm 0.505 ! 6s/(°)  0.037 0.031
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Tab.3 Identification results of different identification

models
{7/ mm BE/(°)

M R /%

%l\,fz*% . nmea” ’ Pm(‘(Lll PTWINL‘ Pnu'(m PY mse
MRS Y 6.303 4.192 3.752 2.884
24 ZHAE A 86.348  0.737 0.501 0.562  0.402
17 B 89.985  0.549 0.416 0.473  0.393
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Fig.6 Position and attitude errors of different models
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F#AIK 9. 406% FN 2. 118% , 1 25 W 4% 5 AU 4 5 7,
BPNN SE A4t 28 0 (8] A0 5. > WL e sh 25 1R 244
TIREAY M2 IS IR 22 B/, A G IR R IR 25, 17
WER P, P, 53 iFEA% 89. 259% F189. 647% ,
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Tab.4 Compensation results of different compensation

WNE 6 iR, 7E R G iR ZEAMES DUV 1907 &
TR WA, R 17 SEERIAME IS | DL 1Y
BRREBLT 24 SHOBRVAAMETTRTAL, Ktk
TURSE RN I R G IR 2 AMELE R, KBk
TURZEUG ReH = DU I AMEERG B2, HodR /) —5fe
R BOPHRHLUE 1) R G IR 2 RS HLUE 2
SRR
2.2.2 fiEAE 2

TERFIALME 2 80U 8, LS M EKF /1Y
Ny T 9 N 89.985% F1 88.394% , H: v A1 It T

methods
i 88/ SO
mean P rmse P mean P rmse
M 6.303 4.192 3.752 2.884
EKF 0. 606 0. 425 0.586 0.455
LS 0. 549 0.416 0.473 0.393
RBF 0. 766 0.520 0. 676 0. 484
BPNN 0.677 0. 434 0. 624 0. 461
EKF + RBF 0. 601 0.413 0.554 0.416
EKF + BPNN 0.537 0. 348 0. 444 0. 344
ARSI 0. 464 0.311 0.389 0.292
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Fig.7 Position and attitude errors of different

compensation methods
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Tab.5 Identification results of apple picking manipulator

2R Bl ZH HE || S8 A
Aay/(°) 90.041 || ap/mm  123.024||d,/mm 0. 370
Aa;/(°) 0.044 | a/mm  139.282||d,/mm  300.000
A, /(°) 90. 026 | ay/mm ! dy/mm 1
Ay /(°)  -89.986 || a3/ mm 1 ||dy/mm 1
Aoy /(%) 90.020 | @y/mm 0.881 |/ds/mm 103. 695
Aas/(°) -0.005 || as/mm | dg/mm |
6,/(°) 89.987 || 6,/(°) 1o[6s/(°) 0.015
0,7(°) 90.050 | 65/(°) 0.065 [|6s/(°) 0
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Tab.6 Measurement results of different compensation

methods
s R FLEL BEO)
P mean P rmse P mean P rmse
MR 5.758  4.268 3.480 2.395
REREAME 0.593  0.454 0.465 0.363
ARICTT 0. 945 0.486 0.395 0.395 0.328
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Fig.8 Position and attitude errors of physical measurement
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