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Fig.9 Schematic diagram of wMPS accuracy measurement experiment
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Table 5 Single-point measurement error of wMPS

wMPS il ik A i
W

X/mm y/mm z/mm
1 -3595.56 | —1631.87 -13.97
2 —4466.10 | —1352.49 -22.54
3 -7580.95 -117.20 —27.24
4 —-8271.32 1151.58 -32.67
5 —7361.20 867.95 -32.16
6 -2318.75 -751.01 —-13.57
7 -1956.07 741.44 —18.54
8 -3309.36 1297.72 —27.95
9 —4684.14 1751.89 —33.15
10 -5975.07 2172.71 -34.47
11 ~7389.94 2079.74 -1161.99
12 —7996.17 —656.70 —1148.98
13 —7041.22 63.47 —1148.48
14 —6555.18 132491 —-1155.77
15 —5945.25 2940.81 -1156.83
16 -5519.91 391.53 —-1152.38
17 -6112.06 -1807.34 | —1147.79
18 —4523.14 | -2395.44 | -1142.20
19 —4238.32 | —1326.54 | -1143.94
20 —-3796.70 677.07 —-1151.34

dx/mm dy/mm dz/mm e;/mm
—-0.14 0.02 —0.11 0.18
-0.09 0.1 0.03 0.14
0.08 -0.14 0.06 0.17
0.07 0.00 -0.03 0.07
—-0.08 0.03 —-0.09 0.12
—-0.06 —-0.06 —-0.08 0.12
-0.15 -0.05 —-0.02 0.16
—-0.12 0.01 0.11 0.16
—-0.09 0.13 0.11 0.19
0.07 0.16 —-0.12 0.20
-0.13 —-0.06 0 0.14
-0.06 -0.05 0.01 0.09
—-0.07 —-0.03 -0.01 0.07
0.05 -0.03 0.05 0.08
0.10 0.01 0.07 0.12
0.02 0.12 -0.03 0.13
0.07 -0.20 —-0.02 0.21
-0.09 0.10 0.04 0.15
0.18 0.03 0.07 0.20
0.05 0.07 0.01 0.08
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Table 6 Data analysis of open-loop motion

maximum error mm
Jila] 15% | 25% | 45%
X(Em) 8.54 54.87 71.62
Y (fiica) ) 6.30 91.45 117.62
K71 FAREHRAZHEES T
Table 7 Data analysis of maximum force
during open-loop transfer N
J7 Il 1 5% ([28%E |35%F (48%
X(JE) | 183.1 | 213.8 | 222.0 | 256.0
Y(fii) | 5592 | 222.7 | 197.7 | 517.6
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Table 8 Data analysis of closed-loop motion

maximum error mm
J7' 1] 15% | 25%& | 484
X (&) 3.13 2.19 327
Y (fitim) 3.55 3.36 2.99

x99 HARSHRAZHEIRESN
Table 9 Data analysis of maximum force
during closed-loop transfer N

J7 1]
X (&)
Y(ffiirm)

1 5% | 25% | 355 455

191.8 | 271.7 | 256.7 | 262.9

224.5 | 280.5 | 2854 | 262.5
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Fig.12 Motion error of each AGYV in closed-loop unloaded condition
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Research on Multi-AGYV Collaborative Transportation Technology Based on
Light-Field Positioning and Fuzzy PID Control

YANG Linghui', YAO Junxi', LIU Siren’, YE Xia’, WEI Lai', XING Hongwen’, ZHU Jigui'
(1. Tianjin University, Tianjin 300072, China;
2. Institute of Aeronautical Manufacturing Technology, Shanghai Aircraft Manufacturing Limited Company, Shanghai

[ABSTRACT]

200436, China)

An automated cooperative transfer method based on "light-field" for multiple automated guided vehicles

(AGVs) is proposed to address the coordinated transfer of large aircraft sections. Utilizing laser measurement and control
strategies, the method aims to enhance assembly efficiency and precision in aircraft manufacturing. First, a workspace
measuring and positioning system (wWMPS) is used to acquire real-time position and orientation data of each AGV, and a
kinematic model of the transfer system is established to determine motion error. Next, combining fuzzy control with PID
control, a fuzzy PID control algorithm adaptable to complex industrial environments is designed to adjust AGV cooperative
motion errors in real-time, ensuring high-precision coordinated transfer. Experimental results indicate that the fuzzy PID
control significantly improves the motion accuracy and load balance of the multi-AGV system under both unloaded and
loaded conditions. Compared to open-loop control, the closed-loop approach maintains error within £ 10 mm, reduces the
average load on positioning actuators by over 30%, and limits the maximum load to within £300 N. Additionally, dynamic
adjustments of transfer tooling during the entire process effectively prevent potential section damage due to excessive
force. This study provides technical support for the construction of flexible assembly lines for domestically produced large
aircraft, showcasing substantial application value and potential for broader adoption.

Keywords: Workspace measuring and positioning system; Automated guided vehicle; Pose calculation; Fuzzy PID control;

High-precision collaborative transportation
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