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A Particle Swarm Optimization Method for Fitting the Posture of Aircraft
External Wing Docking
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(1. College of Mechanical and Electronic Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016,
China; 2. State-Owned Wuhu Machinery Factory, Wuhu 241007, China)

Abstract: A particle swarm optimization method based on feature point constraints is introduced, for fitting
the posture of aircraft wing docking. The method is used to solve the problem of large posture fitting errors
during wing docking and improve the wing docking accuracy. First, a spatial coordinate system for the
docking of the outer wing is established. And the reasons for the position error and attitude control points of
the outer wing as a moving component is analyzed. The key points to reduce the error is worked out. Second,
the least squares method is used to calculate the posture adjustment parameters. And a suitable objective
function and mathematical model is established by analyzing the constraint conditions of the feature points.
Once again, the particle swarm optimization algorithm is introduced to optimize the posture adjustment
parameters calculation. The parameter accuracy is improved, and thereby posture fitting errors is reduced.
Finally, the feasibility and effectiveness of the proposed method are verified through experiments.
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Fig.1 Operation flowchart of aircraft external wing dock-

ing system
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Fig.8 Schematic diagram of global optimal solution

selection
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Fig.9 Flowchart of the particle swarm optimization algo-

rithm
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Ry 95 R A SORLF-REA A SRR A 380k, A SCs |
AT Powell 55 2 Fi 4= i 1 A 50 #4705 2 50 00E .
A SORLF R AT L ) 1R AL S 8000 L3R 1.

CL A4 Jay A b 22 B0 o A bR R I L ST S
BObRME(E [ —2 345.341, —1 342.334,1 352.347,
0,0,0], Z83F 380 J7 ik By X b3 HIE | AT 75 5 06 25 2R
W2,

HRAE 2R 2 AT 0, A SRR AL S LA R
RS I B, 22 AR AR 1 B P B S U [0.002 1,
0.002 9, 0.002 7] , i€ % Z % K [6.329¢—4,

Rl KWFEEEALSH

Table 1 Particle swarm optimization parameters

[UECH 2 B fE

BRI 1 000
2 HF ey, 0] [2,2]

A 0.6
REHLEL )7, ] [0.5,0.5]

HElo), 0, 0;,0,] [0.2,0.2,0.2,0.4]

5.998e—4,6.637e— 5], fi 2= 4 XHE Y M B /NG,
HH AR SC R 1 B B R B A R

x2 MRFAESHEEENE

Table 2 Absolute deviation values of pose adjustment parameters

{345 0 55 0 25 5 X6 PRZRmn RS8/C)
AY AZ €, €, [
Powell 8 & 0.004 5 0.003 8 0.002 8 8.234e—4 7.464e—4 9.337¢e—5
ARl g AR R 0.004 9 0.003 4 0.003 9 8.921e—4 8.363e—4 9.288¢e—5
BT REA AL 0.002 1 0.002 9 0.002 7 6.329e—4 5.998e—4 6.637e—5
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Fig.10 Equipment structure diagram
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Table 3 Pose reference points
7 23 HE 13 /mm X fih Y il Z i

1 2023.47 234456 —1102.43
2 2123.88 237590 —1163.11
3 4366.73 2478.56 —1146.62
4 4 358.73 2483.49 —1147.99
5 5633.56 2485.56 —1165.84
6 5733.68 247487 —1158.43
7 6479.47 2507.34 —1167.34
8 6593.33 2575.36 —1178.54

2500, 258 0.2 B IEA R 22, IS & R
S5 1 I ORS BE T RE R R 2 . SEI R EAT 50K,
BOP S EAE D REE R e R E 4, R4
AL A SO L AE A % 28 b A B R 2 43 0
0.145.0.172 #1 0.241 mm, £ J& 1 2= 1 K 0.005° .
0.007°F1 0.013% A 3L U7 :45 B 1Y 6 148 S 80 45 R Xt
L At T b Oy 3 T A . A AR S
L HEAT 50 YK, XF 3 B Oy ik i AT bR E AR 25 0 B A
F K5,

x4 NRPABRSHMEERIL
Table 4 Comparison of pose adjustment parameter cal-

culation results

NI " e . /N
mamgsy Lo e Ooh o X
) - AX 200 200.562  200.478  200.145
{E%iﬁ/ AY 100 100.368  100.384 100.172
AZ —200 —200.367 —200.394 —200.241
- €, —5 —5.013 —5.019 —5.005
’ (5 €, 5 5.015 5.021 —5.007
€. 5 5.025 5.015 —5.013

Y 2 5 A, 78 50 IR S5 5 v, 3 vk B IR A
YR B B RO A B R 5 50 YR 2 Y I 22 1R
AN BRUE2EHBAE 0.1 LA, R WA SCH4R 1y O vk A
AR YRR E 1
5.2.2 IEEMAEHLEEH

HRAE KA BT 2 (1 T 25 Bk, CHLAN LA
BRI 2 0.5 mm LN, 223 L R A

K5 NERBAESBmEE

Table 5 Standard deviation of pose adjustment parame-

ters
i 22 P H 2 B — ik /TR RSO
AX/mm 0.000 5 0.000 3 0.000 2
AY/mm 0.000 6 0.000 8 0.000 4
AZ/mm 0.000 3 0.000 5 0.001 1
e,/ (") 0.029 0.041 0.026
e,/ (") 0.016 0.026 0.021
e./(%) 0.063 0.093 0.062

TG 4 # B9 # JEE i 22 5 245 A2 20.02° LA, 4b
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Fig.12 Coordinate deviation in the X-axis of the attitude ad-

justment reference points
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Coordinate deviation in the Y-axis of the attitude ad-

Fig.13

justment reference points
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Fig.14 Coordinate deviation in the Z-axis of the attitude ad-

justment reference points
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Table 6 Absolute values of average errors of external

wing feature point parameters

FRAE S HL U /)N .

ol 3

B I L S o
BEA/(C) 0.010 0.011 0.003
R/ 0.006 0.008 0.004
Jati /() 0.017 0.014 0.008
AN

E RS 0.132 0.157 0.046

A4 B B /mm
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