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Construction Method of Tractor Transportation Operation Condition
in Hilly Areas Based on IPSO — K-means

Zhou Rundong'®>  Lu Zhixiong' Zhou Zhiru> Su Chao’ Deng Xiaoting' Kong Xiangfeng” Chen Lei’
(1. College of Engineering, Nanjing Agricultural University, Nanjing 210031, China
2. College of Locomotive Vehicle, Nanjing Vocational Institute of Railway Technology, Nanjing 210031, China)

Abstract. In order to construct a standardized operation curve that can truly and comprehensively reflect
the transportation conditions of tractors in hilly areas, a tractor’s transportation condition construction
method was proposed based on the integration of the improved particle swarm optimization algorithm
(IPSO) and K-means. The research firstly conducted kinematic fragment decomposition processing on the
collected raw operation data, selected the characteristic parameters that can represent the tractor’s motion
characteristics, and constructed a multi-dimensional feature matrix for quantitative analysis. Principal
component analysis (PCA) was adopted for data dimension reduction processing. The IPSO — K-means
algorithm was used to conduct cluster analysis on the feature space after dimension reduction. The sum of
the average relative errors of all feature dimensions was taken as the objective function, and representative
segments were selected based on feature similarity to synthesize a standardized operation curve that can
comprehensively reflect the actual transportation condition of tractors. The final verification results of the
matching degree of characteristic parameters showed that the relative errors of characteristic parameters of
the constructed working conditions compared with the original samples remained below 10% , and the
overall average error was 6.33% . Meanwhile, the joint probabilities of speed and acceleration of the

constructed tractor transportation operation condition and the original population sample data showed
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similarities in the main distribution areas, and the distribution trend was relatively consistent. It indicated

that the tractor transportation operation conditions constructed well reflected the real transportation

operation situation of tractors in hilly areas.

Key words: hilly areas; tractor; IPSO; K-means; transportation operation condition; construction method
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Tab.2 Kinematic segment parameters of tractor
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Tab.3 Kinematic segment characteristic parameter

matrix Z

e  I/s  T.s  T./s  T.J/s Py 30/ %
1 105 10 14 77 0
2 165 22 32 100 0
3 102 7 9 78 0
4 298 19 33 144 0
5 317 59 69 182 0. 30
6 182 24 28 115 0
7 567 58 69 317 0.02
8 66 6 10 32 0

348 639 61 60 367 0. 44

349 338 38 43 69 0.18
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Tab.4 Standardized kinematic segment characteristic

parameters matrix B

Je=] T, T, T, Py _30/%
1 -1.074 -0.635 -0.390 -0.678
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Tab.5 Principal component load matrix with contribution rate greater than 95 %
EY PCAI PCA2 PCA3 PCA4 PCAS PCA6 PCA7
T,, 0. 154 0.435 0.260 0. 0221 0. 082 0.127 -0.159
T, 0.259 0.131 0 -0.226 0.204 0.112 -0.369
T, 0.256 0.122 0. 044 -0.081 0.386 0. 101 -0.350
T, 0.210 0. 152 0.437 0.076 -0.117 0.051 -0.211
T; -0.096 0.518 -0.082 0.014 0. 152 0.113 0.134
V. 0. 295 -0.025 0. 090 -0.068 -0.101 -0.198 0.111
V., 0.277 0. 167 ~0.058 ~0.076 ~0.054 ~0.155 0.312
Viax 0.273 0. 145 -0.129 -0.098 0. 094 -0.036 0.217
Vi 0.264 0.134 -0.149 -0.132 0. 004 -0.122 0.342
A, 0. 154 -0.022 -0.206 0. 632 0. 147 -0.235 —-0.049
D, -0.193 -0.039 0.351 -0. 106 0.492 -0.317 0. 083
Ay 0. 199 —-0. 004 -0.162 0. 553 0. 187 -0.120 -0.121
D, 0.222 0.070 —-0.258 0. 050 —-0.404 0.390 -0.176
P, 0.182 —-0.304 -0.268 -0.308 0. 1288 0. 059 -0.124
P, 0. 188 -0.334 -0.229 -0.128 0.336 0. 044 —-0.060
P, 0. 182 -0.234 0. 420 0.114 -0.252 -0.104 -0.074
P, -0.229 0.323 -0.217 0.012 0. 090 0. 055 0. 099
Py_1o -0.288 0. 036 -0.131 0. 000 -0.023 -0.053 -0.286
P 0. 1731 ~0.186 0.241 0. 168 0.218 0.553 0. 455
Py 5 0. 255 0. 120 -0.048 -0.167 -0.182 -0.468 -0.025
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Tab.6 Optimization results of clustering centers
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Tab.7 Eigenvalues of various optimized fragment

samples

Vm / er/ Vm‘n / Vul/ Am / D,/

m
B

(km-h™") (km+h~™") (km-h™') (km-h™') (m:s7?) (m-s~?)
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2 2,342 5429 10.569  3.291  0.234 -0.219
A/ D,/
! P,/%  P,% PJ/% PJ/%
(m+s™?) (m-s™?)
1 0.106  0.111 11.6 11.4 430  34.0
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Tab.8 Error analysis

E Y V,/(km-h~") v,/ (km-h~") Viao/ (km-h ") V/ (kmeh ") A,/(m-s™?) D,/(mes™?)
g T 6.345 10. 057 30. 000 6. 022 0.256 -0.242
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Y Ay/(mes™?) D,/ (m-s™?) P,/ % P,/ % Py 30/ %
b T 0.074 0. 067 7.6 9.1 11.8
SRRE A 0. 077 0. 069 8.1 8.3 11.2
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Fig. 13 Joint probability distributions of velocity and acceleration
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