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Construction of Bus Driving Cycle Based on Improved K-means and Markov Chains
CHEN Bao, XIE Guangyi, HUANG Chun, FU Jianghua
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Abstract: Objective The research in this paper aims to fill the gap of the current lack of bus driving cycles in line with
the characteristics of the urban terrain in Chongqing. Methods An improved K-mean clustering algorithm combined with
a Markov chain was proposed to construct driving cycles. The effective driving data of bus No. 805 in urban areas of
Chongqing were smoothed using a filtering algorithm, from which 1, 721 kinetic segments were extracted. The feature
parameter matrices of each kinetic segment were dimensionally reduced using kernel principal component analysis,
suitable initial cluster centers were selected with the particle swarm algorithm for K-means, and the kinetic segments were
classified and labeled using the improved K-means clustering algorithm. Finally, reasonable kinetic segments were
selected through the Markov chain to construct a bus driving cycle in urban areas of Chongqing with a duration of 1,310
seconds. Results The constructed driving cycle was compared with the data collected from real vehicles and some typical
cycles at home and abroad. The results showed that the constructed cycle exhibited consistent trends in the joint
distribution of speed and acceleration with the original data, and the errors of the characteristic values of the constructed
driving cycle compared with the data collected from real vehicles were all less than 7%. The constructed cycle highly
matched the characteristics of the original data and can well reflect the high idle time ratio, frequent acceleration and

deceleration, and other actual traffic conditions in urban areas of Chongging. Conclusion The constructed cycle can
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provide a basic standard for bus route planning, emission testing, and fuel consumption testing in Chongging, and the

research methods involved can serve as a reference for energy management of new energy vehicles, control strategies, as

well as city driving cycle construction and optimization of city bus routes.
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Fig.1 Route map of No. 805 bus in Chongqing
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Table 1 Characteristic parameters of kinematic segments
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Table 2 Matrix of kinematic segment characteristic parameters

RERS S ro v, Vo Ve P.
1 175.0 66 9.4 17.0 27.6 5.9
2 162.6 42 13.6 16.3 21.2 46.5
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Table 3 Characteristic value, contribution rate and

cumulative contribution rate of each component

ERH S AEAE Tk E/ % R Tk E/ %
1 18.6 39.7 39.7
2 7.3 15.6 55.2
3 6.5 13.7 69. 0
4 5.9 12.5 81.5
5 2.8 6.0 87.4
6 1.9 4.0 91.4
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Fig.5 Profile coefficient diagram
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Table 4 Performance comparison with

different numbers of clusters
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Table 5 Two types of partial characteristic parameters

e AE R B %1 k2
S/m 49. 04 54. 49
T/s 69. 93 288.73
v,/ (km - h™") 5.01 18.75
v/ (km -+ h™") 11.71 21.86
¥/ (km = s71) 32.68 46. 88
a,/(m+s7?) 0.51 0.53
a,/(m+s™) -0.52 -0. 62
A/ (m = 877) 1. 69 1.75
A/ (m = 877) -1.55 -1.83
v,/ (km « h™") 5.28 10. 62
P./% 23.01 38.58
P/ % 23.17 32.97
P/ % 35.68 12.37
P./% 18. 15 16. 09
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Table 6 Transition probability matrix between states
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Table 7 Comparison of relative errors of some

characteristic parameters

HIES S B A% RIHE  TOAHKE AFRE /%

v,/ (km - h™") 16.9 16.6 1.8

v,/ (km - h™") 12.1 11.7 3.3
P./% 27.1 28.1 3.6
P,/% 24.3 24.7 1.6
P./% 32.2 30. 1 6.5
P./% 17. 4 17.1 1.7
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under driving conditions
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Table 8 Comparison of characteristic parameters

under cycle conditions

e AE R B Lt 4w EHK ECEIS  JapanlO-15
v,/(km-h™) 142 156 11.7 18.7 17.7
P./% 26.7 29.1 28.1 21.5 25.9
P,/% 28.6 25.6 24.7 18.5 26. 4
P./% 22.0 30.4 30.1 30.7 22.2
P./% 22.7 14.9 17.1 29.3 25.4
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