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Abstract

In this paper, cluster analysis is carried out based on the geometric feature data of the track under
natural deterioration, and a Markov Decision Process model under a complete environment is con-
structed by taking the formed cluster class as a decision unit. In order to maximize the long-term
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expected profit of track operation as the goal, the decision-making process of railway maintenance
is optimized. Firstly, based on the various characteristics of track irregularity data and the actual
running distance and terrain characteristics of high-speed railways, the track timing data under dif-
ferent sections were preprocessed by the idea of functional clustering. Moreover, the K-Means++
method was used to cluster the geometric variation characteristics of the track, forming multiple
independent decision units to enhance the scientific nature of subsequent decision modeling. Secondly,
the Markov process is used to describe the change in track quality state and establish the probability
matrix of track state transfer to simplify the railway operating income and maintenance cost, so as
to establish the profit model. The decision action model is established based on the daily maintenance
measures of the track, and the Markov Decision Process model under the complete environment is
built based on the TQI data of different decision units. Finally, based on the track data of a high-speed
railway, the numerical experiment is carried out, and the value iteration method is used to solve the
Markov Decision Process model, which maximizes the long-term expected profit of high-speed rail-
way operation and determines the optimal maintenance decision under different track states, so as
to reduce the maintenance cost and optimize the maintenance decision, which plays a certain prac-
tical guiding significance for the current railway maintenance work.
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Figure 3. Variation trend of high and low standard deviation of track in different sections
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Figure 4. Track irregularity trend in some maintenance sections
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Figure 5. K-Means data after clustering method
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Ve =maxVS (s)= max(R(s,;z)ﬂ/ > P, (ﬁ)V,_l(u)] (32)

7eQ) UESpy

(ISR RO BRI
LR YR, WTEERGREs=i, ®EV,(s)=0, =1, BHUE—¢>0
B2 W REWEY, (s) 5
L3 ANV, -V, B4, ENF r=c+1, REDGE 2;
DR 4 HARET, AFRRAE R
l:mT RIS VR R AR, S50 5 DL R A0 (0 1 L B K50 19 B854 o U ) e L S

4.2. RENTE

ARSCRAE T Fomid ki Horb — AN sk 5t 73,960 AN EdE . X IR R, 1% e EUdE 90% T
£ 350 km/h S FEAERIX B, Al TQI AEARIPUIEIRZE T He A2 ROMA R THIRS AR LR, ARG HUE LT
REBNSII BT E R HERI 7> 5 MPUEIRE X, 13 ZPREHR AR RE R 45 R4 3 iR

Table 3. State transition probability matrix

=3 RSB RIEN

¥ B H BE #
I 0.817 0.177 0.003 0.002 0.001
L350 0.079 0.841 0.067 0.010 0.003
R 0.007 0.417 0.405 0.139 0.319
BE 0.128 0.250 0.538 0.502 0.182
%= 0.008 0.123 0.242 0.343 0.284

AR BV HUARAS I HOIR S SE R 2 RIS ACHHEAT B 300 . SR PO 7 6
WRAE, IEHH RO AR TR

1) c=-4,R (0)=8-4i,R (1)=8-5i,P, (1)=P, (2)=1-05i
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3) c=-8R (0)=8-4i,R (1)=8-6i,P, (1) =P, (2)=1-05i

4) c=-8R (0)=8-3i,R (1)=8-4i,P, (1) =P, (2)=1-05i .
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Table 4. Optimal actions of different examples in each state
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51 0 1 2 2 2
il 2 0 1 1 2 2
1 3 0 1 2 2 2
51l 4 0 1 1 0 2
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Figure 7. A long-term track maintenance strategy for a unit section

B 7. R8T XEMEKEEIR MBS S R

5. &

A A LTSRS AN S T ST T R BER O R S IR S A i e i, 78
Hn R4

1) SRAPUE TR b TQI AR I FF HIREAY , T DA & S B8 AN IR PR A S, U 2 39
R TSR A W] L TQI I E] 541 2 .

2) MUl UK RS “FRie” R—ANEEABE, SUWEICE TQI RRER, Kbk “Fr{E”
TERTYIRRIRBEAL “BNIE” BN, T AR B 1 RR

3) WIS EALK, KB EREHE TQUIK /MK SN “4f . B, . 8. 27 EABHR
A5, CAPUAS LI S BRAR R 1687 PR 0 SR AT T SR o, SERRAENT, T AR R S A 1R T L 5 4 1
BUEIRAS KB B (A DR R, B2 TR A A BUSI IR A 416 S

EETH
R T B 4 A R4 ) 5 2 4931 H (2021Y9250).

SE

[1] Sancho, L.C.B., Braga, J.A.P. and Andrade, A.R. (2021) Optimizing Maintenance Decision in Rails: A Markov Deci-
sion Process Approach. ASCE-ASME Journal of Risk and Uncertainty in Engineering Systems, Part A: Civil Engineer-
ing, 7, Article ID: 04020051. https://doi.org/10.1061/AJRUA6.0001101

[2] Kamrani, M., Srinivasan, A.R., Chakraborty, S., et al. (2020) Applying Markov Decision Process to Understand Driv-

DOI: 10

.12677/hjce.2023.123041 378 +ARTHE


https://doi.org/10.12677/hjce.2023.123041
https://doi.org/10.1061/AJRUA6.0001101

B 1

(3]

(4]

(5]

(6]
[7]
(8]

ing Decisions Using Basic Safety Messages Data. Transportation Research Part C: Emerging Technologies, 115, Ar-
ticle ID: 102642. https://doi.org/10.1016/j.trc.2020.102642

T ME, EdHE, WK 5T SRR R th SR AR B A7 XUHL R AN 56 L 4R SRIG [J]. A8 R 2% 2 4R
2021, 55(4): 480-488.

. e T I JRBE R RS I AR I T A A @E PTE AN RS B SR ARG R AR AL [D]: [ 22 f60ie 3], dent: b
ALK, 2020.

Blackwell, D. (1962) Discrete Dynamic Programming. The Annals of Mathematical Statistics, 33, 719-726.
https://doi.org/10.1214/aoms/1177704593

Watkins, C. (1989) Learning from Delayed Rewards. Ph.D. Thesis, Cambridge University, Cambridge, 1-234.

IVFIZR, SEARA. BRI B RD]. SRR SR, 2020, 32(2): 127-140.

Bellman, R.E. (1957) A Markov Decision Process. Journal of Mathematical Mechanics, 6, 679-684.
https://doi.org/10.1512/iumj.1957.6.56038

DOI: 10.12677/hjce.2023.123041 379 T ARTHE


https://doi.org/10.12677/hjce.2023.123041
https://doi.org/10.1016/j.trc.2020.102642
https://doi.org/10.1214/aoms/1177704593
https://doi.org/10.1512/iumj.1957.6.56038

	基于马尔科夫决策过程的轨道状态维修决策
	摘  要
	关键词
	Track Condition Maintenance Decision Based on Markov Decision Process
	Abstract
	Keywords
	1. 引言
	2. 轨道几何状态特征
	2.1. 轨道状态评价指标
	2.2. 数据预处理
	2.3. 时间序列特征分析
	2.3.1. 维修特征
	2.3.2. 聚类结果分析
	2.3.3. 聚类效果评价


	3. 马尔科夫决策模型
	3.1. 马尔科夫决策模型概述
	3.2. 状态转移模型
	3.3. 利润模型
	3.4. 价值函数
	3.5. 长期期望利润模型

	4. 案例分析
	4.1. 数值迭代
	4.2. 案例计算

	5. 结论
	基金项目
	参考文献

