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Abstract:In order to effectively judge the geometric state of track and adapt to the maintenance state of high—
speed railway, the optimization of track irregularity maintenance strategy is studied. The Markov decision process
is selected, the model parameters such as track state level, maintenance action space and maintenance action
cost are set, and the value iteration algorithm is used to solve the problem, so as to realize the effective formula-
tion of high—speed railway line maintenance plan. Taking a ballasted high—speed railway line in East China as
an example, combined with the characteristics of the track unit at typical deterioration speed, the maintenance
decision optimization process of the Markov decision model is analyzed and the effect is verified. At the same
time, the optimal maintenance decision of the track unit section at each decision time is explored. Monte Carlo

stochastic simulation is used to simulate the total maintenance cost in the planning cycle and compare it with the
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actual maintenance cost. The results show that the track irregularity maintenance decision based on Markov de-

cision process can fully consider the heterogeneity of track unit section irregularity deterioration, scientifically

arrange maintenance activities according to the actual state and deterioration law of track unit section, improve

the spatial resolution of maintenance operation, and the optimization effect of maintenance decision in the plan-

ning cycle is remarkable, which reduces the maintenance cost while ensuring the high smoothness of the line,

and has a guiding role in the maintenance and repair of railway track.

Key words: high—speed railway; track irregularity; Markov decision process; value iteration algorithm; mainte-

nance strategy
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Tab.1 TQI demerit rules

Not exceed the

Exceed the

Exceed the Exceed the

T value management value  management value  management value by 10%  management value by 20%
Ty value 0 40 50 61
R2 HEARFIRREERNS
Tab.2 Classification of track irregularity state
TQI value TQI<4 4<TQI<8 8<TQI<8.8 8.8<TQI<9.6 TQI>9.6
Status level 1 2 3 4 5
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Tab.3 Maintenance cost of track units at different state
levels (ten thousands yuan/200 m)

Maintenance activity

Risk

cost

Status

level Do not repair a; Regular maintenance a, Line overhaul a;

1 0.008 0.01 0.3 0

2 0.008 0.014 0.35 0.01
3 0.008 0.015 0.4 0.1
4 0.008 0.017 0.45 0.2
5 0.008 0.020 0.5 0.3
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Tab.4 Value iteration algorithm

Value lteration Algorithm

Input : MDP (Markov decision process) ,7y (Discount factor),
6 (Threshold value )

Output ; Optimal value function V*,Optimal policy
Initialization ; For all states s € S,Set V (5)=0

Repeat until the change of V is less than the threshold 6
For all states s € S:

For all possible actions ae A (s):

Calculate the immediate return of the action r:

r=C(s,a)
Calculate the expected value of the next state s’ after

taking the action

V.(s)=C(s,a)+y

pr (s'ls ,a)Vﬂ(s')}

Update the value function of the state :

V(s ):maj( [C(s ,(z)+’y2p (s'ls ,a)V(s") }
s es

ae
For all states s € S:
Compute the optimal strategy 7" (s ) :

7" (s )=argmax V(s )

Returns the optimal value function V" and optimal strategy 7
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The value iteration process of track
unit section 52

0  -0.015 -04
-0.01 -0.025 -0.41

Action value function:Q=| -0.1 -0.115 -0.5
times: 1 -02 -0215 -0.6

-03 -0315 0.7
‘ State value finction: V=[0 -0.01 -0.1 -0.2 -0.3]

Optimal policy: Policy=|noaction noaction noaction noaction noaction |

-0.031 -0.025 -0.413

- -0.148 -0.099 -0.430

Action value function:Q=|-0.458 -0.362 -0.526

tmes: 0799 -0.716 -0.630

-0.986 -0.998 -0.739
‘ State value finction: V=[-0.025 -0.099 -0.362 -0.630 -0.739]

Optimal policy:

Policy=[ minor minor minor major major ]

-0.118 -0.120 -0.497

- -0.319 -0.243 -0.520
Action value function:Q=|-0.700 -0.621 -0.642
limes: 0912 0703 -0.682
-1.082 -1.094 -0.846
State value finction: V=[-0.118 -0.243 -0.621 -0.682 -0.846]

several

[ ] Optimal policy:

Tteration ®

Policy=|noaction minor minor major major |
steps

-0.192 -0.195 -0.570
-0.406 -0.330 -0.594
Action value function:Q=|-0.777 -0.740 -0.696
-0.988 -0.930 -0.804
-1.158 -1.170 -0.921
State value finction: V=[-0.192 -0.330 -0.696 -0.804 -0.921]
Optimal policy:

Iteration
times:13

Policy=| noaction minor major major major |

-0209 -0.212 -0.587

-0.424 -0.348 -0.610
Action value function:Q=|-0.794 -0.761 -0.713

-1.005 -0.947 -0.821

-1.175 -1.187 -0.938
State value finction: V=[-0.209 -0.348 -0.713 -0.821 -0.938]
Optimal policy:

Iteration
times: 14

q [

Policy=|noaction minor major major major |

B2 25 EETXENNEERIE
Fig.2 Value iteration process of Track unit section 52
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The value iteration process of track
unit section 108

0 -0015 -04
-0.01 -0.025 -0.41
Action value function:Q=| -0.1 -0.115 -0.5
-02 -0215 -0.6
-03 -0315 0.6
State value finction: V=[0 -0.01 -0.1 -0.2 -0.3]
Optimal policy:

Iteration
times: |

Policy=[noaction noaction noaction noaction noaction |

-0.046 -0.037 -0.415
-0.134  -0.099 -0.427
Action value function:Q={-0.397 -0.297 -0.519
-0.743  -0.574 -0.630
-0.856 -0.725 -0.848
State value finction: V=[-0.037 -0.099 -0.297 -0.574 -0.725]
Optimal policy:

[teration
times:3

Policy=[minor minor minor minor major |

-0.251 -0.214 -0.572
-0.414 -0.349 -0.588
Action value function:Q=[-0.748 -0.608 -0.684
-1.014 -0.898 -0.808
-1.121 -1.124 -0.903

Tteration
times:8

i~ -~

ation @
Tteration State value finction: V=[-0214 -0.349 -0.608 -0.808 -0.903]
several Optimal policy: Policy=[ minor minor minor major major ]
steps
o -0.430 -0.393 -0.749

Tteration -0.594 -0.530 -0.765
Action value function:Q={-0.921 -0.862 -0.775
“1.191 -1.074 -0.985

-1.297 -1.300 -1.082
‘ State value finction: V=[-0.393 -0.530 -0.775 -0.985 -1.082]
Optimal policy:

Policy=[ minor minor major major major |

-0.460 -0.424 -0.780
-0.624  -0.560 -0.796

Action value function:0=|-0.950 -0.893 -0.802
times:14 S1221 -1104 -1016
-1.328 -1.331 -1.112

State value finction: V=[-0.424 -0.560 -0.802 -1.016 -1.112]
Optimal policy:

Policy=[ minor minor major major major |

B3 18 SHELATREMNNMEERTE
Fig.3 Value iteration process of Track unit section 108
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Track unit Maintenance Maintenance

Decision time in the planning period

section number decision

activity

1020304 s]e|7/8]9 10]u]12]13 14]15]16]17]18 19]20]21[22 23|24

52

None(a;)

Actual
adopted

None(a;)

Model
calculated

108

None(a;)
Actual
adopted

B 4 52570108 S Hi&E % T X B 7 # % B HA 1A A 4 1% 5K BE X LE B
Fig.4 Comparison chart of maintenance decisions for Track units 52 and 108 during the planning period
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Maintenance

Track unit section number

S~ activity |1 2[3[4 5 6 7[8[9]10 11 12[13[14]15 16 17]18]19]20 21 22[23124[25 26 27]28]29 130 31 32 33[3435 36 37 38[39[40 41 42 43[44[45 46 47 48/49[50
Model | None(a;)
calculat- I D N N e
ed
Actual
adopted

Maintenance

Track unit section number

activity  [51]52]53 54 55 56[57]58]59 60 61[62[63]64 65 66[67[68]69 70 71[72[73 74 75 76 77]78]79 80 81 82[83]84 85 86 878889 90 91 929394 95 96 979899 10(|
Model | None(a;)
calculat- I I
ed
Actual
adopted

Maintenance

Track unit section number

activity

101]10210310410310610711081091 101 111121 131141151161 17118119120121]122123124125126127128129130131132133134135136]137]138139140141[142]143]144 145 146147148149 15

Model | None(a,)
calculat-

ed
Actual
adopted

___-_—

(C)1994-2023 China Aca

5 2020 F 2 BHYHEE KRG XS L B

Fig.5 Comparison chart of maintenance decision in February, 2020
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Tab.5 Quantitative comparison of different maintenance
decisions for track units

Mainte e
amn (,ar?ance Model calculated Actual adopted
decision
Do not repair(a;) 31 0
 Regular 104 132
maintenance (a,)
Line overhaul (a;) 15 18

2.5 EXBREMERRBARIT LS

I 52 ¢ R &% BEALBE L 7 125 FF By /R AT R e 3R
I AR R S o T SRS 2 AE KRl SR A P A A AR
A A 5 PR AEAE AT TR L

BUIE T DX BOR S SRS 1 rh Y S IR B R
R AABE 2243 A, HLAT BERLME . B8 T DSk g %)
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