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Research on Track Irregularity Prediction Based on
Expert Prior Information
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(School of Urban Rail Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract : In order to study how to accurately predict the development trend of track irregularity in the absence of
historical data, a track irregularity prediction method that can consider the prior information of experts is proposed.
The questionnaire survey method was used to obtain expert experience information and a Bayesian linear regression
model with prior information was built up. Then the Markov chain Monte Carlo method was used to solve the model
parameters. Finally, the amplitude of track irregularity was predicted and error analysis was conducted, and the
prediction effects of different models in the absence of historical data were compared. The results show that the
method can accurately predict the development trend of the track irregularity in the short term, and the correlation
coefficients are all above 0.9. In the absence of historical data, the Bayesian linear regression model can also main-
tain a high prediction accuracy and the R? is 0.88, which is 17% higher than the traditional linear regression model.
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Tab.1 Prior summary of model parameters

Section number Model parameters Mean Standard deviation CI95 Distribution
Initial quality (iy3) 4.52 0.08 [4.295,4.705] N(4.52,0.08%)
273 Deterioration rate (ry;) 0.13 0.01 [0.109,0.150] N(0.13,0.01?%)
Error (ox3%) 0.2 0.01 [0.195,0.215] 1G(3,1)
Initial quality (iys) 3.51 0.073 [3.295,3.705] N(3.51,0.073%)
275 Deterioration rate (rys) 0.1 0.009 [0.079,0.120] N(0.1,0.009%)
Error (oy5%) 0.2 0.01 [0.195,0.215] IG(3,1)
Initial quality (ixo) 4.64 0.067 [4.395,4.805] N (4.64,0.067%)
279 Deterioration rate (ry) 0.01 0.01 [-0.01,0.030] N(0.01,0.01%)
Error (0y9%) 0.2 0.01 [0.195,0.215] IG(3,1)
Initial quality (i) 5.31 0.071 [5.095,5.504] N(5.31,0.071%)
280 Deterioration rate (rs) 0.1 0.01 [0.079,0.120] N(0.1,0.01%)
Error (o) 0.2 0.01 [0.195,0.215] 1G(3,1)
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Tab.2 Error of prediction results

Correlation

Section number R? coefficient RMSE
1~30 0.80 0.96 0.021
31~60 0.88 0.96 0.094
61~90 0.94 0.99 0.006
91~120 0.77 0.90 0.029
121~150 0.91 0.96 0.023
151~180 0.93 0.97 0.033
181~210 0.86 0.93 0.013
211~240 0.77 0.90 0.030
241~270 0.86 0.95 0.024
271~300 0.95 0.98 0.003
301~330 0.91 0.96 0.008
331~360 0.94 0.98 0.010
361~390 0.95 0.98 0.006
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Tab.3 Accuracy analysis of prediction results in the
absence of historical data

) Bayesian linear
Method of literature[16]

Historical regression
data used

R? RMSE R? RMSE
3 months 0.75 0.072 0.88 0.033

24 AEEWIIFWE RN

AR SC % Ja B A e L AR e T
0 45 SR MR 5K 10 1L 0 i R 5 kR S Rk
Fiorr . VAX B 5 o 273 ME ST X B )
1E RA 3 A D5 s s 6 > A D s Bodl 594 B0
TBE T 3 HAR MR SEL

JeUe T A 1 O RE 8 HE B TN AN P K R A
IS BOCE e T 5 2 M LB I UG B S8 1
EVEAT TR B R, el % 3 K A RSB
EHEAT T /N E el SR B MR RS HOTR
ZERMFE 4 PR,

7
6 L
5t
S4f
=
3L
Actual value
2t Bayesian linear regression
1 Method r:f literature[16]

0 100 200 300 400

Section number
B 10 SZhEHEEAEFEHTNER
Fig.10 Prediction results of different methods in the
absence of historical data

HI3% 4 R ST R AR AT, e R 3 4
H Dy S8 i e 56 9 5 A5 R A O S e g, B
eI € Y A DS W S (B YT
HOH 64 0 5B 6 A T I S 5 X IS 5 55
W/ o RIS 0 g s R X i R 0 /) 19 5 58 A
BHEAT T AIE | BV L G0 5 2 80l 1+ 45 R i ok
Wy st R s 2 0 R A AR, S S A R A /N Tk
%, SRR IR NI E BT s B B S
G54, X UL, Ak = D s R ST 8 £ SO 45 2R
RIRZ B, S DRI B SR 1R B T A 2 S BUR R 10
I 25

x4 RETAEEMNHERITEER

Tab.4 Posteriori calculation results of different prior parameters

Prior parameters

Posterior parameters

Deterioration rate (ry;)

Initial quality (iy;3)  Deterioration rate (ry;)

N(0.13,0.01%)
N(0.13,0.01%)
N(0.06,0.01%)

N(4.52,0.075%)
N(4.77,0.086%)
N(4.54,0.08%)

N(0.13,0.01%)
N(0.128,0.01%)
N(0.06,0.01%)

N(0.13,0.01%)
N(0.13,0.01%)
N(0.06,0.01%)

N(4.47,0.066%)
N(4.68,0.078%)
N(4.5,0.072%)

N(0.127,0.01%)
N(0.125,0.01%)
N(0.08,0.01%)

Historical L
data used Priori scheme Initial quality (iy3)
1 N(4.52,0.08%)
3 months 2 N(4.82,0.08%)
3 N(4.52,0.08%)
1 N(4.52,0.08%)
6 months 2 N(4.82,0.08%)
3 N(4.52,0.08%)
3 ik
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