5540 B4 3 W R K E KR Vol .40 No.3
2023 4F 6 H Journal of East China Jiaotong University Jun. , 2023

X EHS:1005-0523(2023)03-0024-09

ETERERRE BRRFEARFIRTN 3

X S Z‘z—‘ﬁrﬁv AT A
(g AR AR 2 3 T B0 383 24 B, 11 201620)

WE . ATHAREHZ T LB AT EAHTANPE R FIRGRZEAR RBET —FHTREEE R LD L6 HE R FIRTR
Myk, BAPEABEESERRERELEEFMAELAARGC LGN A B EIER REMEAL RAXEZHFTET X
SEAE A A M AT KM R A R TR A AL B AT TR e iR 2 oA T AR A A Z R HE TR AR, £ R
R Z T R T AEATARN AL WA AEYE R FIRG L AR XA E 09 L, EZ M X HBEGELT, Nt &
e AR AR R ST E R A 0.88, kB AL M BEERF 17%,

KEIE SR M R PR Nt R AR R FE T R, F R ABE L

HhE S ES U216 Iﬁk#fr\@m:A

ARSI AR 0 i, F RN TAE. AT R ARZ 86 HE R PR AR R[] 4 R 8 K F 5 4R ,2023,40(3) :24-32.

Research on Track Irregularity Prediction Based on
Expert Prior Information

Liu Wenhai, Li Zaiwei,He Yuelei
(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 buitt 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 Questionnaire on prior information of experts
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Tab.2 Prior summary of model parameters

Section number Model parameters Mean Standard deviation CI95 Distribution
Initial quality (i) 4.52 0.08 [4.295,4.705] N(4.52,0.0872)
273 Deterioration rate (ry;) 0.13 0.01 [0.109,0.150] N(0.13,0.0172)
Error (0y3%) 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%2)
275 Deterioration rate (rys) 0.1 0.009 [0.079,0.120] N(0.1,0.0092)
Error (0x52) 0.2 0.01 [0.195,0.215] IG(3,1)
Initial quality (iy) 4.64 0.067 [4.395,4.805] N(4.64,0.0672)
279 Deterioration rate (ry) 0.01 0.01 [-0.01,0.030] N(0.01,0.0172)
Error (%) 0.2 0.01 [0.195,0.215] 1G(3,1)
Initial quality (i) 5.31 0.071 [5.095,5.504] N(5.31,0.07172)
280 Deterioration rate (rs) 0.1 0.01 [0.079,0.120] N(0.1,0.0172)
Error (0x?) 0.2 0.01 [0.195,0.215] 1G(3,1)
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Fig.3 Comparison of prior and posterior distribution for model parameters in section No. 275
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Fig.5 Comparison of prior and posterior distributions for model parameters in Section No. 280
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Fig.6 Model fitting results
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Tab.4 Accuracy analysis of prediction results in the
absence of historical data

) Bayesian linear
Method of literature!!

Historical regression
data used

R? RMSE R? RMSE
3 months 0.75 0.072 0.88 0.033
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Table 5 Posteriori calculation results of different prior parameters

Posterior parameters

Deterioration rate (ry;3)

Initial quality (iy3) Deterioration rate (ry;)

N(0.13,0.0172)
N(0.13,0.0172)
N(0.06,0.01°2)

N(4.52,0.0752)
N(4.77,0.08672)
N(4.54,0.082)

N(0.13,0.0172)
N(0.128,0.0172)
N(0.06,0.0172)

N(0.13,0.0172)
N(0.13,0.0172)
N(0.06,0.0172)

N(4.47,0.066%2)
N(4.68,0.0782)
N(4.5,0.07272)

N(0.127,0.0172)
N(0.125,0.0172)
N(0.08,0.0172)

Historical Prior paramelters
data used RO seheme e ity (i)
1 N(4.52,0.0872)
3 months 2 N(4.82,0.0872)
3 N(4.52,0.0872)
1 N(4.52,0.0872)
6 months 2 N(4.82,0.0872)
3 N(4.52,0.0872)
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1) DT $hfy 24 e ] U= A6 280 AT L2 i 000 A AT B
AN 4 i

2) DU 307 £ P 1] A A5 R AT A L S0 T 4% il
PUBZIPIRE T A AR A B R AR b2
TEPT LR A 25 e FM 25 B, B
TS BE AR G2 v 1] DAV RY B

3) M T IR A o b R R R X TR
S ) 5 PR 3 e e i T LR g DX B T A0 R A
XA B A A 1 2 8%, TQI W (i A2 Ak T AR 1) X BE
TR A BLAE

SE

[1] GULER H, JOVANOVIC S, EVREN G. Modelling railway
track geometry deterioration|J]. Proceedings of the Institution
of Civil Engineers Transport,2011,164(2) :65-75.

[2] LYNGBY N. Railway track degradation:shape and influ-
encing factors[J]. International Journal of Performability
Engineering,2009,5(2) :177-186.

[3] VALE C,RIBEIRO I M,CALCADA R. Integer programming
to optimize tamping in railway tracks as preventive mainte-
nance[J]. Journal of Transportation Engineering,2012,138
(1):123-13.

[4] 7R, XA 2, E AR T, 45 R 1 R 68 1 43 B A5 8 1y 0
TH N A AR 25 R T (J]. 2RaE A2 5 LA 4R, 2018,
15(8):1937-1942.



32 R Z W ORE AR 2023 4
LIS Y,LIU R K,WANG F T, et al.Prediction for track ir- PSVM]J]. Journal of the China Railway Society,2018,40
regularity index structure based on grey compositional data (6):154-160.
model[J]. Journal of Railway Science and Engineering,2018, [15] B 58, o, 0 2 57, 45 kT AR 55 ] BE JK (0 455 Y A
15(8):1937-1942. Elman 1 25 [ 2% (14 018 BT 5 00, W 2R Tl K2 %

(5] J85 V7 B AR, 2 AR B AN 1 IR 2 T 45 R ()], 52 #1,2018,50(5):137-144.

i 1z i TR A, 2004 ,4(4) . 21-24. MA Z J,TANG T,LIU H L,et al. Forecasting of track
ZHOU Y,XU Y D,LI H R. Nonlinear track irregularity quality based on unequal—interval grey model and Elman
forecast model[J]. Journal of Traffic and Transportation En- neural network[J]. Journal of Harbin Institute of Technolo-
gineering,2004,4(4).21-24. 2y,2018,50(5) :137-144.

[6] MERCIER S,MEIER -HIRMER C,ROUSSIGNOL M. Bi- [16] & Hutf , x4, T AR M, 5. 220 4o Bk B B0 LR &
variate gamma wear processesfor track geometry modelling, 45 Ak J 10 T A A SR (D). BRIE 2F 4, 2020,42(11)
with application to intervention scheduling[J]. Structure and 124-129.

Infrastructure Engineering,2012,8(4) :357-366. CHANG Y Y,LIU R K,WANG F T, et al. Short—term pre-

[7] ANDRADEA R,TEIXEIRA P F. A Bayesian model to as- diction model for track geometry degradationon lanzhou —
sess rail track geometry degradation through its life—cyclel[J]. xinjiang railway[J]. Journal of the China Railway Society,
Research in Transportation Economics,2012,36(1):1-8. 2020,42(11):124-129.

[8] ANDRADE A R,TEIXEIRA P F. Hierarchical bayesian [17] B & B, V0 R0 4w ol 2k B JCHE BLiE LA A

modelling of rail track geometry degradation[J]. Journal of
Rail and Rapid Transit,2013,227(4) :364-375.

[9] PRESCOTT D,ANDREWS J. Investigating railway track as-
set management using a markov analysis [J]. Proceedings of
the Institution of Mechanical Engineers,Part F:Journal of
Rail and Rapid Transit,2015,229(4) :402-416.

[10] e g B, F2 60 ), 400, 458 T AR % 2 A 1) I R 7 I K

FEGETHEIN). SRR S TR ,2006,3(6) : 55-60.

GAO J M,ZHAT W M,XU Y,et al. Development forecast

model of track irregularity based on probability distribution

[J]. Journal of Railway Science and Engineering,2006,3

(6) :55-60.

VEEE, X0 ok R 0 AN YIS0 B ATL A T

SVM-MC K7 2:(0). 2R 383 K24k ,2018,35(3) : 1-7.

XU Y D,LIU Y M ,SHEN J F. SVM-MC Method for solv-

ing stochastic model of track irregularity prediction[]J].

Journal of East China Jiaotong University,2018,35(3) :1-7.

ST RHEN A AR B, 5. JE T BP A28 19 265 14 K B L

JUARIASSFITESU 5 (0. $RiE 2441 ,2018,40(9) : 154-158.

PENG L Y,ZHANG J C,GOU J Q,et al. Prediction

method of railway track geometric irregularity based on BP

[11]

[12

—_—

neural network[J]. Journal of the China Railway Society,
2018,40(9) :154-158.

L BRI A T Al S I I AU (A L 5 A 22
60 266 (4 B AN P I EUIN ). 3 241, 2014,36(1) : 81-87.
HAN J,YANG Y,CHEN F et al. Prediction of track irreg-
ularity based on non-equal interval weighted grey model
and neural network[J]. Journal of the China Railway Society,
2014,36(1):81-87.

R 1 1E T S I 6 [ A Y SN R |
PSVM (% 5Ll 5t 4 45 ZCHIIN[T]. #R3E 74k ,2018,40(6) :
154-160.

MA Z J,GUO S F,LI'Y L. Forecasting of track irregularity

based on improved non —equal interval grey model and

[14]

SV X B A B B I S (D). R AR S8 R eE 4k, 2016, 33
(2):9-14.
XU W C,ZHONG C Y,XU Y D, et al. Research on man-
agement length of geometric irregularity section for ballast-
less track of high—speed railway|J]. Journal of East China
Jiaotong University,2016,33(2) :9-14.

(18] i 7. K - AL [ 62 =X iy 003 o ek 01 30000 5 7%
WESE[)]. BB 4 ,2019,41(8):117-122.
QU J J,Research on prediction method of warranty period
of track quality based on tamping mods using large tamp-
ing machineJ]. Journal of the China Railway Society,2019,
41(8):117-122.

F—1EH XS0 (1997—) , 5, Wl =W 58 A=, B 95 7 ) Sl 8k
BRI SR Y 5 4545 . E-mail : 1051936036@qq.com ,

F2E R A B 557, E—mail: lzw_5220964@163.com,
TR £



