10 % 55 4 3 S E A S B Vol. 10 No. 4
20234 7 H Navigation Positioning and Timing July 2023

410, 19308/ ek 20958110 202,04 02
5T 5 BB 38 18 19 5K B B Al i e L 22
0 TN #3853 7 5 42 18
WAL, F BT HEW, BEW, SR, TR, RS

(1. v E g R 2E 05 Be 58 42 35, b5t 1000815
2. MEZGERET R BEE A B A . dbst 100081 ;
3. v EGE B A 5T B S A BRA Bl R E ST BT, s 100081
4. LRA S REHE N B A EZ TR R, Jba 10008D)

H EAISHEZLEAAAREFSFR AL S AL A AR AEZ, X 535 % A A
HsF W OB R AT AT, B b3 B A T 5 2022 ik oh b 3 B BB o AT ik, NI R R
YR FEABRIE R E AT T REINE, GRS ROHN 2T FOEBER, AR
AT EMNB LR BRI o FBE 5 xR BBHRATHEEE NS, FIIE YA
B AR B KBEMAFRF S T BHARIZIBERELMNIIE PORE RS EBFIE, AHK
R HNBFREEINTARTRLR R G . RS E R TE N LT H &R K%
TWR, FBEREVNTIR B G F R AR B T T %I 0 n R I8 0 #5455 47, 6k 4

x¢ & 28 45 ) B A 64 TR AL AL e gk B K mh R 6T AR B SR ATHE R A

KXBR:HEHEE I 2B M ER S E MR KBEEXRE; 2 PRH]

RESES: U2 XEftRERD:A XEHS:2095-8110(2023)04-0024-13

Analysis and mining of railway infrastructure deformation
monitoring data based on fractional order theory
LIU Yi"*, LI Ping”", FENG Boqing®, JIANG Lili*, LI Congxu®, WANG Hu®, YANG Meihao’

(1. Postgraduate Department, China Academy of Railway Sciences, Beijing 100081, China;
2. China Academy of Railway Sciences Corporation Limited, Beijing 100081, China;
3. Institute of Electronic Computing Technology , China Academy of Railway Sciences Corporation Limited, Beijing 100081, China;

4. National Engineering Laboratory of Comprehensive Transportation Big Data Application Technology , Beijing 100081, China)

Abstract: The BeiDou high-precision positioning system generates random error within a certain
range due to the noise and other reasons, which makes it difficult to analyze the monitoring data
directly and accurately for the traditional model. Therefore, the paper proposes a method of analy-
zing BeiDou monitoring data based on fractional order theory to mine the evolution line of railway
infrastructure deformation from the perspective of data trend. Firstly, the theoretical framework
of the fractional order analysis method is given and the basic theory is introduced in detail; Second-

ly, the raw data probability density is fitted by a-stable distribution and futher realizes the estima-
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tion of non-Gaussian characteristics; Thirdly, the deep-level trend features hidden in the monito-

ring data are mined through the long-range correlation characteristics and multifractal characteris-

tics, and the future trend is analyzed from the fractional order characteristics dimension. Finally,

the proposed analysis method is applied to the infrastructure deformation monitoring of a heavy

hual railway line in China, and the experimental results show that the proposed analysis method

can achieve accurate analysis of Beidou monitoring data under the interference of noise and can ac-

curately discriminate the evolution rules of each group of monitoring data and the degree of railway

infrastructure deformation.

Key words: Deformation trend analysis; Fractional order theory; Railway infrastructure; Long-

range correlation characteristics; Fractal characteristics
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Fig. 1 Analysis framework of railway infrastructure

deformation monitoring data
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Fig. 2 Framework of railway infrastructure

deformation monitoring system
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Fig. 3 Time series diagram of deformation monitoring data
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Fig. 4 Probability density distribution fitting of the data of
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Fig. 8 Generalized Hurst exponent fitting of the

data of monitoring points in risk area A
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Fig. 9 Generalized Hurst exponent fitting of the

data of monitoring points at risk area B
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Tab. 4 Generalized Hurst exponent fitting parameters of

monitoring data in risk area A

WA H, H, H; H, AH
1S WM 1.3404 1.2020 0.8183 0.5996  0.740 7
25 WIS 1.5798 1.4091 1.0096 0.7897  0.790 2
3N 1.4433 1.2688 0.8510 0.6303 0.8130
45 WM 1.3883 1.2258 0.8560 0.6395 0.7488
x5 BRBE UHETHFEHNEGSH

Tab. 5 Generalized Hurst exponent fitting

parameters of monitoring data in risk area B
M 3L H, H, H; H, AH
15 WMms  1.7396 1.6073 1.1898 0.9749 0.764 7
25 WA 1.416 7 1.3434 0.9181 0.6936 0.723 1
SEWMA  1.7779 1.6134 1.2928 1.0932 0.6846
45 WIS 1,540 1 1.4120 0.9644 0.7368 0.803 3

6 ABRBEEXELRMETEES
Tab. 6 Real subsidence deformation displacement of

risk areas A and B
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Fig. 10 Conformal curve for generalized Hurst

exponent of monitoring data in risk area A
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Fig. 11 Conformal curve for generalized Hurst

exponent of monitoring data in risk area B
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Fig. 12 Monthly AH of monitoring point No. 3 in risk area A
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Fig. 13 Monthly AH of monitoring point No. 4 at risk area B
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Tab.7 Monthly AH of monitoring points No. 3 in

area A and NO. 4 in area B

LARIIE DAY 4 H 541 6 1 7H 8 H
Adh 355
BAb 4 545
LARIIE DAL 9 A 10 A 11 A 12 A
ALk 355

Bk 4 55

0.0337 0.0297 0.0287 0.7649 0.7189

0.0119 0.0022 0.0101 0.9626 0.8693

0.146 6 0.1986 0.2009 0.2552

0.1430 0.0857 0.0082 0.0266
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