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Abstract—The high speed railway (HSR) is a complex system
with many subsystems and components. The rdiability of its
core subsystems is a key consideration in ensuring the safety
and operation efficiency of the whole system. As the service
time increases, the degradation of these subsystems and
components may lead to a range of faults and deteriorate the
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whole system performance. To ensure the operation safety and
to develop reasonable maintenance strategies, fault detection - { TracionMolor T} -~

-
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and isolation is an indispensable functionality in high speed ol !
railway systems. In this paper, the traction power supply ‘€ — ) esoge=>( — )
system, bogie system, civil infrastructure system, and control :

and signaling system of HSR are briefly summarized, and then
different fault diagnosis methods for these subsystems are
comprehensively reviewed. Finally, some future research topics
are discussed.
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Figure 1. High speed railway system

Keywords- High-speed railway (HSR); fault diagnoss;
traction power supply system (TPSS); bogie system classified into three categories, namely model-based,|signa
processing-based and knowledge-based. The model-based
approaches are based on the development of accusteensy
) ] ) ) models. Observers, filters and bond graph are amonglusef
_ Since the first high-speed train (HST) started to operatgodel-based fault diagnosis tools. The signal procgssin
in 1964, this comfortable and efficient transportation meangased approaches extract features from the measurel$ signa
has been deployed across a number of countries worldwidg, giagnose faults. The most commonly used signal
including Japan, Spain, Germany, China and France [1], tgrocessing-based fault diagnosis approaches aredtimein
just name a few. With the rapid development of high-speegbatyres analysis, frequency spectrum analysis, and time-
railway (HSR), its safety and reliability has become anrequency analysis. The knowledge-based fault diagnosis
increasingly important issue. The traction power supplyapproaches require neither a system model nor signal
system (TPSS), bogie system, civil infrastructurelesys  patterns, they diagnose faults by analyzing a large vobfme
and control and signaling system are important subsystenpgstoric data [2]. The commonly used knowledge-based
in HSRs. As illustrated in Figure 1, the TPSS transmitgpproaches include the principal component analysis (PCA),
reliable electric power to the train, the bogie systerdegu partial least squares, support vector machines (SVMs), and
the train running along the rail. Both motor and bogies argrtificial neural networks (ANNS), etc. These three type of
under the control of the train control and signaling systeMapproaches and their variants including hybrid approaches
While the rail is supported by supporting structures. Toye widely used in HSR.
ensure the safety and reliable operation, performance This paper presents a comprehensive review of methods
monitoring and fault diagnosis of these critical HSRgpplied to the HSR subsystems. The remainder of this paper
subsystems are vital. ) is organized as follows. Sections 2 to 5 give a btigfraary

In HSR, the fault diagnosis methods can generally bgf the main components and structures of HSR, namely th
classified into visual-based methods and signal-baseflpss pogie system, civil infrastructure, and control and
methods according to the data source type. The vims#ed  sjgnaling system, respectively, and the fault diagnosis

use image processing and pattern recognition techniques {sthods for these subsystems are reviewed. Section 6
extract information from images, and the signal-base@oncludes the paper.

methods detect faults by analyzing various electrical signals
collected by for example current, voltage and vibration
sensors. Meanwhile, the diagnosis algorithms can be

l. INTRODUCTION



. TRACTIONPOWERSUPPLYSYSTEMAND ITS improve the detection accuracy, the deep learning techniques
FAULT DIAGNOSIS and real-time detection algorithms are often adopted [8].

The traction power supply system (TP_SS) is one of th®. Traction Transformer Fault Diagnosis
core subsystems in HSR, and it directly impacts the, saf  r,¢ton transformers are essential components in the

quick, and efficient operation of the train. It is a comple gp traction power supply systems that provide a reliable
electromechanical coupling system that mainly consibts Gy, ,.ce of power to the traction rectifiers. A traction

pantograph-catenary system, traction transformers, ractiq,,stormer mainly consists of inlet-outlet line, wimgliand
converters (include AC/DC rectifiers, traction invertets,)e iron core, and it is prone to failure due to its, struetand

and traction motors. Generally, mechanical, electrécad . ; : :

X ' ' operation environment. Accurate and fast fault diagrfosis
sensor faults are three main types of TPSS faultsfalie wonqformers is a key to ensure the normal operatioheof t
diagnosis for the TPSS is of great significance for thq action system in HST.

operation and maintenance of HST. The degradation of "y Gisconnection fault, short circuit fault and ground

corrflponents din TdPS.S V‘;i”h directly lead to a whole,  are among the main electrical fault types of atitiac
performance degradation of the traction systems. transformer. Model-based methods were developed to
A Pantograph Catenary System Fault Diagnosis identify the faulty element as_well as the fault tygethe
gansformer [9]. In [10], a signal processing-based fault

Pantograph catenary (PAC) system transmits electrig. :
power from the catenary to the train via the pantograp iagnosis method was proposed to detect the transformer
internal short-circuit fault. The aging problem of the

mounted on the roof of a train. The improper contacteforc. lati X ¢ lead : h
between the pantograph head and contact wire can lead 'fpU/ation paper in a transiormer leads to interturn short

frequent faults occurring in the PAC system, which degrade IFcuit in the secondary windings of current transformers,
the quality of the contact and reduces the r,eliatliiftyiSR and sometimes may lead to unexpected dangers for & TPS

operations. To maintain the PAC system in a good conditiory© EStimate the insulation status of the insulation paper,
and ensure the power transmission quality, the timel¢'SSolved gas analysis (DGA), Furfural analysis, and the
detection and diagnosis of faults in the PAC system ar equency domain dielectric spectroscopy (FDS) are among

required. Many diagnosis methods have been developed fglc, 0%t PRI 193% SRR ANETO PRt
the PAC systems, which are largely classified into tiypes, '

. . d on the DGA, the kernel principal component analysis
one is the currenvoltage processing-based approach and th ase ; . ;
other is the image processing-based approach [3]. PCA) combined with random forest was applied to

Low contact force or disconnection between pantograp iagnose the traction transformer thermal and electrical
and contact wire may cause an arc to form. Arcin aults, which achieved higher diagnosis accuracy than some
occurrence overheats the contact region, ablates t@d't'onal methods and ~show good  anti-jamming

pantograph slide and contact wire, and generates harmorﬁgrform?]nce 511]. The FhDS is also ?hrc:wn .tlo be an effqectw
and electromagnetic interference affecting the signalind) approach to diagnose the status of the oil-paper with non

communication system. It is therefore one of the mos'[mlform aging [12].
commonly observed faults in HSR systems. The current. Traction Converter Fault Diagnosis

voltage processing-based methods, which mainly include A action converter consists of a rectifier, a DC-link

advanced signal processing techniques and knowledge-bastgﬂ:uit and a inverter, and it is widely used in HSR TRES.

techniques, are applied to detect the arc condition [4]. Iy gate only a few reports can be found on HST traction
addition, a number of image processing-based methods hagg :

been developed to detect arc or contact point in HST PA nl\r/]erfgg]falgt ?:]?)?gg sllggical dynamic based model was
systems. ;

roposed to detect open-switch fault in single-phase pulse

The wear anq ot_her mechanical dam_ages of .t_he PAfidth modulated (PWM) rectifier of the HST traction
system were studied in [5], and the modelling and sionlat system, the faulty switch is detected based on therelifte

gpproa(;hes used to describe _the pan.tograph and catenglfween the model output and the actual operation
interaction were reviewed. The irregularity of contacevs . ditions. [14] studied the fault modes and effects of the

a major anomaly of the HSR catenary system. It canthjirec DC-link circuit in the HST traction converter, and projpbse

change the dynamic contact force and even cause SeVgLgy giagnosis method based on notch filter, and a frezyue

damages to the PAC systems. Thus, the contact W'r@ompensation based fault tolerant control method was

condition should be closely monitored and its irregularity, uccessfully apolied. While [15] proposed a multi-mode
should be detected timely. The wavelet packet entropy [Gcpcp basé/d fgglt diagnosis e[lpp]rogchpfor PWM inverfer o

and quadratic time-frequency representation [7] Wergpps anq it is shown to be able to diagnose both incipient
employed to detect the wire irregularity. Apart rom theg, s~ ang short-circuit faults of insulated-gate bipola
current-voltage processing-based methods for the PAt - distors (IGBT).

n

mechanical fault detection, the image processing and visio

technology based approaches are becoming widely used Ih Fault Diagnosis of Traction Motors

the PAC systems due to a number of merits, such as anti- Traction motors are the core power equipment in HSR
interference, minimal invasiveness, and good generdldy. raction system that convert electric energy into mechanical



energy. The timely diagnosis of faults occurring in HSTfeature selection [22], and the SVM was then used to
traction motors has a great impact on improving theecognize the bogie fault.
reliability of the traction system and reducing the aafst The deep learning methods are new tools for HST bogie
system operation and maintenance. So far, only a few sepoffault recognition, which can provide higher diagnosis
can be found in the literature with a focus on the HSTaccuracy and cost less time than that of the traditionahheu
traction motor fault diagnosis, for which the model-basedetworks. In [23], the deep neural network (DNN) was built
methods are commonly applied. for single fault detection of a HST bogie. A deep belief
In [16], an interval sliding mode observer (SMO) wasnetwork (DBN) hierarchical ensemble was presented to
proposed to model the fault dynamics of traction mototis wi automatically learn the hierarchical features of the éogi
uncertainties, based on which a robust residual anchthides vibration signals by combining the deep learning with
were generated for the detection of the stator-windinglassification ensemble technology [24]. For time series
incipient turnto-turn faults of the traction motor. While in prediction problems, the long-short-term memory (LSTM)
[17], based on a traction motor model built by the Takagineural network shows superior performance, and a LSTM-
Sugeno fuzzy modelling strategy, the incipient actuator faultbased bogie fault prediction method was studied in [25],
can then be detected and isolated by combining SMO wittvhere the spatial and temporal correlation of faultufesst
the total measurable fault information residual (ToMFIR can be learned from the original time series signals wiitho
theory. Finally, in [18] based on the traction motor model, any prior knowledge. In [26], a convolutional recurrent
robust observer was applied to detect incipient stator/rot neural network (CRNN) was proposed for the HST bogie
winding fault for traction motors of HST. fault diagnosis, which can simultaneously achieve high
E s Fault Di is in Traction Svst accuracy and save time as it inherits the advantages of CNN
. Sensor Fault Diagnosis in Traction Systems and Simple Recurrent Unit.
Sensor fault is a fault type that often occurs in th& HS
traction systems. A number of sensors are mounted on the IV. FAULT DIAGNOSISOFHSTCIVIL
traction system, such as on the traction transformer, traction INFRASTRUCTURE
converter and traction motor. These sensors provide signals The HSR civil infrastructure system that spans over large
to the train for monitoring and control [19]. To ensuregisiance is complex by nature. It contains quite a number
continuous monitoring and safe and reliable control, thegiway track components, considerable supporting structures
sensor signals must be accurate and reliable. A fseftgor 5 facilities and very large structural layers to e\iafe
not only leads to inaccurate even wrong measurements, thiygq reliable services for passengers. Routine monitoridg a
degraded traction system performance, it may even cauggyintenance of the HSR civil infrastructure systemvita
catastrophic failure of the whole system. Therefiiris,vital 55k 10 ensure the reliability and longevity of infrastures,

to diagnose sensor faults. nd guarantee the running safety of HSTs
Sliding mode observer (SMO) is a common model-baseg g g y '

fault diagnosis and isolation approach for sensort faulA Track Components Fault Diagnosis

diagnosis due to its robustness under parameter uncertainties Conventional ballasted tracks and ballastless tracks are
and measurement noises [20]. Knowledge-based diagnosifo main categories of the track types. Both tracks hawe t
methods, such as PCA have been proposed for incipiephrts, i.e. superstructure (or permanent way) and substructure
sensor fault detection and diagnosis in recent years. (or formation). As shown in Figure 2, the main components
of the ballasted track superstructure are the railterfass,
il BOGIESYSTEMFAULT DIAGNOSIS sleepers, and ballast beds. And the substructure mainly
Bogies are important components of the HST thatonsists of protection layers and subgrades. For lbedast
connect the train body and the track through suspensions atrelck, the rails, fasteners, rail pads, concrete slahs,
wheel sets, their mechanical behavior seriously impact theement-emulsified asphalt mortar are main superstructure
safety and reliability of the HSR system. The detetimneof =~ components, the frost protection layers and subgrades are
the bogie will increase vibration and instability oéttrain, main components of the substructure. To maintain safety a
and even cause derailment and rollover. Therefore, it iseliability operation of HSRs, fault diagnosis of track
necessary to rapidly and accurately estimate the bogietomponents should be performed periodically.
current operation condition according to the features .~ Rail

extracted from the vibration signals, and to identify fairit
bogie system. Ballastless track Slab | Sleeper 2 Ballasted track
Ballast bed

Classification methods are commonly used fault (s
diagnosis methods in HST bogies. The common classifiers Frost protection layer| ~ Protection layer ™.
employed in HST bogie fault diagnosis are SVMs, ANNSs, y
and K-Nearest Neighbor (KNN), etc. SVM is a powerful y Subgreds SHhgeds b
knowledge-based fault diagnosis approach that has been— N
successfully used in HST bogie fault detection [21]. Wavelet Subsoil

entropy, which combines the advantage of Wavelet
Transform and entropy, was used in HST for vibration signal
Figure 2. Ballastless/Ballasted Track structure of HSR



Railway tracks are subjected to intense bending and shesettlement gauges and strain gauges to monitor the
stresses, plastic deformation and wear, leading toompression deformation of pile shafts and subsoil layers
degradation of their structure integrity with time. The
geometry of tracks directly affects the operation sadety V. FAULT DIAGNOSISOFHSTCONTROLAND
comfortability of HSTs. Therefore, various nondestructive SIGNALING SYSTEM

evaluation (NDE) methods were developed for HSR track HST control and signaling system is the core component
defect inspection to achieve reliable operation and ingprovof the HSR, which controls the running speed and ensure
the maintenance efficiency. [27] summarized the NDEgperation safety and efficiency of the train. The prdhgbi
techniques used for rail track defects detection, amongeall thheory, Bayesian Network (BN), text mining, and deep
techniques surveyed, the automated visual inspectiogarning technology have been widely used for fault
technique is popular for HSR systems, which can detegfiagnosis of the control and signaling system in HST. In
track corrugation, missing part and defective ballast. [28]36], a combination of Fault Tree Analysis and BN was
developed an image processing method to detect tragiopted to evaluate the failure rate of the HST control
defects_ base;d on the scanned track surface image. Inf29], dystem as well as its subsystems, and analyze thetimpa
acoustic emission (AE) technology-based NDE method wagny one or more subsystem failures on system failurg. [37
proposed for HSR track defect detection, and the Kalmagroposed a text mining based fault diagnosis method for
filter was applied to denoise the AE signals. VOBE of HST, in this paper, the topic model was adopted t
Fasteners are major parts that fix the tracks to thextract fault features from the maintenance data, and a BN
sleepers or concrete base, it is important to dete@nfrst  \as used to adapt the uncertainty and complexity of VOBE
frequently and accurately to ensure safety operatiorSasH  fault diagnosis. And [38] analyzed the faults of VOBEaby
Signal processing-based fault diagnosis methods, such @st-chain based text mining method. Considering the
power spectral density analysis, EMD and time-frequenc¥hortcomings of text mining methods, intelligent fault
entropy can be applied to detect the state of rail fastene diagnosis and maintenance methods were put forward for
With the development of the image processing and patteNpgOBE. [39] proposed a prior Latent Dirichlet Allocation
recognition technology, many image-based methods hav@odel for fault feature extraction, and then fed theserrfes
been presented for the detection of fasteners on H8Kstra into a SVM-based hierarchical classifier with featurddius
In [30], a method was proposed to detect damaged and loogg VOBE fault diagnosis. In [40], to diagnose the fairts
fasteners of HSR track by adopting decision tree dessif VOBE of HSTs, a DBN was developed based on Restricted

and a centerline extraction method. Based on the 3-D poifoltzmann Machine, and the diagnostic results are rbette
clouds of HSR fasteners obtained from structure lighthan that achieved by both KNN and ANN.

sensors, the fault types of the fasteners were detdst the
decision tree classifier, and the looseness of therfast was VI. CONCLUSION

evaluated by extracting the centerline of the fastenestal In this paper, an overview of fault diagnosis methods

clip. applied in the HSR systems are reviewed. As an important

Due to the suffering of long-term dynamic loading duringassenger transportation infrastructure, HSR's running safety
the operation of HSRs, the undertrack structure of the HSRg, 4 reliability must be guaranteed. As surveyed in thisrpape

can be damaged and thus lead to geotechnicallengineeri ny fault detection and diagnosis methods have been
problems such as unexpected settlement and bring potentiglyejopned to maintain the safe operation and cost-effective
risk to the operation safety. Therefore, detection method$, jintenance of HSRs including model-based, signal
especially the NDE method should be studied to reteal grocessing—based and kn’owledge—based methods.

internal problems_ of the undertrack structure. Most of the' R s a complex system that contains many subsystems
approaches applied to detect the defect of undertrack,y components. Model-based fault diagnosis methae sh
structures are bas_ed on finite-element analysis (FEA) [3Ymited applications in HSR due to the difficulty in
and signal processing methods [32]. establishing an accurate HSR system model. Therefore,

B. Fault Diagnosis of Supporting Structures and FacilitiesSignal processing-based and knowledge-based methods are
more commonly used in HSR fault diagnosis. In addition,

Supporting structures and facilities can reduce Sememe%msidering the characteristics of the system structure and

and Increase the bearing - capacity Of. subgrades anfult form, visual-based diagnosis methods have beerywide
foundations. However, the post-construction settlement g dopted to detect faults occurred in PAC system. track

the supporting system is also important factor that influence
. ; : mponents and wheel sets.
normal operation of a HSR, which need to be predicted and’ Generally speaking, most of the diagnosis strategies

monitored accurately. SPe :
. , urrently applied in the HSR subsystems are simple, the
[33] proposed a simple settlement calculation metho assive data generated by the HSR operation and

Ewaestﬁg don[:t,’%:" Mﬁ)srgscergepanmczcrjnelrgcgdthtﬁrgﬂé?gmégggge aintenance have not been fully utilized for HTR
y prop P onitoring, detection and diagnosis. In recent yearh, tivét

composite  analysis method to predict the long-ter apid development of ICT technology and the Al technology,

settlement of HSRs pile foundation. [35] investigated th : :
- : . fmany new methods have been proposed for fault diagnosis
characteristics of deep compression deformations below p?g;oblems, such as deep learning technology, which is

foundations by the field tests and FEA, and used singtg-po



regarded as a very promising approach for the futuré4] B Gou, X Ge, J Pu, and X Feng. A fault diagnosis fat tolerant
research. These advanced fault detection and diagnosis control method for dc-link circuit using notch filter power traction
methods deserve more investigations to release théir ful
potential in the HSR system to further improve the diagn
ability and maintenance efficiency.

ACKNOWLEDGMENT

YH. LI would like to thank the China Scholarship

Council for sponsoring her research. This research i
partially supported by the State Key Laboratory of Rail
Traffic Control and Safety (Grant No. RCS2019K005),
Beijing Jiaotong University.

(1]

[2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[20]

[11]

[12]

(23]

REFERENCES

H Chen, and B Jiang. "A review of fault detectiord atiagnosis for
the traction system in high-speed trains." IEEE Traitmas on
Intelligent Transportation Systems,2019.

Z Gao, C Cecati, and SX Ding. A survey of fault diagis and fault-
tolerant techniques Part Il: Fault diagnosis with kiemige-based and
hybrid/active approaches. |EEE Transactions on Industria
Electronics, 62(6):3768774, 2015.

E Karakose, MT Gencoglu, M Karakose, | Aydin, and lEnAA new
experimental approach using image processing-baaekirig for an
efficient fault diagnosis in pantograptatenary systems. IEEE
Transactions on Industrial Informatics, 13(2):6883, 2017.

E Karakose, MT Gencoglu, M Karakose, O Yaman, | Aydimd E
Akin. A new arc detection method based on fuzzyidagsing S-
transform for pantograplcatenary systems. Journal of Intelligent
Manufacturing, 29(4):83856, 2018.

S Bruni, G Bucca, M Carnevale, A Collina, and A Faccttine
Pantographcatenary interaction: recent achievements and future
research challenges. International Journal of Rail Spartation,
6(2):57-82, 2018.

H Wang, Z Liu, A Nafez, and R Dollevoet. Entropy-eaddocal
irregularity detection for high-speed railway catenaviith frequent
inspections. |IEEE Transactions on InstrumentationMadsurement,
2018

H Wang, Z Liu, Y Song, X Lu, Z Han, J Zhang, andWang.
Detection of contact wire irregularities using a qadid time-
frequency representation of the pantogragattenary contact force.
IEEE Transactions on Instrumentation and Measurement,
65(6):1385-1397, 2016.

Z Liu, Y Song, Y Han, H Wang, J Zhang, and Z Hawlvances of
research on high-speed railway catenary. Journal
transportation, 26(1):23, 2018.

C Dai, Z Liu, and S Gao. Fault diagnosis for tracti@nsformer of
high speed railway on the integration of model-badiedinosis and
fuzzy petri nets. Power System Protect Control, 44(8132, 2016.

YH Li, XJ Tian, and XQ Li. Identification of magnetng inrush and
internal short-circuit fault current in v/x-type trami transformer.
Advances in Mechanical Engineering, 5:905202, 2013.

C Dai, Z Liu, K Hu, and K Huang. Fault diagnosis eggzh of
traction transformers in high-speed railway combiningrnil
principal component analysis with random forest. |EIEcEical
Systems in Transportation, 6(3):2@D6, 2016.

L Zhou, D Wang, L Guo, L Wang, J Jiang, and W LiBDS analysis
for multilayer insulation paper with different agingta&in traction
transformer of high-speed railway. |[EEE Transaction®wmtectrics
and Electrical Insulation, 24(5):3238244, 2017.

B Gou, X Ge, S Wang, X Feng, JB Kuo, and TG Habe#eropen-
switch fault diagnosis method for single-phase PVéitifier using a
model-based approach in high-speed railway electtiaation drive
system. IEEE Transactions on Power Electronics, 31(56:3826,
2016.

[15]

converter. In Power Electronics and Motion Controlnfgéoence
(IPEMC-ECCE Asia), 2016 IEEE 8th International, pages 3230
3235.

H Chen, B Jiang, N Lu, and Z Mao. Multi-mode kernehgipal
component analysis-based incipient fault detecfiampulse width
modulated inverter of China Railway High-speed 5.Adesn in
Mechanical Engineering, 9(10):1687814017727383, 2017.

6] K Zhang, B Jiang, XG Yan, and Z Mao. Incipient fadétection for

(17]

(18]

[19]

(20]

[21]

[22]

(23]

(24]

(25]

(26]

[27]

of modern

(28]

[29]

(30]

(31]

(32]

traction motors of high-speed railways using an infesliding mode
observer. IEEE Transactions on Intelligent Transpanaystems,
2018.

Y Wu, B Jiang, and P Shi. Incipient fault diagnosis £s fuzzy
systems with application to high-speed railway tactilevices. IET
Control Theory & Applications, 10(17):2288297, 2016.

Y Wu, B Jiang, and N Lu. Incipient winding fault tdetion and
isolation for induction motors of high-speed trainsPhognostics and
System Health Management Conference, 2017, pagesl

J Feng, J Xu, W Liao, and Y Liu. Review on the fi@ttsystem
sensor technology of a rail transit train. Sensors,)17366, 2017.

J Xia, Y Guo, B Dai, and X Zhang. Sensor fault disgiw@nd system
reconfiguration approach for an electric traction PWMifiec based
on sliding mode observer. |IEEE Transactions on Industry
Applications, 53(5):476&778, 2017.

J Liu, YF Li, and E Zio. A SVM framework for fault detgon of the
braking system in a high speed train. Mechanicaleystand Signal
Processing, 87:40409, 2017.

N Qin, W Dong Jin, J Huang, P Jiang, and ZM Li. lHigpeed train
bogie fault signal analysis based on wavelet entrégature. In
Advanced Materials Research, volume 753, pages-22Z89. Trans
Tech Publ, 2013.

R Pang, ZB Yu, WY Xiong, and H Li. Faults recognitiof high-
speed train bogie based on deep learning. Journal bidaScience
and Engineering, 12(6):1288288, 2015.

C Guo, Y Yang, H Pan, T Li, and W Jin. Fault analysi high speed
train with DBN hierarchical ensemble. In Neural NetwoflI<CNN),
International Joint Conference on, pages 22%59. IEEE, 2016.

Y Fu, D Huang, N Qin, K Liang, and Y Yang. High-sgderailway
bogie fault diagnosis using LSTM neural netwoZ" Chinese
Control Conference (CCC), pages 588852. IEEE2018.

K Liang, N Qin, D Huang, and Y Fu. Convolutional reent neural
network for fault diagnosis of high-speed train bodgiamplexity,
2018.

M Ph Papaelias, C Roberts, and CL Davis. A review on-no
destructive evaluation of rails: stadéthe-art and future
development. Proceedings of the Institution of Matbal Engineers,
Part F: Journal of Rail and rapid transit, 222(4):384, 2008.

Z He, Y Wang, F Yin, and J Liu. Surface defect deétecfor high-
speed rails using an inverse pm diffusion model. SeRsview,
36(1):86-97, 2016.

Q Hao, Y Shen, Y Wang, and X Zhang. Detection metthased on
Kalman filter for high speed rail defect ae signaivdreel-rail rolling
rig. Nondestructive Testing and Evaluation, 33(1)}J5, 2018.

Q Mao, H Cui, Q Hu, and X Ren. A rigorous fastener @usijon
approach for high-speed railway from structured liggnisors. ISPRS
Journal of Photogrammetry and Remote Sensing, 1432649 2018.

X Tian, W Zhao, Y Du, and B Wang. Detection of modafects in
ballastless tracks of high-speed railway using trantséastic wave
method. Journal of Civil Structural Health Monitoring18151-160,
2018.

H Wang, A Che, S Feng, and X Ge. Full waveform is\er applied
in defect investigation for ballastless undertrack stmec of high-
speed railway. Tunneling and Underground Space Taobn,
51:202-211, 2016.



[33]

[34]

[39]

[36]

[37]

S Feng, L Wei, C He, and Q He. A computational métfor post-
construction settlement of high-speed railway bridde faundation
considering soil creep effect. Journal of Central Soutfivéssity,
21(7):29212927, 2014.

Q Yang, W Leng, S Zhang, R Nie, L Wei, C Zhao, and.iw Long-
term settlement prediction of high-speed railway beidgile
foundation. Journal of Central South University, 21(6)24£424,
2014.

Q Yang, F Xu, W Leng, R Nie, C Zhao, and F Guo.dpmftion of

compressible layers below pile foundations of a fégked railway.

International Journal of Civil Engineering, paged 3, 2018.

H Su and Y Che. Reliability assessment on CTCS-3 feaintrol
system using faults trees and Bayesian networks.rnaienal
Journal of Control and Automation, 6(4):22D2, 2013.

Y Zhao, T Xu, and H Wang. Text mining based fauéigdosis of
vehicle on-board equipment for high speed railway.Iftelligent

(38]

(39]

[40]

Transportation Systems (ITSC), 2014 IEEE 17th

Conference on, pages 9@D5.

C Bin, C Baigen, and S Wei. Text mining in fault anay®r on-
board equipment of high-speed train control system.Chinese
Automation Congress (CAC), 2017, pages 69B9L1.

F Wang, T Xu, Y Zhao, and Y Huang. Prior LDA and N\based
fault diagnosis of vehicle on-board equipment for tégked railway.

In Intelligent Transportation Systems (ITSC), 2015 IEEE
18thinternational Conference on, pages-&8I3.

J Yin and W Zhao. Fault diagnosis network designvehicle on-
board equipment of high-speed railway: A deep legrra@pproach.
Engineering Applications of Atrtificial Intelligence, 68250-259,
2016

Internation



