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A Study on the Risk Assessment for Urban Railway Systems
Using an Adaptive Neuro-Fuzzy Inference System(ANFIS)

Kil Hun Tak™ - Jeong Seo Koo™'

'Corresponding Author Abstract : In the risk assessment of urban railway systems, a hazard log is created by
Jeong Seo Koo identifying hazards from accident and failure data. Then, based on a risk matrix,
Tel : +82-2-970-6878 evaluators analyze the frequency and severity of the occurrence of the hazards,
E-mail : koojs@seoultech.ac.kr conduct the risk assessment, and then establish safety measures for the risk factors

prior to risk control. However, because subjective judgments based on the evaluators'
Received : October 15, 2021 experiences affect the risk assessment results, a more objective and automated risk
Revised : December 8, 2021 assessment system must be established. In this study, we propose a risk assessment
Accepted : January 7, 2022 model in which an adaptive neuro-fuzzy inference system (ANFIS), which is combined

in artificial neural networks (ANN) and fuzzy inference system (FIS), is applied to the
risk assessment of urban railway systems. The newly proposed model is more
objective and automated, alleviating the limitations of risk assessments that use a risk
matrix. In addition, the reliability of the model was verified by comparing the risk
assessment results and risk control priorities between the newly proposed
ANFIS-based risk assessment model and the risk assessment using a risk matrix.
Results of the comparison indicate that a high level of accuracy was demonstrated in
the risk assessment results of the proposed model, and uncertainty and subjectivity
were mitigated in the risk control priority.
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Frequency of
occuargzir:’ceen:f an Risk Acceptance Categories
(caused by a hazard)
Frequent Undesirable Intolerable Intolerable Intolerable
Probable Tolerable Undesirable Intolerable Intolerable
Occasional Tolerable Undesirabl Undesirabl Intolerable
Rare Negligible Tolerable Undesirable Undesirable
Improbable Negligible Negligible Tolerable Undesirable
Highly improbable  [Negligibl Negligibl legligibl Tolerable
Insignificant Marginal Critical Catastrophic

Severity of an accident (caused by a hazard)

Fig. 1. Risk acceptance categories,
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Table 1. Definition of risk assessment terms

Terms Definition

Any imperfect condition or action that causes or may
result in an accident.

Among the Hazards, the upper Hazards identified at
the railroad operation level are called Hazard Events.

Hazard

Hazard event

Undesirable and unexpected events with harmful

Accident consequences to life, property, etc.

Pysical, procedual, and situational means to block or
Barriers reduce the severity of damage when a Hazards or
Hazard events occur.

The degree of risk measured according to the

Risk frequency and severity of the Hazards.
. . A table created by combining the frequency and
Risk matrix severity of Hazard Events to manage risk.
Safety Condition in which unacceptable risks have been

eliminated.
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Fig. 2. Procedure of risk assessment,
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Table 2. Classification of input fuzzy variables

Division Input variables Fuzzy variables
F5:Very High
F F4:High
a:':fqulf:l’(l:(}: COnVersion) F3:Medium
e F2:Low
Influence F1:Very Low
factor S5Very high
i S4:High
(S:z\?:rtizy conversion) S3:Medium
- S2:Low
S1:Very Low
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Table 3. Seoul metro line 1 ~ Line 8 systems
Number of

Business

Division extended Nm£bf:r I(:Ifurtr;]:ie; Number people  Driving
distance stations  sefs of cars transported  style
(km) (1,000/day)
Total 313.7 290 414 3,605 6,983.8 -
Linel 7.8 10 16 160 466 ATS
. ATS
Line2 60.2 50 86 814 2,107 ATPIATO
Line3 382 34 49 490 803
ATC
Line4 31.7 26 47 470 843
Line5 52.3 51 76 608(76x8) 848
Line6 35.1 38 39 312(39x8) 527
ATC/ATO

Line7 571 51 72
Line8 17.7 17 20

STI(72x8) 1,019
120Q0x6) 240

4.4 24 H|o[E{ 2] FE

B BAaly] 9ig Al 278 MATLAB 2014
£ AR5 2™ MATLAB Toolbox & o]-831o] 2-3-3
A A2Ee] Sk W ElAES S

# Aol mule) loje® 40w 9jTasl 4897
of el ASEALE AxE SHE HelES Pho)
of ARG, ARG} A
EF)= Ak

Hdlg] stax; she ¥k 459, S5 HolH
£ ghEstaat AAEY HEE SHol B ks
AR WYL} o] TSRS Fh

J. Korean Soc. Saf., Vol. 37, No. 1, 2022



42 52117 (ANFIS)S 083 EAIHE AAH BE T7t 917

WANECE AEE /EXE Agstel 201940
AT AN ZKER 1S #8513 o] et
"e ARl WA 201090 7HEA 01°E A
of iy,
NEE FEIEY AEIYER7} slol= ol
& ashe] AAARE 1E-S S0AL, Aguls) A4 1
e 506209, B4 1S STATAY, A 1
372590902 AAARE ABHE wsjFoloR
by,

SR S1HaQl 4897 F Table 49} 2ol B8
dlolE = 2457, A @ g dolel R 247 AT,

S
=

Table 4. Training datas and testing datas

Division ~ Total 1Level 2Level 3Level 4Level SLevel
Training

datas 245 27 104 90 14 10
Testing
datas 244 27 103 90 15 9

4.5 ANFIS &5 9! B9l 1%

ANFIS 8h55 Qlalf o] 7Fa3h Wi = 719 A
o)3t ¢t 8]SS AFE-5H= Hybrid(Least Square Method
2} Error Back-propagation®] Z3HHIHHI} @ x}od A}
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Table 5. RMSE of Membership Function

ANFIS MF Training RMSE Testing - RMSE
Info Constant Linaer Constant Linear
trimf 0.00002059 0.00000022 0.00010057 0.00126720

trapmf 0.38166400 0.01866390 2.04340000 2.00060000

gbellmf  0.00032712 0.00004321 0.02684400 0.14547000
guassmf  0.00014235 0.00006677 1.49550000 0.30056000

Grid gauss2mf  0.01362930 0.00032633 0.02397800 0.03098000
Partition pimf 0.38166400 0.01866390 2.04340000 2.00060000
Method dsimf 0.05907760 0.00195060 0.14796000 0.10722000
psimf 0.05907760 0.00195060 0.14796000 0.10723000

Number of linear parameters 25
Number of Epochs 300
Number of nodes 75
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Table 6. Seoul Metro systems and subsystems

Urban railway systems

Train operation(8 Systems) Facility operation(5 Systems)

Y Track Railway
/PSD  Control

Communi Train /%ib Machinary/  Civil/
Electron  Construction

“cation  (Car) Plect Elevator

Signal

H7FRHE-S Table 77} o] AL - Ao} B A7
S99 AR geAdoR SR

lil o

A

Table 7. Classification of Seoul Metro’ s Accidents

Railroad accident
Railroad traffic
accident

Train crash, Traffic
Derailment, casualty
Fire, etc  accident

Similar
accident

Operation

Railroad safety accident failure

Safety  Railroad
casualty  similar
accident accident

Delayed
operation
no Stop

Railroad Facility
fire

a0l Ay
AR 9Eagl Aoz 20108 ~ 20199744 10
U AR ERAREILA 116372 HES
1163749 AFLRAIR TS Ea) AFre] 2| A Q191
7R Del, TR AA 7 Dol Q) &
Setel QlEAd 2 AFaale e
AE A RQle 489, ABFARIS 2127 0= A}
Al R YERH Table 83 gt

Table 8. Hazard events and hazards identified by accident type

Type of accident Hazard events(cases)  Hazards(cases)
Train(Car) crash 9 15
Train(Car) derailment 14 16
Train(Car) fire 2 2
Traffic casualty accident 8 44
Fire accident 17 32
Facility damage 19 34
Safety casualty accident 30 71
Other safety accident 5 13
Railroad similar accident 15 15
Delayed operation 69 199
Facility failure 24 48

Total 212 489

J. Korean Soc. Saf., Vol. 37, No. 1, 2022
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Fig. 11. Quantitative evaluation,

S5 sS4 s3 s2 s1
Category
Very High High Medium Low Very Low
Severity ) More than 40-60 20-40 5-20 Less than
Delayed Operation
60minutes minutes minutes minutes Sminutes
Fadity D Morethan | 300milion= | 3omilion= | tsmillon~ | Lessthan
Frequency acilty Damage: | 6nomilion won | 600milion won | 300milion won | 3omilion won | 1.5million won
1-2 Fatalfties | 1-9 Mfr rs
More th 219
Casualty Accident 3;’;;““:‘ Morethn 10 | Moretan20 | 50| 4 Minor injry
Major Injuries | Minor Injuries )

] Very High | 31.25 times/year

F4 High 6.25 times/year

F3 Medium | 125 times/year

F2 Low 0.25 times/year

F1 Verylow | 005 times/year

Fig. 12. Risk matrix of seoul metro,
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Table 9. Action criteria by risk level

Risk  Management Action criteria for risk reduction

level  standards
5 Intolerable Immediate removal of the relevant risk factor,
discontinuation of operation if it cannot be removed
If it is difficult to remove the relevant risk factor
or remove the risk factor immediately, use
4 conditional use after establishing risk reduction
Tolerable Measures so that the level of risk is lower than
normal
3 Acceptable, but need additional risk reduction or
safety measures
2 No measures to be taken, however, if necessary, risk

Acceptable reduction measures or safety measures can be
prepared according to a separate judgment procedure
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Table 10. Frequency and severity of accidents by accident type

Hazard H .
Accident type _events (489casdess) 523236‘;3) (tho?lse;/negtzlvon)
(212cases) ¥

Train(Car) crash 9 15 3.30 45,561
Train(Car) derailment 14 16 330 7282
Train(Car) fire 2 2 0.50 390,817
Traffic casualty 8 4 930 32,692
accident

Fire accident 17 32 6.80 6,415
Facility damage 19 34 9.00 9,981
Safety casualty 30 7 19.40 46,937
accident

Other safety accident 5 13 5.80 10,268
Railroad similar 5 15 920 758
accident

Delayed operation 69 199 39.90 5,030
Facility failure 24 48 830 207
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Table 11. Risk level of accident type

Risk Level
Accident type Total  Acceptable Tolerable hlEb()lleera
1Level 2Level 3Level 4Level SLevel
Train(Car) crash 9 3 1 5
Train(Car) derailment 14 6 5 3
Train(Car) Fire 2 1 1
Traffic casualty accident 8 1 2 3 2
Fire accident 17 2 10 5
Facility damage 19 8 6 5
Safety casualty accident 30 6 23 1
Other safety accident 5 1 1 3
Railroad similar accident 15 8 5
Delayed operation 69 18 22 29
Facility failure 24 14 8 2
Total 212 61 67 80 3 1

[ Rk Risk
Pavel Conversion A(C:C:ptance
(6 step) ategory
1 0.002(61cases) C] 6(1;; ?;89' E) s
8%
2 0.010(67cases) 67cases
(31.6 %)
3 0.050(55cases) 80cases
0.250(25cases) (37.7 %)
4 1.250(3cases) - 3((12345:)/6)5

6.250(1case) . 1case Intolerable

Acceptable

Tolerable

(0]

(0.5 %)

Fig. 13. Risk assessment based on risk matrix,

Table 12, Risk priority number(Risk ) Frequency ) Severity)
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Ao 4197} 8 PRI 24 34 5 9
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SF=H7} /1% Al SR BE dAo
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o
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Accident type Ha(zl\afli((iidigm I(iﬁ? (f;ﬁ%ggg}rll) (C(?rf\\/]:?stiin) (con%lesrls(ion) Risk level - RPN
Train(Car) fire Special vehicle engine/ engine part overheating 1 1.250 5.000 6.250 5 1
Traffic casualty accident caught between train and PSD 9 6.250 0.200 1.250 4 2
Traffic casualty accident hit by a train (vehicle) 19 6.250 0.200 1.250 4 3
Safety casualty accident construction site fall 4 6.250 0.200 1.250 4 4
Fire accident friction/polishing 1 6.250 0.040 0.250 3 5
Facility damage Damage to the line changer 6 6.250 0.040 0.250 3 6
Safety casualty accident Threats/Assault 1 6.250 0.040 0.250 3 7
Safety casualty accident Vehicle/equipment jammed 3 6.250 0.040 0.250 3 8
Safety casualty accident Lifting convenience facilities 9 6.250 0.040 0.250 3 9
Safety casualty accident object impact 7 6.250 0.040 0.250 3 10
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Fig. 14. Risk assessment based on ANFIS,

Table 13. Risk priority number(Risk ) Severity ) Frequency)

ANFIS Output

TRIMF_Constant

7.00000000
6.00000000
5.00000000
4.00000000
3.00000000
2.00000000
1.00000000
Risk Matrix Output

0.00000000 @
0.0000 10000 2.0000 3.0000 4.0000 5.0000 6.0000 7.0000

Fig. 15. R? of outputs,

Fig. 134 9 Sa= 73t7] A Ad= 2
Ab TAZE oA 2= ERIAIRE, Fig. 14914 A 5
T F37] 9IF ANFIS 290 SJHE g il
AR AlZst=]o] $1de 2ol ot e 3
7ol IR 57 1F 42A AAN 2 AYE SF W
e ZA7E ekt

Fig. 1504 A|& GL=% ANFIS 7|9k ZAH % A|A
g osle Wyl wala 13 oFE A & gk
e AEE WA TR T QUL A £ ) 1ho]
R G 17 2 AR F5E ANFIS 7]RE 919 w7}
o] 100% e Hofzrt

_E

6.3 YT Mo M=
gkl 9w FHAE AlZE ghal HIE SRS A
2 )Y A58 Table 1337 72Ho] A9 10742] ¢
HAPASIF 291 437)0] A= Ch
de 949l whet Table 129} vl
A HA= Ao A7t HAE U
71E e )] o3t SR EE7Hs TYT 9

A] Table 13

Accident type Haﬁ?dil?m I({jazsa;g)s (5532231) (ciﬁiiifin) (conlifrls(ion) Risk Level = RPN
Train(Car) fire Special vehicle engine/ engine part overheating 1 1.250 5.000 6.250 5 1
Traffic casualty accident caught between train and PSD 9 6.250 0.200 1.250 4 2
Traffic casualty accident hit by a train (vehicle) 19 6.250 0.200 1.250 4 3
Safety casualty accident construction site fall 4 6.250 0.200 1.250 4 4
Train(Car) crash Failure of brake fastening/relaxation (signal failure) 1 0.250 1.000 0.250 3 5
Safety casualty accident Other (Suicide) 1 0.250 1.000 0.250 3 6
Train(Car) crash fgg;‘er;s"f)fbrskﬁiiﬁ?tgnngfglga’;aﬁ"“ 1 1.250 0.200 0250 3 7
Train(Car) crash rail slippery 1 1.250 0.200 0.250 3 8
Traffic casualty accident at the train entrance jammed 3 1.250 0.200 0.250 3 9
Fire accident oxygen/gas 3 1.250 0.200 0.250 3 10
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Table 14. Risk priority number(ANFIS Output)

- TN

Hazard Event

Accident type (Middle)

Hazard Frequency  Severity Risk RPN RPN RPN
(cases) (conversion) (conversion) (conversion) (R>F>S) (R>S>F) (ANFIS)

Train(Car) fire
Traffic casualty accident

Special vehicle engine/ engine part overheating
caught between train and PSD

Traffic casualty accident hit by a train (vehicle)
Safety casualty accident  construction site fall
Train(Car) crash

Safety casualty accident  Other (Suicide)
Fire accident oxygen/gas
Facility damage Damage to the line changer
Safety casualty accident  Threats/Assault

Safety casualty accident  Vehicle/equipment jammed

Failure of brake fastening/relaxation (signal failure)

1 3 5 5 1 1 1
9 4 3 4 2 2 2
19 4 3 4 3 3 3
4 4 3 4 4 4 4
1 2 4 3 74 5 5
1 2 4 3 75 6 6
1 4 2 3 5 30 7
6 4 2 3 6 31 8
1 4 2 3 7 32 9
3 4 2 3 8 33 10
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H4:9] 591 ~ 691, Table 149] SIUE Ao} $-414:9)
791 ~ 1) Table 129] SIFE Ao} $-4149] 591 ~ 8
9= ojAl Hk
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A ) BT S VASUAE 37 A
7he g} th(%) W B whedste] mrt A
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