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A Feasibility Study on the Alternative Investment of Communication Equipment of
Seoul Metro Line 9
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Abstract

The Seoul Metro Line 9 route connects the core region of the southern Han River (Gangnam) and other important areas
such as Jamsil and Yeongdeungpo. The first phase facilities have existed for over ten years since they opened in 2009.
Therefore, it is essential to replace the equipment through alternative investing. This study aims to perform a feasibility
assessment for alternative investment in communication facilities following the “Guidelines for Performance Evaluation
of Railway Facilities". First, a set of alternative investment equipment was defined, and the performance of each item was
evaluated through status surveys, interviews, and statistical analysis. Subsequently, the evaluation grade was derived
by calculating and applying the weight of each item in performance evaluation based on AHP analysis. Accordingly,
all communication facilities on Seoul Metro Line 9 were rated as grade D or less. To ensure stable management of the
operations of the urban railway, it is necessary to frequently improve and replace the communication facilities. To the
best of our knowledge, this is the first study that applied the standards established by the Ministry of Land, Infrastructure,
and Transport for the alternative investment of communication facilities in the railway field. Additionally, this research is
expected to be an important reference for promoting similar projects in the future.
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» Definition of alternative investment equipment
item

» Determination of performance evaluation

» Performance evaluation

— Qualitative evaluation: Field investigation
— Quantitative evaluation: Facility status, statistical analysis etc.

» AHP survey
— Calculation of weight for each performance evaluation item

» Performance evaluation results
— Evaluation index calculation

— Evaluation grade

» Technical feasibility assessment

Figure 1. Performance evaluation and feasibility review procedure
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Table 1. Previous studies

Author Year Equipment Analysis type
E]E~s: o] Performance
Park et al. 2009 LDPC evaluation
_ . System
23 Q| Train control
Joetal 2010 system development
and application
&8+ 9 Railroad integrated Feasibility
2013 . X
Song et al. wireless network analysis
2T Wireless
. : 2016 communication Status review
Beomgon Kim
system
2040 Feasibility
oo VHF, LTE, WiBro, TRS,  analysis,
Younggeun 2013 WCDMA Cost-benefit
Song .
analysis
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Table 3. Performance evaluation summary
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Table 2. Communication equipment survey criteria
Equipment Criteria

Electric wire Sampling

Equipment and devices Totality / Sampling

Control facility Sampling

Source: Ministry of Land, Infrastructure and Transport, Railroad Facility
Performance Evaluation Guidelines, 2017

Section Safety Durability Usability
Performance of preventing casualties  Performance of facilities to maintain ~ Performance that provides adequate
Definition  and damage to facilities under the the functions required during the convenience and function in terms of
requirements of railway facilities service life of railway facilities use and demand of railway facilities
Corrosion-Crack-Leakage-Slope- ]E)peratlng rate, Breakdown-Disability
. . . requency,
o Deterioration-Insulation, Subsidence, ! . . .
Main items : . . Product discontinuation, Maintenance
Abrasion-Strength-Noise Elapsed years, Using frequency, frequenc
Installation environment qt Y .
Equipment capacity
Corrosion-Crack-Leakage-Slope:
Auxiliary Subsidence, Abrasion-Strength-Noise, - .
items Operating rate, Breakdown-Disability frequency Installation environment

Breakdown-Disability frequency

Source: Ministry of Land, Infrastructure and Transport, Railroad Facility Performance Evaluation Guidelines, 2017
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Table 4. Alternative investment facilities
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Middle class Subclass Classification Signaling equipment for line 9
Otical STM(Synchronous Transfer Mode) -4/16/64 Main transmission facility
Transmission pheal o . . . -
equipment transmission  Rectifier Main transmission equipment rectifier
facilit : . "
acity Storage battery Main transmission facility storage battery
Central control Main control device TRS(Trunked radio system) server
Wireless facility System management device TRS server
equipment Relay base EBTS: Base transceiver station
station Base transceiver device MOR: Master optical repeater
equipment SOR: Slave optical repeater
Telephone exchange facility Telephone exchange facility
Telephone Telephone Control telephone main device Command phone server
exchange exchange Control telephone distribution system Command telephone network device
facilityy facility
. . Interphone main device, Magnetic device,
Interphone main device :
Call phone, Emergency interphone
Central control device HSE(Host system equipment)
!??Sfﬁ%%gﬂ Reverse server LSE(Local station equipment)
Station equipment Indicator TDI(Train destination information),
communication EX-TDI(Exit-Train destination information)
i t . . . .
equipmen . A inf ion broadcasti in devi Automatic information broadcasting main
Broadcasting utomatic information broadcasting main device | &
equipment - : : - : :
Control remote broadcasting main device Control remote broadcasting main device
Passenger Video storage device CCTV DVR(Digital video recorder)
management
Video display device CCTV monitor large train space imaging
equipment
Video Camera CCTV Camera
equipment - :
Video UPS(Uninterruptible Power System) UPS
equipment Storage battery Storage battery
Video storage device CCTV DVR
Video . . . .
e(lquipment for Videodisplay device CCTV monitor
facility Camera CCTV Camera
monitoring
Video surveillance enclosure Video surveillance enclosure
Computer Central computer HCS(Host computer system)
equipment Reverse unit computer SMS(Station monitoring system)
Single-use sales, transportation card charger ATVM(Automatic ticket vending machine),
Station Vending 9 ' P 9 BCM(Bill change machine)
2;‘5?{:??:& machine Traffic card unmanned and settled charger AAM(Automatic addfare machine)
Deposit refund machine DRM(Deposit refund machine)
. Automatic dog-counter AGM(Automatic gate machine)
ate

Emergency gate

EMG(Emergency gate)

60 "=ZEAE, M55 HMeE (2020)
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Table 5. Performance evaluation items and standard

NO. Section Items Standard Score

Action 1
o ) Caution 2

1 Safety Deterioration-Insulation
Allowance 4
Normal 5
Action 1
Caution 2

2 Safe.t.y Abrasion-Strength-Noise
Durability Allowance 4
Normal 5
Action 1
3 Safety Corrosion-Crack-Leakage: Caution 2
Durability Slope-Subsidence Allowance 4
Normal 5

—

Exceeding the useful life
Less than 0~25% Useful life

4 Durability Elapsed years Less than 25~50% Useful life
Less than 50~75% Useful life

oW

75% or more of the useful life

—

Damage from salt

Outdoor pollution

Durability

Usability Installation environment Indoor pollution

Clean outdoor

g W N

Clean indoor

—

100% Facility Operating rate

Safety

Usability Operating rate Facility Operating rate of between 20~80%

a1 | w

Facility Operating rate withing 20%

—

Breakdown frequency increased for the last 3 years in a row

Breakdown frequency increased for the last 2 years in a row
Safety

7 Durability
Usability

Breakdown-Disability

f No increase in breakdown frequency in the last 2 years
requency

No increase in breakdown frequency in the last 3 years

a| W N

No increase in breakdown frequency in the last 5 years

—

A genuine/alternative discontinuation

8 Usability Product discontinuation Production by single manufacturer

a1 | W

Production by multiple manufacturers

Increased maintenance frequency for the last 3 consecutive years 1

Increased maintenance frequency for the last 2 consecutive years

9 Usability Maintenance frequency No increase in maintenance frequency in the last 2 years

No increase in maintenance frequency in the last 3 years

a bW N

No increase in maintenance frequency in the last 5 years

—

No dualization

10 Usability Equipment capacity Equipment capacity dualization 3

(Equipment+Line) Capacity dualization 5

Source: Ministry of Land, Infrastructure and Transport, Railroad Facility Performance Evaluation Guidelines, 2017
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Table 6. Standard for qualitative evaluation items

Score Ranking State Evaluation results

The results of the judgment are equal to or greater than the value of the design criteria (regulations,

5 a Normal  guidelines, menus, etc.), and train operation-related facilities are in good condition where trains are
allowed to enter.
The value of the result does not exactly match the design criteria, but it does not need to be

4 b Allowance supplemented by the value within the tolerance range, and train operation-related facilities are
permitted to enter the train.
The value of the result is outside the allowable error range in the design criteria, but it does not

2 d Caution  pose an urgent danger to the safety of the facility and can enter the train if simple supplementary
construction is required.
If the value of the judgment results is significantly outside the allowable error range of the design

1 e Action criteria and poses an urgent danger to the safety of the facility, and significant supplementary

construction and improvement is required

Source: Ministry of Land, Infrastructure and Transport, Railroad Facility Performance Evaluation Guidelines, 2017

Table 7. Standard for quantitative evaluation items

Section Definition

Evaluation considering the installation
period compared to the useful life of
the facility

Elapsed years

Installation
environment

Evaluation according to the installation
location and environment of the facility

Evaluation considering the operation

Operation rate hours of the facility

Breakdown-Disability ~Evaluation based on maintenance-

frequency related statistics for the last 5 years
Evaluate whether the product is
Product discontinued, whether a single

discontinuation manufacturer or multiple

manufacturers exist

Evaluation based on maintenance-
related statistics for the last 5 years

Maintenance
frequency

Evaluation based on maintenance-

Equipment capacity related statistics for the last 5 years

Note: Ministry of Land, Infrastructure and Transport, Railroad Facility Per-
formance Evaluation Guidelines, 2017
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Figure 3. Breakdown-Disability frequency

Maintenance frequency
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Figure 4. Maintenance frequency
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Deterioration- Insulation
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EBreakdown-Disability frequency
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Operation frequency
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Figure 6. AHP investigation items
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management facilities (Durability)
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Figure 10. Importance in the evaluation section of operation
management facilities (Usability)
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Figure 13. Importance in the evaluation section of customer
facilities (Durability)
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Section Main category Importance by performance evaluation item img‘:::xce Ranking
Deterioration-Insulation (0.296) 0.209 2
Abrasion-Strength-Noise (0.095) 0.067 5
I Safety 0.703  Corrosion-Crack:-Leakage-Slope-Subsidence (0.167) 0.118 3
Operating rate 0.112) 0.079 4
Breakdown-Disability frequency (0.330) 0.232 1
Abrasion-Strength-Noise (0.176) 0.028 9
Corrosion-Crack-Leakage-Slope-Subsidence (0.178) 0.028 9
Operation I Durability  0.151 Elapsed years (0.232) 0.036 8
management : .
facility Installation environment (0.094) 0.015 13
Breakdown-Disability frequency (0.319) 0.050 6
Installation environment (0.101) 0.014 14
Operating rate (0.095) 0.013 15
B Breakdown-Disability frequency (0.346) 0.048 7
II. Usability 0.146 : : :
Product discontinuation (0.191) 0.027 12
Maintenance frequency (0.207) 0.028 9
Equipment capacity (0.066) 0.009 16
Deterioration-Insulation (0.294) 0.124 2
Abrasion-Strength-Noise (0.100) 0.042 10
[ Safety 0.376  Corrosion-Crack-Leakage-Slope-Subsidence (0.204) 0.086 5
Operating rate (0.107) 0.045 8
Breakdown-Disability frequency (0.294) 0.123 3
Abrasion-Strength-Noise (0.176) 0.021 15
Corrosion-Crack-Leakage-Slope-Subsidence (0.187) 0.022 14
Customer II. Durability ~ 0.109  Elapsed years (0.247) 0.029 12
facilitiesy Installation environment (0.089) 0.011 16
Breakdown-Disability frequency (0.301) 0.036 11
Installation environment (0.100) 0.046 7
Operating rate (0.098) 0.045 8
N Breakdown-Disability frequency (0.366) 0.169 1
II. Usability 0.515 : : :
Product discontinuation 0.174) 0.080 6
Maintenance frequency (0.198) 0.091 4
Equipment capacity (0.064) 0.029 12
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Table 9. Weighted evaluation score calculation

Perforn)ange Score Pl :‘\’I:;g:tt;(:‘ Type
evaluation items (%) score
Deterioration- "
Insulation A a (A*a)/100  Safety
Abrasion-Strength- " Safety/
Noise B b (B"0)/100 Durability
Corrosion-Crack: iy
Leakage-Slope- C c (C*c)/100 Dusrsftz |t|ty/
Subsidence y
fE'apsed years/Using d  (D*d)/100 Durability
requency
Installation " Durability/
environment : € (E*e)/100 Usability
Operating rate F f (F*hH/100 ng?gg/y/
Niaakil: Usability/
fBreakdown Disability G g (G*g)/100 Durability/
requency Safety
Product « "
discontinuation H h (H*)/100  Usability
Maintenance " "
frequency | (*)/100  Usability
Equipment capacity J j (J*)/100  Usability
Operation interval K k (K*k)/100  Usability

Total

100% 1~5(Score)

Source: Ministry of Land, Infrastructure and Transport, Railroad Facility
Performance Evaluation Guidelines, 2017

Table 10. Weight by performance evaluation items

Performance evaluation
items

Safety Durability Usability Total

Detenqra‘uon- 100 0 0 100
Insulation

Abrasion-Strength- 70 30 0 100
Noise

Corrosion-Crack-Leakage:

Slope-Subsidence 30 70 0 100
Elapsed years 100 0 100
Installation environment 0 70 30 100
Operating rate 30 0 70 100
Breakdown-Disability 20 20 60 100
frequency

Product discontinuation 0 100 100
Maintenance frequency 100 100
Equipment capacity 0 100 100

o) A A S 7
FA ok AL AN FE 557 Ak gue] 57

o B D olskz Frisglon,

o
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Table 11. Performance evaluation grade grant standard A7) Eeao i B7HE St wheba] F4l Fof I A A
Performance evaluation Performance evaluation A ol gt A7} elEet Ao g ] h((Table 12)
index grade 257
45<E<50 A
3.5<E=<45 B
VLEE

25<E<35 C
15=E=25 0 w5 AR WA Bk Aol gAt 5o g
1O=E=15 £ Shasl] 9ste] g 20ek Allolt, et T o] A Ho

Source: Ministry of Land, Infrastructure and Transport, Railroad Facility
Performance Evaluation Guidelines, 2017.

EFAPde 229}, AASk dAlFAARe] AL, ool

Table 12. Evaluation results of communication facilities alternative investment

Safety Durability Usability PRI PR

Section 1 2 3 4 5 6 7 8 9 10 index index index evaluation evaluation
index grade

STM 20 15 40 10 50 1.0 30 10 10 30 25 20 17 23 D

Rectifier 75 18 13 10 50 10 30 10 10 10 18 18 15 18 D

Storage battery 15 15 10 10 50 10 30 10 1.0 10 18 1.8 1.5 1.7 D

Main control 15 18 18 1.0 50 1.0 40 10 10 30 22 20 18 21 D

device

System

management 13 15 18 10 50 1.0 40 1.0 1.0 1.0 21 19 1.6 2.0 D

device

gas.e”ansce'ver 73 13 18 10 50 1.0 40 10 10 1.0 21 19 16 20 D

evice

Telephone 20 20 30 1.0 50 1.0 30 10 30 10 23 20 22 23 D

exchange facility

Control telephone 4 ¢ 55 35 10 50 10 30 30 30 10 23 20 29 24 D

main device

Control telephone 4 o 16 4 10 50 10 30 30 30 10 23 20 29 23 D

distribution system

Interphonemain 4 5 15 16 19 30 10 30 10 30 1.0 17 15 2] 17 D

device

Central control 13 13 40 10 50 10 30 30 30 10 22 20 29 22 D

device

Reverse server 70 10 20 1.0 50 10 30 30 30 10 17 18 29 19

Indicator 15 13 15 1.0 20 1.0 30 30 30 10 18 14 26 19

Automat.ic

g‘forma“o.” 18 15 18 10 50 1.0 30 1.0 30 1.0 20 18 22 20 D

roadcasting main

device

Control remote

broadcastingmain 13 1.3 20 1.0 50 1.0 30 10 30 10 18 18 22 19 D

device

Video storage 73 15 18 10 50 10 30 10 10 1.0 18 18 15 18 D

device

Video display 70 13 13 10 50 1.0 30 30 10 10 16 18 22 17 D

device

Camera 70 10 10 10 20 10 30 30 10 10 16 14 19 16 D

UPS 70 13 13 10 50 1.0 20 1.0 20 1.0 13 16 18 15

Storagebattery 13 10 1.0 10 50 1.0 30 1.0 10 10 17 17 15 16 D

C+S H|0|X|0fl Al<5(Continue on next page)
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Safety Durability Usability Pl PR

Section 1 2 3 4 5 6 7 8 9 10 - . = evaluation evaluation
index index index :
index grade
g'd‘?o storage 15 15 13 10 30 10 50 10 20 1.0 24 18 19 2.2 D
evice
g'deo display 1.0 13 10 1.0 30 10 50 30 20 10 21 1.7 2.5 2.1 D
evice
Camera 13 10 1.0 1.0 20 10 50 30 20 10 22 1.6 25 2.2 D
Videosurveillance 13 73 13 19 20 10 50 10 20 10 23 16 18 2.1 D
enclosure
Centralcomputer 15 13 25 10 50 10 30 1.0 10 10 19 2.4 19 2.0 D
Reverse unit 13 13 25 10 50 10 30 10 10 10 18 24 19 19 D
computer
Single-use sales,
transportationcard 1.5 1.0 25 1.0 3.0 1.0 40 1.0 40 10 21 2.3 2.8 2.4 D
charger
Held 7| Ee WA vda @A o] Bagt Aot U wAAAS AET of 83 = ol Fag FaakETt
2009 7HEet 9549 FAY= ¢F 10d0] Aol wep = Ao,
A Aole) WA WAk 275k oleh 20179 SRVIRE chek obN e tel AAA Bt gEe) 4 et
2018\ A7 742] 92 0] FAVAH] = oF 2,867719] 1ol 9] oo thar 4SSk AIE Rk vl Al Ttol=eele
71 iskGit), Aud 2 iy, AlolE, of AQhdHe] &= FEf Hoh HEdt Bt o] Fojd 4= e sfjof itk o=
O 2 AR} =A UeyTh SAEE gt gt Aoliet B AR Y] FAREETE o2t AT 5 of 2] Hofo] A5}
SR|ete wirel AAbajsiel QIFgALILE ojojd 4= Stk olo = AE Sdyste] BrREAle] EAHel it 2|53 Keto] o]
2 guluch Zae Folrl @T R, BAS Adel] glg  RolAoRE Aol
et A1) ZAaof Fie,
A =35k Awut 2o A&l gt 7 nAAR
Aoz SElo] Short, olE Siat kg HHE ARels ]
- o e
o 2, )Eha ofAl AEN 99 B, =elHel it Flol ;
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