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ABSTRACT

This study performs an evaluation, using the economic feasibility analysis method, of the LTE based railway wireless
networks (LTE—R) service that is planned to be used for the future railway networks in Korea. Its objectives are using the
evaluation results and working to reflect the factors that lead to a maximization of benefits in designing an integrated railway
wireless network. This study analyzes the impact of implementing an LTE—R on the railway networks, in contrast to the
existing wireless network methods, e.g. VHR and TRS to new rail lines on an economic view. This results found that the
benefit cost ratio is greater than 1.0 with a 10% contribution to benefits of the wireless network service in the case study on
the Wonju—Gangneung rail line that will start operations in 2018; as a result, an ICT design is desired. For the introduction of
an LTE—R service for the Wonju—Gangneung rail line, design specifications need to increase to benefits for each service,
which will verify actual contributions and therefore result in an overall economic effect.

Key words : Railway Wireless Network, LTE—R, Economic Effect, BCR(Benefit Cost Ratio), Economic Analysis
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(Table 1) Detailed Applications of LTE—R

Type Outline of Detailed Applications
Train (1—01) Train radio and RBC access service
Control (1—02) Train monitoring data transfer service
Data (1—03) Train control permission data information
Services transfer service
(2—01) Individual voice call service
(2—02) Emergency call service
(2—03) Voice communication call service
(2—04) Group voice call service
(2—05) On—train incoming voice communication from
. the controller towards the driver(functional addressing)
CZ;:;H (2—06) Location—based call. services(location —based
._ addressing)
1cat1f)ns (2—07) Shunting mode communication service
Services (2—08) Direct communication service
(2—09) Support communication service
(2—10) Voice call recording service
(2—11) Emergency safety communication network
inter —working service
(2—12) Inter —working service with existing network
Data (3—01) Database prioritization service
. (3—02) Inter—working service with emergency
Services L C.
communication network
Video (4—01) Video information transfer service
Services (4—02) Video information recording service
(4—03) Group video call (video PTT) service

A Railway Traffic Control

O,

F. Other Inter-working Networks
PS-LTENetwork
: TRS-TETRANELWOK

| VHF RadioNewwork

TRS-AETROMNetWark

\TE-R

Fthernet
HBC Mnﬂu:k - Cantroller O
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(Fig. 2) Structure of LTE—R Railway Wireless Network System

Vol.15 No.4(2016. 8)

The Journal of Korean Institute of Transport System 133



(Table 2) Results of the Analysis of the Benefits of LTE—R Services
Services Detailed Applications Notes
Prevention | * Prevention of Reduction of physical damage
an d railway accidents Reduction of personnel harm (benefit 1) Quantifiable effects of
f(;lll;);:u;el;p Reduction of physical damage |accident reduction (personnel, technical
. * Follow—up measures - and external factors)
Railway of rgélway to railway accidents Reduction of personnel harm
contro] | accidents Reduction of secondary accident
data -
. . Reduction of customer
service Enh{incime Customer perspective opportunity cost
nt o . .
railway Increase in transport capacity (benefit 2) Quantifiable effects fol%owmg
. . . - - the enhancement of transport efficiency
oli;a_ra_uonal * Processing perspective| Reduction of maintenance cost
efficienc;
v Reduction in operational delays
Reduction of customer opportunity
cost
Voice * Customer perspective | Enhancement of service quality | (benefit 3) Quantifiable effects of an
call Customized Enhancement of the scope of enhancement in work quality and
service voice calls service pe processing as a result of the use of an
integrated device for train crew
. . Reduction of task processing time
* Processing perspective - -
Strengthening of task quality
Reduction of customer opportunity
cost
Direct Dat Hieh—val * Customer perspective | Enhancement of service quality (benefit 4) Quantifiable added benefits of
benefits ata igh ~valu Enhancement of the scope of |the provision of a train crew IT service
service e data . o
service (ticketing, etc.)
. . Reduction of task processing time
* Processing perspective - -
Strengthening of task quality
C . Benefit from customer video
« Customer perspective inf . .
ormation service
Video Iitflhj;;;n Enhance video situation control | (benefit 5) Quantifiable added benefits of
service | . . . . efficiency the provision of a video service
information | « Processing perspective — -
Cost—reduction in the maintenance
of alternative system
Reliable Reduction of user opportunity cost
Certifica cont]ir(r)lnu;nca « Customer perspective Enhancement of service quality | pid not quantify effects due to the
tion a.nd certificatio Enhancement of the scope of | absence of direct factors for certification
security n and service and security
security | « Processing perspective Reliability of task quality
Reduction of user opportunity cost
Emergen| pee o | Customer perspective | Lnrancement of service quality | (benefit 6) Quantifiable benefits and
cy emergency Enhancement of the scope of ~ [COSis as a result‘ of the provision of an
network measures service emergency service and utilization of
sharing - . 3 common infrastructure
* Overall societal | Cost reduction in constructing an
perspective alternative system
Domestic and * Increase Korean LTE—R technology in domestic market
overseas market (benefit 7) Market generation effects
Indirect generation * Increase share in overseas LTE—R technology
benefits

Improvement of
environment

* Energy reduction

Reduction in energy —use/TOE

* Air pollution reduction

Reduction in CO/air pollutants

(benefit 8) Improvement of environment
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(Table 3) Benefits from Measures to Reduce
Personnel Harm

Contribution to
benefits 1% | 3% | 5% | 8% | 10% | 15%

Killed | 1.23]370| 6.17 | 987 | 1234 1851
Number | Serious

e injury | 115|345 | 575 | 9.19 | 1149 | 174
persons | Slight
reduced injﬁry 145|434 | 724 | 11.58 | 1447 | 2171
Subtotal || 3.84 [ 11.53] 19.22 | 30.75 | 38.44 | 57.66
Cost of @m 7.10 2129 35.48 | 56.77 | 70.96 |106.44
reduction| Serious | g0 | 5 71 | 455 | 704 | 905 | 1357
measures | Injury
(hundred | Slight
million injgry 008 | 023|038 | 0.60 | 0.75 | L.13

KRW) [Subtotal || 8.08 |24.23] 40.38 | 64.61 | 80.76 | 121.14

(Table 4) Benefit from Accident Reduction Effect
of the Wonju—Gangneung Rail Line
(Unit : hundred million KRW)

Contribution to
benefits 1% | 3% | 5% | 8% | 10% | 15%

Wonju— Gangneun
¢ Rail Line 1.02 | 1.57 | 211 | 292 | 346 | 4.81
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(Table 5) Benefit from Operational Effect of the
Wonju—Gangneung Rail Line (Unit:

hundred million KRW)

(Table 7) Benefits from the Provision of a Train
Crew ITS Service(Ticketing, etc.),
2018(Unit : hundred million KRW)

Contribution to
benefits

1% 5% | 10% | 15% | 20% | 25%

Wonju— Gangneu
ng Rail Line

682 | 943 |12.69 | 1595|1921 | 22.47
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(Table 6) Benefits from the Effects of the
Improvement of Task Processing,
2018(Unit : hundred million KRW)

Total w&;ﬁes
(Am}:u Ratio of the improvement in
salary*num task processin
ber of train p g
crew)
2012(2018 | 1% | 3% |5% (8% | & | ¥
Effect of train|
CreW’s USage | g4 19 13, 106. | 171. | 213. | 320.
_of the 6 | aa 21.38| 64.15 o0 | 08| 8a |77
integrated
device
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Total
wages
%Amiual
salary*num
ber of
train crew)

2012(2018 (1% | 3% |5% |8% }70 }75
(4 (4

Ratio of the improvement in
task processing

Effects of the
improvement |1844.|2,138.
of task 64 | 44
processing

106.| 171.|213.{320.
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(Table 8> Benefits from Voice Data Service on
Wonju—Gangneung Rail Line, 2018
(Unit : hundred million KRW)

Total ratio of
task processing | 1% | 5% |10% | 15% | 20% | 25% | 30%
improvements
Wonju— Gangneu
ng Rail Line

0.72 | 3.58 | 7.16 10.75|14.33{17.91{21.49
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71 AIE= <Table 9>8 24

(Table 9) Benefits from Video Service on
Wonju—Gangneung Rail Line,
2018(Unit : hundred million KRW)

Benefit ratio for
the provision of | 1% | 3% | 5% | 8% |10% | 15% | 30%
video services

Wonju=Gangneu| | 57|36 637 |10,19(12.74|19.11|21.49
ng Rail Line
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(Table 10) Estimated Cost and Benefit Reducing
Effects of the Co—use of PS—LTE
(Unit : hundred million KRW)

Total (10 years)
Cost
reducing c]::)fzef)telfet;‘ Annual
effect its from Sub | Benefits
from i total
co—use of| S
service service
Using
car | Mol g0 |1 2002 160
COverage | petwork
(0.7km -
for urban| _ Using
areas) | Wonju=G | g 27 | 46 | 36
angneung
rail line
Using
car | Mlomal |y | 2445 |4125| 30
COVeIage | petwork
(1.4km .
for WUS}ng G
tskirts) | YYOIU™
ouf ) angneung 38 55 93 93
rail line
Using
car | ™ol 3065 | 5767|9732 | 756
coverage | network
(3.3km -
for rural US,‘“%
areas) | Wonju=G | g, Bl |22 | 172
angneung
rail line
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(Table 11) Co—benefits from PS—LTE Network
on Wonju—Gangneung Rail Line,
2018 (Unit : hundred million KRW)

Total co—benefits of PS—LTE network 609
Benefits of Wonju— Gangneung Rail Line 20
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(Table 12) BCR Analysis Results : Constructing
LTE—R in Contrast to Constructing

VHF

5% 10% 15%

[ 10 years [ 062 0.87 L12

Analysis [0 cors | 07 098 126
period

30 years 0.77 1.08 1.39
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(Table 13) BCR Analysis Results : Constructing
LTE—R in Contrast to Constructing

TRS

5% 10% 15%

Analys 10 years 0.71 0.99 127

i§ 20 years 0.8 1.12 1.43

period 30 vears | 088 123 1.59
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(Table 14) BCR Analysis Results : Constructing
LTE—R in Contrast to Constructing

VHF
5% 10% 15%
10 years 2.09 234 258
Analysis
period 20 years 2.35 2.63 291
30 years 261 291 322

2w 44 A TRS ¥l LTE-R A2H 9|
BCR 24 ZAIE <Table 159 Zow wEF
BCR>1.02.2 Yeltz 9t}

(Table 15) BCR Analysis Results : Constructing
LTE—R in Contrast to Constructing

TRS
5% 10% 15%
10 years 238 2.66 295
Analysis
period 20 years 2.68 3.0 332
30 years 297 332 3.68

3) T2 AlAKY

<Fig. 3>3} o] Y77 3te] AyAe axr

e A 37 AFEagel #HA 7
o o] 5%9 ALE 336H, 10%Y A$= 2.694,

15%% A= 2328074 24 ura}ur 9.

B5% Increase % 10% Increass = 15% Increass

(Fig. 3> Comparison of Benefit Cost Ratio Between
Including and Excluding Indirect Benefits
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