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Implementation and Analysis of Railway Design Model using
ei-Rail with Joong-Ang and Seo-Hae Lines

ABSTRACT

The railway route and alignment planning have been executed with a limited number of alternatives based on the site pre-survey and
the topographic map. This study developed an intelligent railway alignment planning program (ei-Rail) which can derive all the
considerable design alternatives and provide the data for the alternative evaluation such as constructions cost, operation cost, and etc.
According to the comparisons with prevailing planned railway projects, the time and cost for planning can be reduced as well as the
construction costs. This program may contribute to the development of railway industry by reducing the time and cost for planning as
well as the total project cost.
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Table 1. Comparison between Railway Design Programs
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o

o

Programs Characteristics
ei-Rail Vertical alignment, Horizontal Curve Design, 3D Simulation, Optimal Design, Google earth Map ex/import,
Automated Data Import, Cost Estimation, Easy learning
Tacoma Highway(Road) Design, Hard to learn
Blue Track Highway(Road) Design, Long Term Training Period
Bentley Rail Track Vertical alignment, Horizontal Curve Design, 3D Simulation, Optimal Design, Automated Data Import
Quantm Information folding

ool AgEoAx Itk o] 9ol AlFAX|ofFe] Tacoma,
ot A7kl Blue Trackso] UTHKRRI, 2013).

&J=re] 739~ TrimbleAle] Quantm Desktope] 79~ T2 1)
AAE ARSI Bukshe Hlo] ofd TrimblertolH =3
Z2ge olgle] APUAE Ve FA0 2 Hol Yk

Ferris (1990)2] SQL7iHIN we] B A4
djsle] 1hEsleiEt Data Base Management System (DBMS)
< A}BHITHKRRI, 2013).

Wang (1990)& =0} 9=z 748 T2z A= AAS
Bgele] . YEYSE BEskT RSk $AS Akt
(KRRI, 2013).

Choi (1996)2 15727 A7 44 &3t AAsrid
EQjste] A& A Al FAEIES arEshA] &AL viohed
=Z3199) Lee et al. (2001)2 GIS 2437147} 2174 gatg]
o Sfg EReHEAATA A volelE Yejro 3
Qefete] wiAgo] TFs AW IEE Ak

Lee et al. (2001)& GISEX73 A% daielsd 9
ERAEAR AT A HoTEE delHoR Tk glo] 4
o] SdAdAo) 7hedt A7 IS AT e 54
A A S T IEvRs RS TRtk

Shin (2013)= H= A9 AIRY ] sjala} 2goilx] 423}
2 B3} tiEe] GAYMEES ARgsto] Y tAlE
a3k

KRRI (2013)= A% =244 23e] AHP H7|& 53] d=

HO

o\ o o

4%
>
°

fo oL rok

Bababeik (2012)= z1dw]¢} ¢-FulE Lefsle] SR 27
ol GAYaLEFS ARttt

Huimin (2000)2 F= o] s]2A} ¢33} #dsie] 3]0
o) T8aE AR, SheE Y, oMEIE S B = als
F& HFE GAE AR8ste] FX3} S5t

GA arefse Herleie] 297 Tt 223} EAlelA]

FEHHAL eE & 5 Tk

3. ei-Rail ZZ ]

Zeage =7 velee) Qeiusst Aeie] S4ol wh W

B gEishe RR, AP §AYY, RS 1E, 4EE
L

% HHRE) Pk Ft Reporthd HES =2 gl

3.1 gn2|Ee| AMEHi

ke A= FEAEE ) 4tk B TRl Bt
7R k= %3122 Combinatorial Problem)-} NP (Non-Polynomial
Problem) 5] #Al= F78H2Q1 W o 2+ A3zl & GA
Fal= A9} vk o]28k Exact Solutiond ¢17] ol EAIE
23] 9184 th4l Optimal Solution T3H =4, o]uj
T APEE 2 AREShE Zo] ofd 8 I Bl

BAA A, AdEde) BAF 55 TR0 R BE3ie] o

Metaheuristics \
ﬁopulation \

Evolutionary
algorithm

Genetic algorithm|
Genetic
programming
Evolutionary
programming
Differential
evolution

Scatter search

Particle swari
optimization

Evolution | (Ant colony optimization)
strategy algorithms
Estimation of distributio

algorithm

Simulated
annealing

Iterated local searc
GRASP
Stochastic local search

[Vanable neighborhood searca | Guided local Searcfj

odw

Naturally inspired

1211dx3

Aiowsuw op

19810

Tabu search 1

Trajectory

youeas |eso]

Dynamic objective function

Fig. 2. Meta Heuristic Algorithm Diagram (from Wikipedia.org)

Vol.35 No.2 April 2015 409



ei-Rail& &8t LA my

A3} IS BARIL ZAIE shdskA |ck oluf o|zfsk 28+
HE EA5lo] Meta-Heuristic galg]Zo|g} 3ok

oo 7KL = FEF T she 7l GellA sl
Mg S8l B Bl i FE Foh s 3HE
W20 2 gt Aolnk

Simulated Annealing @312]52] A$ A &3} Ho]
AREH A= datelFolu 7hssl g Yol SEH R ERshe
TZE AY7] wie] zsidrtrvhs Akl wax] vk
clas) Ederd ool S8 B A9l GA 1o wh
S QAR o) mEgh SHEH O R Pss ASolth & el A5
AP a2k, THETAY T 1E B3 Mo 3 TS
T & lo) Hete 19 H29 Ak vk 5, GAS)
%7] Population 74 A], Random Rule W& FHsHA] &
Ak ¢Jaf| Feasible Solution ¢J¢3& o= AHw o] 7Fs3lth

darglEe] AAS HsiMe Al 54S aEdEt sA
daEjFo] EEAE BHsRL] F9of 3k, HXEE AhEshe
Je TS grsfjof 3R EEolth B dollA] AdEigE Genetic
Algorithm- 713220 2 Greedy Search ¢] 548 AYA|vt &2
TWARHT 7Fssl @& AEshe WhHol 2RIVl 28k
clrE A8 ob) glvk

B ope] Bl ZEAs)e) BAZA Fisel o Helal
3 HHeE 2=t 9lo] Genetic AlgorithmS ARE-3}9I.oH,
Station 7F H= IP7F HHARE A*dag]ES ARSSISIth

Heuristic ¢a12|50 2 o] & = Stk aflgite] gesir it
FeH o2 FHo] A < =AY 3 garglEs AResh
9} Fdisle A, B 3 IS BEH0 R BT = Qe
Heuristic@1 8|53 ARESH= Zlo] dwhz o]t} Heuristic Yale]
F2 TR 571 lout I F GA YAV HE 78] 31k
AoJer] 191 GA hlbge] the darelEe] xS 83kl
UL FHHs) o] WhE SXdS 7HAIAL Qlrk B e Felk
9] XEe Yo} & QARHAIE 24, B GAS RHEEAIR]
Reproduction 3|55 ZAsh= BPHo 7 3w 2] 715

3t

3.2.1 SAgeo| 1

EA3rE B SIS 3] $fsl e 3r1sEa GAd|
] Fitness Test oA AR5 Z2 o)M= HE Genome
of WlEE 2

410 Journal of the Korean Society of Civil Engineers

o 2§ % FPAYAIHOH:

L

Az

r
1x

GASIA 512 S8l falebl Baw si AL ofd Ay}
T Al sl ekt o erkE veliis Hestole) webd
BARK} o A AREe Hsl] ek 2 s el

w3, FAHEe o) 96 18t Y ol ol SHe

HPo] B FAL 7K PAE W] 1 HERISE

2 H1uT

o] BATo] WGk ghe 291l o8 AT Wgko]
RS S Aol Abgslollc

a:: Q:art/m}m‘k‘ + CB’ri,dye + CTIIJNLE?Z + CF}

acilities + csiati(m
while

Min  Farthwork Cost= E « (c,)

s.1.
E=3,AC, « 4§, if AC<0 thend=—1,
AC,= 0 thend=1,

a <, (begin point< end point)
a>0,6>0

oP, % vige an), 290, Jeplgo 2 BRI ol
Ve =7, we B, A, 7 5e) FrjLgst Sk
Bl Egtelan ik E3e AR 2] VI gol Abjsh
Hlgo] 74 2m] AA] AAIE BAAE 7 Fad adlelrk

3.3 GA Process
3.3.1 M| Process

TR 1RE GAZF ABSRE o] 7b oipiaee] gk A
5 MPHHsA GAS] S2lElE TAME e 2102 ZIskt
oA Add, wl, EAe], =g JHdA, TExRD A=
B9 Qe) e nelEn

darglFe] 7+ WA A8 Fig. 33 2tk

3.3.2 £8H Algorithm
<Stepl>27143 A4
GASRIRO AR 27 A3 S Aol 9]
ofe] FRAEE WA AT
) ALE A} AR 2710 & ASelE 1 ARE
M2 7)Y EFAZITE



2
of
1'011

GA Execution Condition
No. of Initial Alignments : 100
No. of Generations :200
Exchange Ratio : 0.5
Exchange Probability : 0.8
} Mutation Probability : 0.1
No. of Convergence Generation : 30

Optimization Start

<Step 1> Initial Alignment Generation

<Step 2> Initial Alignment Evaluation
T

v

<Step 3> Selection

!

<Step 4> Crossover
i

<Step 5> Mutation
T

i Temporary
Group
Formation

v

N
|
|
|

<Step 6> New Group Formation .
One Generation

| Increase

<Step 7> End Condition

Fig. 3. GA Process in Alternative Selection
- HHAE A7} Genomedl FAIZ 100712] Genomeo] A4
e ol ZriFdolHaL gk
AreMe SEASE ARt A A daelks
ARSBIE wAMES H83 YT THETE GA
27 AN TAREE 50%= A 9o mE 9

(=

N

2
Fete] A== 507071 Eck: o dAREe] AR
27sle AXA &2 AR IPPEV} EFER] gk
Genomeo] W7 1 H el 2y Hok

<Step2>%7148 H7}

- 27 Z7te] AEFAS)0N st EXEE SE3)

He) WPasE ok
2RISR Tt R o] Aiuo] 1) ge] Hm ko
= s o] Hehlel 10074e] Aeo] 7} the
Ao wHA Bk

<Step3>A1€(Selection)

el 7H ARCIRE) WRISE b ke ek
21t

B P olgste] el RS RS ML
@) dEgick

- de] Al e O JRAIAF(diversity) $18lo] Hlnl Ak
2tk ol £ol F A¥o] amiE glgte] El-8

el ofsf Hejsl=t] H3 HSHiA e &2 3

WS 739 A ARE Adde] FrAlde] ¥ES

tar 8 = Qi) o] 2 WIS Y5kl Al A] olaje}

-

=

il

i3

32

s
o

o

to
X
=

B2 gkl 71Este] 0.35 - 0.7 Apolo] HAant e ==
e 74 stk
1) 2489 1P 57} te — 184
2) FAYY fAA}) BS(EYE A — 088
3) T A&o] vls=sh tE(Z) IP7Ee] o184 Ag] 50m op3s]
IP7} AAIP AZolA A8k vle 24) — 0.01 -
0.994-&
- ko] AMEo] 1007fo]aL wAB]E0] 50%0]| 2 F25H ]
AegS AR §F, GAFYZz0 e} thie] ) ¢

EdRlolE Ik

<Step4>atH](Crossover)

e FRAYES amfste] APIEs AAgE

ol 2 mHlE 1= Ao] oplel GAZElE A A
& vl ghgo] wet alE sk 9je] A-pola
FES 80%= A3 AR SAchellx] < 202] A
7} o] Fojxith

- GA9] 352 arjAdtate] e A ofEske WA

TRXPe Aget i E A sken 1

T et 2Tk

1) GaLibo] A|3l= wrldy

2) HaAz 1P s

3) oA 1P uy

4) QJeIP Y

5) BEIP thd |

6) 9] ofe] aPPH F GATRY - arjAmict 17K s
A Mdeiste] anf4ey

S R AAAZE AR ol Pk

<Step5>E<3 o](Mutation)

AR AR AR tiste] GAFFzEelA ERE =
SIo|gkEe whel EeiHelE S=ygit) 91e] A9l =4
o] BHES 10%E A4 WE A F Ags:
9] 10%7} EQHeE Faggich

- B = AF(AE)Y] e A TE ke shr Al
o] FagZto] MAE o] F%(Global) H# S T3]
JelrE weA] Dasit

- B ol A= Aefek EohHo)
1) GaLib7} A ¥sh= E<hio]
2) JIP 17] AR
3) 2= 7)) 1P SER|A
4) QIP 157} B==

oI3Fe

hile] S vt 2ok

y

247

Vol.35 No.2 April 2015 411



ei-Rail& &8t LA my

5) Bahe] QelIP F7} e A

6) WG ke PR Adiste] 1

7) 91 ol Seivto] W 3 GAS) 3 Eeilo] vt
RS A Adse] Eeie] )

<Step6> 2 YUY

- Aeto ziE] A, ), See] IS A A 13
(Genome)5-& A4 A7 AR Fsisich

o] QEe] ABES el 3715 5 Th BAYSE
5F51] 37H8 130 tislel W F NS B
2 pEdn

- SARIERE el F71te] el 1Y S 15071 =9
o). o) % B} LR als) s07le) AIRE FEsje] A
AR Tk AEe] A S 100718 Tl 57
A o e dase A

A Ave A GAZISE F @A) A 1 57
sk

<Step7>Z85Z2A A=

- FRx A=t GAS] ks oAl EdAE Aske Zlo]
th GAF A AR A= Aot dA) AltiE
Hlarste] gkek AAA7E 1€ ARk Aohd GAZE
A& F38d 2|k

g oM FEzAc R FEAY 308 AHE B
223 304 GAZ Al 98 F FREAS A
3 Zlo|th A 300)e AT 7P Fe A
H7E 3040 7o) 71 & ¥ Al o GA
ks Fuslehs Solnk 919 7ok At 2004
& A7 SIIAIE F4: 304 7390l w2} 2004HHE
Z3}1e] 5004 B 1000 Ali7HA] Jst Al 2 e
ALk 1 o= Bk ARESE A Wl R 52 9%
A7t A 782157] el

- TRERE MESPE K3k FABAL GAE FE3H| v
Hehglel A WA Hde] Hzalge] drk

- Fslby F 7 ohiAle] 32315 TRea o) Al

- Z Y = (I xaAME2) x T2 A

- B = (F AESExaniElE) x F8 Al

ARSI = (7R AxuAM]E x EdRIoMlE)x

f

o o [y

333 FMAZE IS Ciete] A=

tiehsE 212 ulge Azlel vlelele] ZAA) Hk el

412 Journal of the Korean Society of Civil Engineers

o Ag Ul FPAYABIHA AR

T

Fig. 4. Vertical Alignment Alternative

‘ Modify Design Scenario ‘

L
Adjustment N
@ady )

Final
Optimal Alignment

- Design - - Route Grouping ~ Detalled - Define Final

~ Spatia i by Passing Area Adjustment for
- U Alignment - Search Optimal Optimal Alignment
Alteratives Alignment of each Group
by Group

Optimal Alignment

Fig. 5. Horizontal Curve Alternatives

2718 3ol HAHRE T3 Favt itk FHHRE A=
371 8l B2 AFelrE A* darglEs AT

A* GHE5e FolRl FUA| mroriE 527 =xr1A]
7he F ARE Zopks wE/ER] ¥ darels 7 shieltk
A*IIIERRS F e A 552 ek shuie o 24
A 92 JHIES T F¥ 55(Open List)o]i, & i
oln] ZALeF FHES T B3l E2(Closed List)o|tt darel&
o Aol TR] BEL o] 9lom, dYl HEL 02 ARPIHNE
< 7FAAL Qltk Zizte] WigolA] darElae I 5] s
< 7P et s TEAe ol G S04 Al En.
LgEp ) B3t o o3k SIAER ES Sk o) $IRE
o] M= ol dH HFel YL, o] G HEo) 9)aL 1719
A=}t ol AWt 7FsAP ) ] 2how 11 $ix|e] HRE 7YLlsick
T2, Thd T 91X|E0] o] el EEd) 9= ZlolH o))
ZANE v Flo|u g g FAR) Eagel] =sly] Hol g9
E50] H|oJAH ARQIXZRE 3t E=dshs A=7t EAI8F
2| = Flolth

), Eo) weshd B w9 kA 71 2k RS

ol Auhe AmE GRS g wio] FAEA Bk

334 XNEIESE £2 S)0| 17
AAFES FAMTHES] Hake & W ope}l Ade] 7ol

Hstol] Fo3F S itk B Il e EES o838t



SESEREE

27, BAW)

, AFECIESI, 52 9), A8 58 24519
7} JEjed 2 APXE Asla Tel=d A3} 33 A, 7B

oo adste] tre] HAAR(FTEE Y

HH)E AR

FHstajoli= oluf A2gE RS olgsle] SIS A=
.
I ERERECES P

IPHEIZ =St

THREES [

VipELE = 5t

SAHIEHzt

RS2 HE

HIZEIZHzt

R Rew,
W Rew,

10100 (91,8 E LE A2 0:00:05: 3

3/ <12 13 -5 (B2, 1073, (7). 814, 1181, 1072, -
94 1170, 1188, 1048 836, 1012, <1366, -

1D/<D>/12 = 1200, B?D (390) 040, 740, 920, 1140, -
750, 510, 700, 1060, 1290 -

13895 14215, -

-» 133,44, 139,16, 141,66, 134 B0,
1 160,11, 167,81, 180,40, -

12> 134,
137,20, 141,25, 145,32, 180,11, 18

od = 110401, 112444, 112089, 113634, 112175, 112254,
112726, 112686, 114574, 112540, 117437, 11789, <

54 —» T700B0. 173417, 173164, 175792, 173058, 173454,
174243, 174303, 177841, 174428, TRIET0, 182482, -

»

»

01,19 -» BE0640 -> 0, 59153, 168563, 55679, 10000, 0.
8.'5084. 0 0, 62146, 0 150000, 0, 0, 0, 19671 00 -

>

90,15} Le/aeCNT /0
246 (2 4%) Te/BpCNT 0/ 8%

=

Fig. 6. Elapsed Time by Process

FETEET B

EZE2M A A2

2 8 @A ZHzec) |HIZ(*%) | ILane(msec)
01, ST H L 4,178 1.2 0414
02, BHIFIRE 10,828 32 1,072
03, VCPMA 4,094 1.2 0,405
04, VP &/2H 4534 1.4 0,449
05, EFHLE] 4,502 1.3 0,446
06, HEDMH 4,159 1.2 0412
07, SEHRERD 21,646 E5 2,143
08, WEFET 3797 1.3 3,760
03 E12£7 33,304 99 3,297
10, Be{AEEHHE 1,502 2.2 0,743
11, EEHHEHD 5,734 1.7 0,568
12 ESEAIA 27.219 8.1 2 695
13, A/ S A 2 2-H] 1785 23 0,765
14, SEDFEJHHI & 16,082 4.8 1,592
15 HEEIEHE 4 265 1.3 0.422
16, BO/ZCET2|7| 10,796 32 1,069

TOTAL 335,596 100,0 33227
W 1Lane processing time =

Fig. 7. Elapsed Time by Process

4. A MY 40| Y

4.1 Ty

A=A 9 k0] Wk shte] FRow Brhd
t} 71E o1 A Aotk B oA Saaty (1980)7} Xﬂ
Analytic Hierarchical ProcessE AFg3te] t} 7]& oAbEA
sk} sich

Kim and Shin (2014)& ==X A 2ge] AHP 7oA
TRt o] Y8kl B} NS ANk A T
AEA, A7, S B s S, A, e 308E
gpdo g MEdAE e e 13, 221 B, 371 B 7IEllA
o tigk A= s #Aste tFo 2dE A=tk

tlo rO“ r1r

3)

S, = wthe] F0 SR W w2 ARE T

20} el Rail 223} HE "] ’\] TR 7]174@34 501*8}
2 sHsles Ao Uﬂ 'r19L AAR T2 AN A2E ei rail

Table 2. AHP Weights of Railway Design Elements

Ist Classification 2nd Classification

Elements | weight Elements weight

Quantity of Earth Work 0.18

Construction 017 Quantity of Bridges 0.38

Cost Quantity of Tunnels 0.32

Facility Cost 0.12

Design Speed 043

Design 036 Horizontal Curvature 0.30

Elements Grade 0.18

Cant 0.10

Scheduled Speed 0.47

Operation 0.17 Operation Time 0.19

Elements Route Length 0.09

Operation Cost 0.25

Pass Point 0.39

Geographic 0.4 Water System 0.17

Elements Urbanization 0.28

Mountain 0.17

Running Time 0.41

Pefr’;gﬁilaalﬁce 0.07 Manual Time 0.29

Non-use Time 0.29
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Table 3. AHP Result of Joong-Ang Line by ei-Rail

w2 ' AL AT FARES=1/5,000), HH 2 FTH)
I, AARIA 5o AaE o stk

Final Weight Evaluation Weight Evaluation X9 0] HyR= 2AJo] Zolst AR AL ujEke 2 By}
018 ! Holon] bk the Eol 2k Jlende] Brhavhick
017 S - $5ab WAEES & 5 ek
o 5 2 Ahs 9 Table 29] A|#9] 714 E vIRC R T
e - Alo] Hguigick 9le) Tot ATkl 2 S o)
T ; 24 ke olelel Aol <8 ARSI
0.36 6.83
0.18 4
0.1 4 Decision Value = i W 2 .« Atrb})
0.47 7 =1 k=1
7304 0.19 8
017 631 0.09 5 oful, Wiz 7 A% 258 71xjol, ‘A= 23} 27 9]
0.25 5 ZARE grolok
0.39 9 o] TR [1,10]01, S oA Al Aghwol gk
024 54 0.17 5 AHPZ7 1= 67804 2F53he AAIS 8-83) ei-Railo]e] gk
0.28 9 108 % 73902 Vet
0.17 8
041 > 4.3 Maloro] Mo Hrtza;
007 % 029 ¢ ARkl BE gidelEE B85 ofele WA AR
029 4 1ke) s TEAATE (M At EAAH] A]10F
Table 4. AHP Result of Joong-Ang Line Before Table 5. AHP Result of Seo-Hae Line by ei-Rail
Final Weight Evaluation Weight Evaluation Final Weight | Evaluation | Weight Evaluation
0.18 5 0.18 6
0.17 6.76 0.58 ’ 0.17 7.5 0.38 k
0.32 7 0.32 [§
0.12 8 0.12 9
0.43 7 0.43 8
0.36 5.61 03 ! 0.36 838 03 k
0.18 5 0.18 8
0.1 5 0.1 8
0.47 6 0.47 7
6.7448 0.19 7 7.9489 0.19 8
0.17 6.21 0.17 7.53
0.09 9 0.09 8
0.25 5 0.25 8
0.39 9 0.39 9
0.17 6 0.17 7
0.24 8.41 0.24 8.58
0.28 9 0.28 9
0.17 8 0.17 8
0.41 9 0.41 4
0.07 7.17 0.29 7 0.07 4.54 0.29 6
0.29 5 0.29 4
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Table 6. AHP Result of Seo-Hae Line Before

s
o

o

Final Weight | Evaluation | Weight Evaluation

0.18 5

0.38

0.17 5.88

0.32

0.12

0.43

0.3

0.36 7.73

0.18

0.1

0.47

6.6132 0.19

0.17 5.28

0.09

0.25

0.39

0.17

0.24 6.9

0.28

0.17

0.41

0.07 3.96 0.29

N N - BEN B B B B N B B e I I, T IO T S R B AN eI BEN B e W O, T RN |

0.29

S AAPEA] o] 7 P2 10.66km = A g

ei-Rail 2 AAS] 2 2} ofg=

T R 7R
AAEL F VAR otk o)
2o My he] HrasE Aok

Aeiebde] B7dre] 7k [1,10]019, o] A7
gk AHPZ = 6.6%0x 253l 1S

gz

283} ei-rail ol 41 2]

o 108 % 79902 Uehitk
5. 22 W YR A

il

B 7o) ci-Raile TR Uiole] W71 9Jeh ARFAZHE YIS
7HAE 5 glom, Aol Teld 4+ 9l tiele] A Bk we
Yok ¥ ¥ 5 QJome 1 F o vhe thake bl 4
Ik of= oAl Holut AR Wl Qo WA
ool FHo] 7lthshz Folrk

MY a o] AHP /bt 29ue iAol vig A3
6.791 73202 oF 0.6%(8.9%)°] /AL, Hslokie 7)E
6.6914 7.98.02 1.38(19.7%)°] 7AM =Tk

1

i
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A yPEs) oole F018-2 oF 5% A7E A= vgke
o, qaferae] Ag- oF 27%EolE Ao g EHEJEY ol
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