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A Study on Prediction of Suspension Time of Unmanned Light Rail
according to Safety Personal Deployment
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'Corresponding Author Abstract : The number of unmanned light rail train operators is continuously
Sang Log Kwak increasing in Korea. In a failure event during an operation due to the nature of the
Tel : +82-31-460-0547 unmanned operation, recovery is performed based on the remote control. However, if
E-mail : slkwak@ut.ac.kr remote recovery is not feasible, safety personnel arrive at the train to resume the train

operation. There are regulations on safety personnel and the suspension time of the
Received : November 16, 2022 train operation. However, there is currently no rule for safety personnel deployment.
Revised : December 23, 2022 Currently, railway operating organizations operate in three scenarios: safety personnel
Accepted : February 8, 2023 on board trains, stationed at stations, and deployed at major stations. Four major

factors influence the downtime for each emergency response scenario. However, these
four influencing factors vary too much to predict results with simple calculations. In this
study, four influencing factors were considered as random variables with high
uncertainty. In addition, the Monte Carlo method was applied to each scenario for the
safety personnel deployment to predict train service downtime. This study found a 17%
difference in train service suspension by safety personnel deployment scenario. The
results of this study can be used in setting service goals, such as standards for future
safety personnel placement and frequency of service interruptions.
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Table 1. Status of unmanned light rail operation

Company Lekr:ﬁth No. of Passenger No. of
station per train safety staff
A 31.1 13 940 257
B 29.1 27 206 259
C 23.7 10 172 94
D 23.1 30 265 245
E 224 21 184 68
F 18.1 15 133 69
G 12.7 14 312 175
H 114 13 174 43
I 10.6 15 236 53
J 7.5 11 158 TBD*
189.7 169 1,263

e 272

W73 7hs

MEAl 271 ek Aol B2 ol FA=H}

Ak et Wel eogel

2.2 SHEC AIZH SHOIXISY 24

7| 8A 4 A AHE Al
oA 3F EAI7E DSt EARF HARE A
SYTALANAN BAEAE Al BldETE A

Hol| 71&E LAAN AUgles Aaesict 23 A
A AR 2F 7P e Azl A8 EE GRIAE
=23l7] Y =l 107) Ao AHE 97|

ARI} Qg Ho}l HRUPE Q8] 2ria] ELAx), ]
A g iR, 7Rl BEA|AES BAEI

Rl A 2T B EA 2t
A 2k ATAAE Z3) 22 W A A0 Ao
Ado] ZHEWA EA7} g AR 0 gat A4
Z7] s, AFAo] 2o AAEoZ WA, AN
o] F7F AR & Fdl BAE ANEHOR st
ok ey e aele] £ AR HW ZA2 A
7F ®]7] 9k 7PAF uke x]7to] A QR olxjoltt o]
2 9l erda gl Hix| wale] ol Ha AT 9
o] B :,Loﬂ/qh oL Q9] HiX] WHAlo| 2HE F

A7} g Ak @Ae} Zo] Horol
5 7Hget %-Eil%?‘% XH7H Aueles 482 4
W 208 o) 4e] LaFo] o SE|o] A4 R4
o] &7ksstes Hol 3l JEM A s
o] ARt At 102 ool 3 A
b Hsehich ROl AR wAle] A7
Pt 1AL |7k 18 o i/&j‘ﬂgiv‘:
127 A WAL sl 2 ﬁ%«ﬂW

e

Ho HO Ho ot

HO rL
ool X A Mo

L FFEALNN AT
3105}l Jﬁ o7 B2 A%3t & YA}
2rbssicta wgstel e agde] £ ¥
ahzdl] 4R EE ARKE S gk A AR
IR, WA A% e 7| 2 BYAA
kx| 9] A17h)
FAEANL BANE TR PAARRE 2
o] 7hsst, Rids] WA s ] 79 4l
S Fe¥Pol 7hssith ey Solek
°l
|=Ihva

ojuf AR SR W27 oAb gl A]
7to] 29 E+= 542 112fsto] Log-Normal =
g mﬁwu}
Aael 4z} WAl
o= gwo] FHE B xtz—s —z— A7
a900] #5 PP W A9} MR
A o] w72 217D
TAIAre] oo whek ALt Al ApolollA] <8
TLEZ0] obA @ Ylo] 1A dxjof HLs=
g2 Ql ol ARE ez o] StE &
ok 718kl =Rl AR7E Al dEF=
A, QAR o] SAIZE B AR AR
AT gL o 2 ALte] 7hssitt. At
gol Aafel AAf Atolof Al qlel= AL glof
g AR YA LR ER 7}7@8}3‘1@
@ ot a e =4 7F(T¢) o o] 1Ak
AolA el g wel, TS 11 75
A HIARA zzlé 4F T QAZ X
ole &HlE vhrElehs ARRboloh(EAY Bl
Ao} AdulE WS gl seby R AE
SRk, PAA] SRANE Harshed A8
Sl ARD. Pl ade] Aot sl B2 9
il

@
r

HrNEzﬂm{nr

" m&

=



e

Ju

3l o] gl HETFe] 2] 7Hsalth Al
o] et 5 vl 2o 43 BFE°l F
7¥eteh wheba] P 9o XA

r“ off

2B

M Eaisa

Bz 7P ke Yol s Exo uket
GRS W QgolLt, QIR el o]Fgo]
1, TAL AHE FFo] Yol EFHAE HAF

7] 20%= 1Eskgich
QL AR 9] o] FAIZHTp) : P Qo] 114 4
S 15~25 kmh oJ5te] £HEE QT HAREA|
$E02 ST ojfo] B A=Y AQ 5

© Ao ofZle] 3wl HakE Ak ¢
Aof ueh Y etk 2 dtolAs wE
87t 253 SRER| oo} AFRER 71}
Ak FF ARRe Lol HeT 3 9o
LAY B4S 1T 98 RIS 54
g 4 9k

2.3 HE2N si4S S8t SUST AIZH 05
A WM =5 BT JFL WA
2 QApe] BAS M S 5 £ Aol

10

Monte Carlo A} |H-E
7IHEe FQ g3koixidHz I
"“/\174 th=0] wHEAQl ALkE S AT

53k s Foke gl Aol
A izl gt 37HA] AluE| ez A3
ZHAIZ el AufA Q1 FekS mlA= 470 ¢ XH %‘?e
%=3}~(PDF, Probability Density Function)®] £, Ht
Fh(mean), #EFHAKSTD), Z[hgH(Max), 445\—%I(1\/Im)g
Table 20| Z+zt =235} th E ALo)| A= Table 29|
7148 SEUEo] Ue 47]] FEASS WA
# 10,0002] 8] HHEA LS sk ich B3 EE SHE
o WA eAFS Fastslr] Qs da A Al
de Wsste] 339 m9H 24e F3skeith DA
342 3ukS|(EEAsE g WA % 120,0002)) 5 4=

l__

=
ELTE

alo] 1079 AWz FEE AFEE 4= 9l Monte

Carlo E/\]‘—— _'4—5]- OH/H /‘\j ) :rLlllz)oﬂH 7HHPQ
EE ARgsilen, Gy Ayt 59 HE52 Y

o WRlo s Rfskqlty. Eaked) FHAILE 202 o]
o) g2 107 oo B ol et 10 o]
Aro] Aue g AA3}9Th Monte Carlo df|A4A] 205
ojtf o] dakaANe HE2d Ay 21 o
A& ARESHTE
Ae 2 (T, + T+ T+ T, < 1200 )
Al 24 (Ty+ Ty+ Tpt Tp) > 1200 )

Table 22| S-EHUEF o] w2
A FARE AlZFo] 208 o]ui(1200% o)<l
o7 d|Astal, A Monte Carlo A]3j E’E-/F% 3
F315:0] 8-S AAFSHYIL) Table 22] SHEHS: AYA

Al Case 19] A< ok Q@ Yo] TAY Aajof oju] €
23l3 9loma 7]J4-/\} HEAZKTe) S ZeroR f4]
5 $- P o] AL wjR]Eo] gle

L Q*MHOM "’XP‘% Ax7HA| o) Sl 1A
AZHE 1Este] 7|3AF HEAZKTe) S 12025 34
5194}, Case 32 H5 Table 2419] SHERIZ(Fgho]

25529 HYBE¥)E A5} th Monte Carlo |4 2
o e Al amle WA B Fie

13} 72+ Log-Normal BE2 HAEQich 3714 74
of el AE3t HIEE A= o= o] 3 /\Egaq o
2 FH5%TE 208 oY Eap A HAEES
Fig. 104 A4 Qtol] 92|t o‘lﬂ‘—J WA o] ujga A
ek Ay 208 o) &3 AN HIES

Case 1AL o] Fafol| H5d ]"C‘ d-7)°l 90.5%=
7V 0w, Case 2(QPE Q0] HLE AL A Hf7]5}
L A9)0] A9 85.8%= LFERGTE Case 3(QHA Q0]
27 AAE $]Els A9)= 205 o|u) 3 A A
3-80] 76.8%% 714 WA el Monte Carlo %A}
2 23] ot a g Hﬂi] HhA) 37hAE R 208 o]ujo]
2 AN H3E EL LU RS LA
12D P Wotal et A7) A2
14% 2=29] 2}o]= Hol= 2 BE4E) olHgt
24 Auke 408 fogzum H2AAN SHE
2RE AL, SqwAle] chaade] wjol

L
1__\__

Table 2. Probabilistic charistics of major factors for light train suspention time

Probabilistic variable PDF Case 1 Case 2 Case 3
(sec.) type Mean | STD | Min. | Max. | Mean | STD | Min. | Max. | Mean | STD | Min. | Max.
Time to dispatch order(T,) Lognormal | 240 | 48 | 180 | 420 | 240 @ 48 | 180 | 420 | 240 | 48 | 180 | 420
Time to arrival to train(Tp) Uniform 0 - 120 - 255 - 90 | 420
Time to repair(Tc) Exponential | 300 - 180 | 420 | 300 - 180 | 420 | 300 - 180 | 420
Time to resume(Tp) Normal 240 | 48 60 | 360 | 240 & 48 60 | 360 | 240 | 48 60 | 360
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