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ABSTRACT

In case of anomalies such as infrastructure failure or train delay, autonomous trains operate efficiently and
reliably by adjusting the paths and schedules themselves without the intervention of the traffic manager. To do
this, autonomous trains set up a dynamic path within a few seconds in an exceptional situation. There are
various algorithms for searching the paths, such as a single-path algorithms and multipath algorithms. Among
multipath algorithms, we suggest Dial algorithm for dynamic path search for autonomous trains. The Dial
algorithm extracts only reasonable paths using rational conditions. In addition, the algorithm can capture an
uncertainty about the travel time of the trains by perception error. Tested on the Yeongdeungpo station of the

Gyeong-In line 1, the algorithm searched appropriate paths in a second on a regular and irregular situation.
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Fig. 1. Dynamic path search of autonomous train in
disturbance
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Algorithm Path Cost | COmputation
Time (sec.)
.. [100-101-94-95-1
Dijasktra 07-108-109-110] 805.5 0.003
[100-101-94-95-1
07-108-109-110] 805.5
[100-101-94-95-9
6-97-98-109-110] 806.8
[100-101-94-92-9
3-98-109-110] 8114
[100-101-94-92-9
Yen 6-97-98-109-110] 819.5 0.02
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-110]
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www.dbpia.co.kr



ke
Auh
N
o
offt
=
24

(o3
i
o2
i
_)|4_14
ol
it
ot
2
9
=

=¥/ Dial &

B 5. QXA dElrfe] W] wE A2 AdshE st
Table 5. Probability of choosing path on perception error

F 6. oluAs el m el A= B 2 A= A
HgE W3
Table 6. Probability of choosing path in the disturbance

Parameter

00 (05|10 |15 |20]25|30
()

Parameter | 61 05 | 1.0 | 15 | 20 | 25 | 30
(0)

P, 1025 0.03 |0.00 | 0.00 | 0.00 | 0.00 | 0.00

Prob. | 7 | 025|000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
of path| P, 1025|033 |021[0.12 | 0.07 | 0.04 | 0.02
P, 1025|064 |0.79 [ 0.88 [ 0.93 | 0.96 | 0.98

T A AP AR 2E 100 x=rt 4] 110

W rervl 227 A o qlx| 22} s=krlE(0)E 0.0
~3.07H4 2AsA Dial SuElES 8, A2

Ae] #5583 5ol Aelskoick WA 071 0.0 W=
4719] gl 72| AdelEEe] 0255 Al e
el 2o Fgo] 72 Aol &, A= A
2ol gt Qx| exp} & Ao B 4 9k

67} Aol we} x| 27} Ao n g 7 Hhe
AEQ 7R 4°] A9 ghgo] AXE I 5 glck
A7 29] 79 ARAZ|7) 3 w9E AR
AARZ o]Fslr] olef =<l 07} 0501k
AA W AeigEe] 0202 Yeplng Hr YELZ
o] AL A uieddltia & 5 glvk w3k AleAlst
717} 1R v9| 2 A s = AR 33 A2 4= 07}
wslsltiele Aleskgo] 0xXrl Z R gkl wsks)
A AEEhEe Wlsitiete gE glol wE A
22 AHgsid AAod A FAE S Aoz B
Qe

o A3 52 AR aAdo] sl
2PE AMEA] Rk 9o AR wstE
Agslodel. A Adbe]es kA At Fds

2} shetelelz) 15 olael 79 A= 3wte] gteld 4
22 34 =5k

spAler A2 AT A 2w A S
ARE o FEoE FslaL Fjsjelshs AE
A sk Adolek o] & g1l ele] FA-EA
#] 74 10070l e3te] Dial dare]FellA gt 2
o 5 Ak 9l AET PRV R <l

fau

£ 10.330.09 | 0.01 | 0.00 | 0.00 | 0.00 | 0.00

Prob.

£, 10.330.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
of path

£5 1033091099 | 1.00 | 1.00 | 1.00 | 1.00

A4 sejele] 97) 050)o] g A
A staA) et B s Ame] e
wsiaic). QA0 slejele] 07} 059 o, A1
= 23 105} o] vk A=} 1)) 2454
o] 5370, 27091 ZUA-5AA] AL 1070, 37 2 4
el ZHA- 517 e 242t 197) 2 o7 vebgt
o AR} 570 olaal FA)- B AL A
este. olelat AYARE o) AHaTel P2
A disk ARe] 52 5 e sEow )
sl Zlo] wishajsicln sk,

i

k%

A

60
53
50
40
30
20

10

1 2 3 a

38 10. 1007} FA-EAA AelAe] Pl Arg 6l
ES e k)|
Fig. 10. Histogram of reasonable paths for 100 OD pairs

v. Zd B

E =Eodde aE vEg Il S dx
jal L2|ES AME3le] A& Ak
g ZAZebd W ES A ATt Dial dae]Ee
el 3 2L W3 IS olgsl &

R
N
o,
g

A2 A7 o2 o] Awg Salsa A ol
BAZ i3 BT DL A eAE Wl
5 9l AR AT ATk A% 14 A5ES o)
spo 3 AYATAE Dial 2l Bat 7

=

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’18-04 Vol.43 No.04

2

Ir a0
1
i,
ol
it
(et
Lo
23
)
Lo

i
rlo
i)
il

o,
S
i
M
4%
1

< ;0
au
o,
)
ox
[e}

n o
o
>
ﬁ

ol KR

X
-

23N
=

BLU Y
)

)

= fARE A vehdisich ohekl =
A e w gk A A3 2853
Aol A=tk AR 5 570 A=
sh= Zlo] wigkslelar ekslch. A= o
Al 12 ool A zmee] 7hsdte] A
o &8 7Fs3t How At
2l A|Ag Dial YwElES 327} e
H] 3| 2 Y E| el 4]nt H-8o] 7hssiet wheba] Abe
T3y Az} sk o] hssht vlES
tr] = 35 Fvkele UEY = $4e] 283
o} w3k 50 u|§0 R B el oA R R 7}
galoi et Az FH A 2 R2AE=A A
Ao S aEFt o FAIZES A8 Aol Wi’k 7t
A7t desht w3 5 dvEe dAd AE
Holel g ghg3le] £ AdpollA AARE FAAE &
Ao gt dxAd b 53§ 2PEEA Y
4 A7k stk

e
i

FA

(ENT
Lilﬁm
AN T
oo 1Y
o,

e

References

[1] S. Oh, K. Kim, S.-H. Lee, J.-Y. Kim, and
Z.-H. Quan, “Headway calculation and train
control algorithm for performance
improvement in radio based train control
system,” J. Korea Academia-Ind. Cooperation
Soc., vol. 16, no. 10, pp. 6949-6958, 2015.

[2] S. Oh, K. Kim, and H. Choi, “Train interval

distributed

interlocking algorithm for autonomous train

control and train-centric

driving  control  system,”  J. Korea
Academia-Ind. cooperation Soc., vol. 42, no.
09, pp. 1-9, 2016.

[3] S. Oh, K. Kim, and H. Choi, “Shared resource
allocation scheme and interval control
algorithm for the T2T-based autonomous train
control system,” J. KICS, vol. 17, no. 11, pp.
1781-1791, 2017.

[4] RSSB, Closer Running (Reduced Headways -
Preparing a Road Map to Further Develop
the Closer Running Concept (T1095 Report),
Retrieved Nov. 30, 2017, from https://www.
rssb.co.uk/

[51 E. W. Dijkstra, “A note on two problems in

182

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

connexion J. Numerische
Mathematik, vol. 1, no. 1, pp. 269-271, Dec.
1959.

L. R. Ford jr. and D. R. Fulkerson, Flows in

Networks, Princeton University Press, 1962.

with  graphs,”

J. Y. Yen, “Finding the k shortest loopless
paths in a network,” Management Sci., vol.
17, pp. 712-716. 1971.

D. Sheir, “On algorithms for finding the k
shortest paths in a network,” Networks, vol. 9,
pp- 195-214, 1979.

E. Q. Martins, “An algorithm for ranking
paths that may contain cycles,” Eur. J.
Operational Res., vol. 18, pp. 123-130, 1984.
J. A. Azevedo, M. E. Costa, J. J. Madeira, and
E. Q. Martins, “An algorithms for the ranking
of shortest paths,” Eur. J. Operational Res.,
69, pp. 97-106, 1993.

D. Eppstein, “Finding the k shortest paths,”
SIAM J. Computing, vol. 28, pp. 652-673,
1998.

C.-B. Noh, M.-H. Kim, and M.-C. Lee, “Path
planning for the shortest driving time
considering UGV driving characteristic and
driving time and its driving algorithm,” J.
Korea Robotics Soc., vol. 8, no. 1, pp. 43-50,
2013.

J.-H. Im, S.-H. You, G.-I. Jee, and D.-H. Lee,
“A path generation algorithm for obstacle
avoidance in  waypoint navigation of
unmanned ground vehicle,” J. Inst. Control,
Robotics and Syst., vol.
843-850, 2011.

J. Kim, J. Heo, S. Jung, and S. Kim,
“Path-planning
algorithm and SLAM based on feature map
for autonomous vehicle,” Int. J. Fuzzy Logic
and Intell. Syst., vol. 19, no. 3, pp. 381-387,
2009.

R. J. Gaskinsn and J. M. A. Tanchoco, “Flow

path design for automated guided vehicle

17, no. 8, pp.

using  modified  genetic

systems,” Int. J. Production Res., vol. 25, no.
5, pp. 667-676, 1987.

M. Kaspi and M. A. Tanchoco, “Optimal flow
path design of unidirectional AGV systems,”

www.dbpia.co.kr



¥/ Dial FIFE BG AEFY A3 A A7

[17]

[18]

[19]

Int. J. Production Res., vol. 28, no. 6, pp.
1023-1030, 1990.

D. Sinriech and M. A. Tanchoco, “Intersection
graph method for AGV flow path design,” Int.
J.  Production Res., vol.
1725-1732, 1991.

R. B. Dial, “A probabilistic multipath traffic
which
enumeration,” Transportation Res., vol. 5, no.
2, pp. 83-111, 1971.

W. H. Greene, Econometric Analysis, 7th Ed.,
Boston: Pearson Education. pp. 803-806, 2012.

29, no. 9, pp.

assignment model obviates  path

Z 4 2l (Kyung Min Kim)

20049 2% dEEREl)es]
Akl shab

2016W 29 Agdigta Ak
st uhap

20061 49~FA : F=FHET]
AT Al

<A M, ¥ 2y, FauiA

1 M & (Suk-Joon Ko)

2012 2% AgHEgw %17]
FHE gAL

2012 9Y~&A) : Agdigtn
Abdgshat Aualggtatd

183

www.dbpia.co.kr



	Dial 알고리즘을 통한 자율주행 열차 경로탐색 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 실험
	Ⅳ. 결론
	References


