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Abstract Crew rostering in railway operations is usually done by arranging a crew diagram in accordance
with working standards every month. This study was done to identify the problems related to the
creation of crew rosters in railway operations and to suggest an optimum crew rostering method that
can be applied in railway operations planning. To do this, the work standards of a railway company were
identified, and a genetic algorithm was used to develop an optimal roster with equal working time while
considering actual working patterns. The optimization process is composed of analysis of the input data,
creation of work patterns, creation of a solution, and optimization steps. To verify the method, the roster
derived from the proposed process was compared with a manually created roster. The results of the
study could be used to reduce the deviation of business hours when generating a roster because the

standard deviation of working time is the objective function.
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Table 1. Process of rostering optimization in railway

(1) Analysis of
input data

Data analysis for crew scheduling and
rostering

Derive working patterns through 6-day work
table creation and work pattern

adjustment

Create the roster value that distributes crew
DIA satisfying constraint

(2) Creation of
work patterns

(3) Creation of
solution

Derive an optimal solution by applying

(4) Optimization N :
genetic algorithm to roster values

Stage 1. Analysis of
Input Data

work patterns

Stage 2. Creation of

value

Stage 3. Creation of

Stage 4. Optimization

Fig. 1. Process model of rail crew rostering
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Table 2. Result of selection operation

Popul| _. Probability of | Cumulative .
ation Fitness selection probability Selection range
1 0.700 0.097 0.097 0<(r1€0.097
2 0.680 0.094 0.192 0.097¢r2<0.192
3 0.735 0.102 0.294 0.192¢r3<0.294
4 0.707 0.098 0.392 0.294¢r4<0.392
5 0.733 0.102 0.494 0.392¢r5¢0.494
6 0.752 0.104 0.598 0.494<r6<0.598
7 0.718 0.100 0.698 0.598¢r7<0.698
8 0.761 0.106 0.803 0.698¢r8¢0.803
9 0.716 0.099 0.903 0.803¢r9<0.903
10 0.700 0.097 1.000 0.903¢r10<1
Sum | 7.201 1
MEEE2 Eq. 3)3 ol 82 & AUh
Probability of selection : Ps;= M
Efztness
€)
Table 20141 gRIg 4= Q15%o] A3eo] w2t Eq.(3)
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0.700

0.700 Ps;:0 < 1y < 0.097
‘ ' 0.680
0.735

0716
0.761 \
0.718 ' ‘

0.752

0.707 Ps4:0.294 < 15, < 0.392

0.733

Fig. 5. Roulette wheel for selection operation
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Table 3. Crossover results with a probability of 0.8

Crossover probability of 0.8 (unit_hh:mm) ‘

Initial | 1% 2 3 4* 5t
Population| generati | generati|generati| generati| generati | generati

on on on on on on

1 07:12 | 07:28 | 06:39 | 07:16 | 06:49 | 06:49

2 07:41 | 06:29 | 07:21 | 07:27 | 05:46 | 06:15

3 06:21 | 06:31 | 07:11 | 07:11 | 07:11 | 05:46

4 07:01 | 05:24 | 07:41 | 07:11 | 07:11 | 05:46

5 06:24 | 05:42 | 07:30 | 07:30 | 07:05 | 06:49

6 05:57 | 07:30 | 06:35 | 07:41 | 07:34 | 05:43

7 06:46 | 07:33 | 06:49 | 07:33 | 06:42 | 07:45

8 05:44 | 07:39 | 07:33 | 05:13 | 07:30 | 06:20

9 06:49 | 07:01 | 05:13 | 06:42 | 05:43 | 07:02

10 07:11 | 06:35 | 06:42 | 07:21 | 06:14 | 06:36

Objective | 710 | 67:57 | 60:18 | 7108 | 67:49 | 64:56

Function

Table 4= WHjEFES 0.22 A3l wHjALRS A
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Table 4. Crossover results with a probability of 0.2 Zoloz A4S WHEL 20189 w0 s Ao
Crossover probability of 0.2 (unit_hh:mm) ‘ AE5HA = AHEE v WSk AL E7FS5)c) o]#gH
il [ 10 [ 27 157 [0 |57 g0 glopsjol sxjeio A WA} 2 Aol
Population| generati| generati| generati| generati | generati | generati _
on on on on on on &5 WHEE v BE9ES 4, 3o = AT
1 07:12 | 06:46 | 07:41 | 05:24 | 05:24 | 06:10 TEFE 2 oA &3 wHnel= g Fig 73
2 07:41 | 07:12 | 07:12 | 06:14 | 06:14 | 06:14 Zro] m|ake} thololr} whgsl AL gholgt 2= Qlt) o]
3 06:21 06:49 | 07:12 | 05:57 | 06:09 | 07:12 - S
4 07:01 05:57 07:11 07:12 06:10 06:14 —E-E'Luﬂ%l% %—!(‘)—JO] ‘;g—z‘: 7}101 O-]iq% X_}-CQO]U:] EL%-%
: 5 : : : :
Al7to] AQ o 71& Z=z}0jo 2 ZAE Y
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9 06:49 | 05:44 | 06:38 | 05:57 | 07:12 | 06:14 29 7 = A]7} x]-o]oﬂ H}E'- Huﬂ S }_aﬂ@_} 7}&0;@0]
10 07:11 07:11 05:42 | 07:12 | 07:12 | 05:57 9\1]:]'
Objective . . . . . .
Function 67:10 | 67:11 | 68:36 | 64:48 | 63:13 | 62:34
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Fig. 7. Manually written roster

At ﬂ“ﬂ% 0.2¢ 73 1]1'41—4 =33 —’F e 62*1
7t 3422 YERgeH, 7 *]1'41&‘ AL ol &2 g2
34,5499 05A17F 2478 FAIZES] EEHEATL 7}
4 4 Aoz wamgd,

WAEHE 0,89 A9 AhE AYSE BH35 glo]
ZSolEA= GAAT wHiEE 028 w2 APE &
2 £28) & 4 YUtk LA 025 AN ABS
2 H)wA BH%S gro] Sol=k FA0 2 Al =
@'EE lEo].z]_l: _-;_!;9_ 5_].0]@- A o]oh:].

X71011011*1 7P W2 AREE THAE g2 0541

Folt}. WHiEES 0.22 fAY S-S 8519
7é$ Aol REUAE 0541 2482 2089] Ao
£ E3ith wHjgE 0.8 4% A £EHA= 05
AZE 13822 3189 #olg Hit. ool upz} wajet
£ 029 0.8 A% 25 279 Boh w2 A}e g2

7NE A THEOH B FTrtolojolx] u]at
& clolop/} &l & el 44l Spolop
YA fong TEAZY| REWALY] ARt Hlw
£ ofgrh shAje sAldol 24 P H=s} 7y
B3] 271810t mlwste] TEAIZIY] HEWAE H 3
Hoaz zo] A7E T23l9t) B A4 RAS J’]’
AL E5) B A7F U thorst e =& 4 Qlo] £
Agog FHES YT A9 WS A7 QFHE
B A 5 A Ao ARH} B vlghg of
olol7} uhgs kerhe ol ek,

rLIIo

5. 28

7= AL 3018 <= Qi) b £59 wH 2H4 TUE AL SO AorEAS TakshT 9lo] 21o]
A B AFoA AARE PEES 483 A9 SRY &

A0 BE2EAE 29 & gt

O Az} 8 AF A s o ORI
ES HE 227129 MY U LA 7

139



AR &85 =5 4] 41208 A9E, 2019

=13

£ 24 BEse ¢

HAG WA 7Rs Aol 9] o ws
TEE AELG7|BNN A4H O AR ol
2o girk. & A7olA: A4 A o] 257
209 ARE BAstel 712 ATol ek gke
DRSSO TRARE BESE BHO

223t A &9 TEHeHS AA|5H

>

94 Aol Ans B8
=9 Agslgon $7AY 25N
DEAZ BEEAE BAYSE Blo] of
£ ol A 2R Soth ALTAZ 48 A T
WSS 029} 082 ro] wajRlie AT,
T A3 27 SEn vlaste] S50 2
FHAP} Ak 208014 Hj 31808 FojE A¥
shelgt 4 it

s7tglom ApgE TAROIA neg tholobr B4
3o olejet 49 SRA0] LEARE BEBATL AR
Hue 2RAzke BEstsi A gtk & A
oM Latiolole] g RIS EHse] T
£ A4ste] VUG tholoprt WIS gomm AE
saqlon A4s THEe vTstel TRARY EE
BAE Y % Y A0 Amdt 2 7oA g
3 A5 B WHEe] A5 e S A
& 2718 AT 1 EESGoDR, AT BES
olgslo] sTel 2715 A S B A4S
A o2 £29) Wi Fgo] F71Ew Hek AUH 3
#ale] £&o] 715 Zole.

References

[1] N. L. Heo, “A Crew Scheduling Using Set Partitioning”,
Master’s thesis, Donga University, 2001

[21 J. P. Kim, D. H. Kim, T.-O. Ha, “A Study on the Duty
Hour Structure for Railway Crews’, Journal of the
Korean Society for Railway, Vol.7, No.4, pp. 350-355,

2004

[3] Y. H. Kim, J. P. Kim, “A study on the crew roster
scheduling”, Proceedings of the Korean Society for
Railway Conference, pp.86-92, Nov. 2000

[4] M. M. Kang, “A Study on Cabin Crews' satisfaction

with their Schedules” Master’s thesis, Korea Aerospace
University, 2013

[5] J. W. Jeong, “Cabin Crew Pairing Model for Schedule
Satisfaction Fairness’, Master’s thesis, Korea Aerospace
University, 2012

140

[6] D.H. Lee, T. Y. Yang, Y. H. Kim, “A Study on Korean
Railroad Crew Rostering Problem”, Journal of the
Korean Society for Railway, Vol.9, No.2, pp.206-211,
2006

7. Tian, H. Niu, “Modeling and Algorithms of the Crew
Rostering Problem with Given Cycle on High-Speed
Railway Lines”, Mathematical Problems in Engineering,
Vol.2012, Article ID 214607, pp.1-15, 2012.
DOL: https://dx.doi.org/10.1155/2012/214607

A. Ernst., H. Jiang., M. Krishnamoorthy., H. Nott., D.
Sier., “Rail Crew Scheduling and Rostering Optimization
Algorithms”, Computer-Aided Scheduling of Public
Transport, pp.53,71, 2001

DOL https://doi.org/10.1007/978-3-642-56423-9 4

[8]

No Woo Hyeob., “A study of workload balancing for
nurse schedule using genetic algorithm : based on
military hospital”, Master’s thesis, Yonsei University,
2005

=13

4 OJ(Sang-Mi Park) (A3

+ 20174 29 AN g
EEFt) (E5F3HAD

+ 20184 9¥ ~ &A : AL
et EEgsta vhAky

(TAEoR
4d#=, BIM

reh

&(Hyeong-Seung Kim) [(Hsl2l]
+ 20114 2€¥ -
@A
- 20169 2¢¥
CER )

*+ 20184 6 ~ @A 1 @AIAA

Yoly BIMAEE I

AAdeta ojstel

D sk st

(TAEoR
Z4¥e], BIM



Z 21 M(Leen—-Seok

TAEoP
Z4d¥], BIM

Kang) (852l

+ 19914 109 ~ IR : AAHS

RS

20139 11€¥€ ~ 20159 11€ :
ARt 5

20179 1€ ~ 2017¢ 129 :
HE s EC U R

141



