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Abstract: In order to improve the quality and efficiency of railway/6réw routing plan, the problem of crew routing plan
was abstracted as a Multi-Traveling Salesman Problem ( MTSP)\with single base and balanced travel distance, and a
equilibrium factor was introduced to establish a mathematical model aiming at less crew routing time and balanced tasks
between sub-crew routings. A dual-strategy ant colonyoptimization algorithm was proposed for this model. Firstly, a solution
space satisfying the space-time constraints was«constructed and pheromone concentration was set for the node of the crew
section and the continuation path respectively, then the transitional probability of the dual-strategy state was adopted to make
the ant traverse all of the crew segments, and finally the sub-crew routings that meet the crew constraint rules were found. The
designed model and algorithm were tested by the data of the intercity railway from Guangzhou to Shenzhen. The comparison
with the experimental results of genetic algorithm shows that under the same model conditions, the number of crew routing in
the crew routing plan generated by double-strategy ant colony optimization algorithm is reduced by about 21.74%, the total
length of crew routing is decreased by about 5. 76%, and the routing overload rate is 0. Using the designed model and
algorithm to generate the crew routing plan can reduce the crew routing time of crew plan, balance the workload and avoid
overload routing.

Key words: railway; crew routing plan; equilibrium factor; Multi-Traveling Salesman Problem ( MTSP); dual-stirategy
Ant Colony Algorithm ( ACA)
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Fig. 1 Diagram of intercity railway from Guangzhou to Shenzhen
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Fig. 2 Working manner of crew for intercity railway from

Guangzhou to Shenzhen
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Tab. 2 Division of crew section for intercity railway
from Guangzhou to Shenzhen ( part)

ROV W R MR AR AR
1 €7023 600 7.31 I S 91
2 (7012 6:12 7:31 w rME 79
74 C7006 1400 15:15 w MK 75
75 C7104 1407 15:26 w OTME 79
76  C7093  14:15 15:31  JME T 76
77 C7154 14,18 15:33 w MK 75
149 (7033  22:25 23.53 JH BRI 88
150  C7098 2240 23.59 w OTME 79

3.2 HOIER

R b SR e 55 HM A TR, i AT 55 3T B [RIAH R 1 2
B, SRS BT AR TS B ELAAR 2R s 1 T 55 LU 11 L R L R
HRYE R TIDTEERE 7T 15 , 3 95 3T R ARG R B 80k B A -3
55 3TEK A AT 2 880 min, #e e i B AT 12 min ARIPRES
AN F 2y 40 min, 7% 22 {H T B [A] A 88 2o 300 miry i 3 A [H]
60 min B FERT[A] 20 min, 1FHE M B BUE N 2880, ¢ BUE N
LR T  RERes B MR A i B e 5048, &2
HRREUE) o 2 AASCRITHBGHEER BEF TR, K
BREEERERT o =2, BAAGEREEERERTH S,
BRERERETEO0.2, 855 40, Bk AR B 300 1R,
3123 B Matlab R2015b $E173R 42, 7% Intel core i7-8550U CPU
1.8 GHz, N7 8 GB BTHE ML L3R E] 92 kAT, BAR REUEE
BT EHBBE/N, it B iR REUHE D 18452, 71523 min, 3%
R E 3 frm. 15236 &FH AKX E, MK 3 Fir.
B3] 18 LTRSS, WK 4 fin. TS LM Bit LIERS
KEPBRH R ANE 4 FroR , i B 4 7] 7955 38 ¥ T
SRBNE., HIENILE R, T E B RS KK EHE =Mk
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TR, eSS RRBEANEN 9, 15 1L 25% .
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Fig. 3 Iterative process
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Tab. 3 Information of large crew section
REIRB xmpms | PEEER kmps

1 1-13-3248 19 57-76-91-106-123
2 2-1426-43-66 20 59-80-95-109-127
3 3-1528-44 21 60-77-93-107-135
4 4-16-2947-68 22 61-79-92-111-129
5 5-20-34-54-77 23 62-83-100-114-130
6 6-18-33-49 24 63-72-87-101-122
7 7-19-35-51 25 69-97-115-131-143
8 8-22-36-53-75 26 71-103-121-134
9 9-23-38-55-80 27 85-108-125-139

10 10214157 28 88-110-128-140

11 11-2540-58-81 29 94-112-126-142

12 12-24-39-56 30 96-116-130-144

13 17-31-52-75 31 102-118-133-146

14 27-42-65-84-98 32 105-120-138-150

15 3046-67-86 33 113-132-145

16 37-54-73-89 34 117-136-149

17 45-64-8299 35 109-124-141

18 50-70-90-104 36 137-148

R4 REFERSTHIHRBRRER

Tab. 4 Results of crew scheduling plan for intercity railway
from Guangzhou to Shenzhen

N EHT B N N L. BitT i
TR UK e s sy N ATRA
1 1 15 oM — JHER 925 762
2 14 2 MR W AR 969 809
3 17 4 MR B TR 967 806
4 21 5 MBS B TMNE 959 799
5 6 26 TMA —  JUME 929 768
6 7 27 T —  THEHE 9 760
7 23 8  JTME OB O TME 963 801
8 24 9 IME WY IME 967 805
9 10 28 JUMA —  JUME 920 760
10 25 11 ME B MK %4 828
11 12 29 TM&H — TTME 925 767
12 13 30 oM —  JHE 930 769
13 16 31 TMER —  TMEH 9 750
14 3 32 TM&HE — THME 91 755
15 33 19 JMEA S BIN THE 946 784
16 34 200 TMIA OEI SMAE 981 821
17 35 2 &R WY OTME 972 812
18 18 36 T —  TTHZE 906 744

E: —FTRS RERZIR S I AR

3 -]
E960{ 22 #? :

3 ¢y 3 8%
3 3

BT TR —FHRE

U 4 7_10 13 16
TS
B4 FREH BTN R G PHRRER

Fig. 4 Relationship between cumulative working time and
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H W, 235 AR & st R B 7E 12:18 (H3k CT7038 K5I %
MEIIta % ,20:37 {EF C7020 )" MAERIBHR. X THRHF A
Bk, BHE e — KI5 S HARAE TE R RR B AT, (R B T 5
55 22 I 2 1 1 R P A AR

4) Bt iy BT e EBE S 18 T R R BE B, KB T &
TR B Z B . ARSRE s R A R B, iR
YIE A ERE AR E RS, FRBOEHEOL T, 2B EH
AR VA P 3R 55 5 B v ol ) SR SR B A PR R, MO B B
SRR I, ARYEFR S et ) M AR N B 5 e 55 Bkl 2
B3 BT IR (R B ) 4 R B PR AR AL, R R AR A
T, AR SRS A AT S 3 R S AR B (an ) X3 5
THATIRE, & FUARYRSE PR RKBEE AL BOR B SUE (0 A
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Tab. 5 Evaluation of crew routing plan for
intercity railway from Guangzhou to Shenzhen

MERAT KRR A ﬁﬁ
TR BSmin  BORHEALT Zmin A
RIS, ROIRKBSCRERY
KB 6 MK A
BRESERIN 4 SRR 4 BT A

i} R
BRI s B G
RokiEs: g LR n
{8 e A} 7] ’ A#fid 480 min =
B iR 507 min AR AL 90 min K4

~19.0

jE |ig@lz]% R ,‘Ekﬁ_ﬁn’
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1 17 33 49 65 81 97
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Fig. 5 Relationship between crew routing duration

and equilibrium factor

3.4 &Exftba

LR EORBIRS TR R 2 R AR EEE, W,
ARG EBEN N A, ER—&HENLER
Matlab R2015b sk, B4 W FIES _FMEIE, &43 203 k&
KRG . SR TRE, BT8RN 19580.23793 min, EilXf
HAHTAR AR SO T I G R S v S (R PR b, RERE
b, 4R SR A KRR T, Hob, RS 38 B> T 4
21.74% 355 MK IEIR T 5.76% SCBE B 575K 0, TR
BIEXT AR INE 6 B,

x6 FAHEEMLHH

Tab. 6 Comparative analysis between two algorithms

wme o R’E RE RS W B#r
Bk Bes  XBr ORIXEB KB B REY
& % OB H min
wsEE 203 150 46 23 4 19580.23793
AEE 92 150 36 18 0 18452.71523

4 4HiE

D) ARSCEESE T 532 BRIk 18] Je /> BL 4% F IR 45 A BR B4E 55
HfE) MTSP R, 5 7 8 H 7 ixX— &, AR EER
FHEPRB L ERREMF R4 G A5 RIS .
IR R AP R RSB WG B, WS AT
BE TS B R RS, 3R R I RACR M [F) ) gk
T EGRER RS AR R

2) JEad W R O SRE SR A R L, R T AT
BB WO B R RO B B A, X R SR A
AR BTE R o

3) AL RY VA T R R B A58 1 4 i L 42 SR 45 AR
e %5 A R SRAEA U (B A IR B ST A, ST IR ER B SF R &
N AL B RE T BA SR PR B SORIEE Bl , AT AR S gk B RGeS Ak
B RSREIS M ALR o
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