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Running conflict mechanism of high-speed railway tarin

WEN Chao, PENG Qi-yuan, CHEN Yu-hong

(School of Transportation and Logistics, Southwest Jiaotong University, Chengdu 610031, Sichuan, China)

Abstract: During the running process of high-speed railway train, the distribution regularity and
cumulative process of random interference were analyzed. The status deviation map of running
plan was used, and the change mechanism of running delay for high-speed railway train was
described. During the running process of high-speed railway train, the distribution regularity and
utilization process of redundancy time were analyzed. The status recovery map of running plan
was used, and the process that redundancy time assimilated delay time was described. Based on
the interacting process of running interference and utilization process of redundancy time, the
generation mechanism of running conflict for high-speed railway train was studied, and the
recurrent process of running status for high-speed railway train under the interaction of random
interference and redundancy time was set up. The simulation system of running interference,
redundancy time and conflict was developed by Yi language. While interference probabilities were
50% and 30% respectively and redundancy time proportions were 15% and 10% respectively, the
generation mechanisms of running conflict for high-speed railway train under 4 conditions were

simulated. Simulation result indicates that random interference can lead to the generation of
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running conflict, and redundancy time can absorb delay and reduce conflict numbers. The smaller

random interference is, the fewer running conflict is. When interference probability reduces by

20% , the running conflict number reduces by 17.3%. The bigger delay is, the larger available

redundancy time is. When the proportion of redundancy time increases by 5%, the coefficient of

conflict absorption increases by 6.5%. The redundancy time plays more obvious role on

absorbing running conflict when there are little interference probability and small total

interference. 3 tabs, 9 figs, 23 refs.

Key words: high-speed railway tarin; running conflict; running interference; redundancy time;

status transition; recurrent process; conflict absorption
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Fig. 3 Interacting process of running interference
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Fig. 4 Utilization process of redundancy time

P [0 4% 3 1) 52 ) o ZE 52 B (B 98/ oy (dy = dy —
@) ANV 1 AETESG 3 B, 5 X (A A FH I AY
IF (B 17, AT DA IE f BG4 3l i % 131 4
2 M E L GHE i1 Z A AEALE LR R TU AR B ]
Wios s LA wpoy=ds s WIRE R B [A] o5 1) T HE 4230
BRSPS A OB R L B A i+ 2 A HERBE AT
Kial7.

NS TN D Sl I S o i w7 P e
AT RT A S R E WK S, 8 F s 1T o
KRBV FEZIT TR RS — & REW ™, TR
B[R] A DLAE — 8 B B b ek 2D 300 B 9 A AT
D DT U6 /0 59 B 9 4 ds A7 v o . a0 SR A AR di
T RIBITL BB AT TUR I B A A, — B & A4
G G847 48 R 5 8 G35 47 v o8, D) 2 F] fE M
R ICA BT (]

ST R BT A% 5 8] X 3 4 58 A7 o o€ 1 i A
AL AR SCIAS s A7 oh 2 WU R A, 7E9 s AT
BEAL TP 25544 M A ITCAR RS 8 4238 17 v o8
WD AN B0 AUHE BE AL TP 25 1 T 9 4238 47 vh 284>
B LB A B 2238 17 o 2 W0 R AR, B

_ N—Ng
N
Ky WHNEBAT PRI R B N LA BE LS
I AT T4 4F T 7= W w22 4S50 Ne 8 R OT
ARIE ] J5 0 2238 47 oh 5% 7 2 B A
3.2 FERRKF

1 H A Ok I R s ) e = 8
BT TR g B e LLAS 3 & 51 428 17
T3 K Az (AR 15 T Pl AiE 15 B[], AR SC R B 40L B
AR5 38 47 P iy Y L A6 3 25 A 7 7 5
14 P A R K T AR X R 32 1752 30 T P04 R 5 51 4
TR 5% 3t B i) K 32 B P AR R R R A 00 .
PAWFC 205 B = Ak B2 B LS A8 S0 B X
(] B AL T 46 B ) A AN BT S 120 s 9385 4 Ao A%
SCIX (] B AL P B ) R KB KA 3 min Al 5 min
2 Tl oo DX JE] Bl AL T P A 2R 1 B S 4 /N T 4
AR SR 1 S D0 9] 40 4 Bl AL T B ABE 3 5096, X ]
BE AL T B 1] Conin) (9 JRCMEL Y B R [0, 3 T8, B 0~
1 min FHE I 5] A HEZR K 25 %, B 1~2 min T4 i
] Y E 2k 1520, B 2~ 3 min T4 B[] (4 HE 2
10% o F T SR K 6 51 4 7 40 0l 457 2 o [ AT AR
AR S5 BB 4 B LT P s ) e K BCR 1 min,
PRIt X 18] AL 8 i 8] Conin) fg 3R 38 B AT LAy
LOL51RIL0.3]2 Flry Z il B AL T~ B[] 49 B A 51

an




124 X O#@ & W I B F R 2012 4
Hl0,1]. x1 HESH
(ES BN RS R E e fab. 1 Simulation parameters
B[] s 42 5 A B () 3R DA — i 9 R EL 9] . ST LS UL
R ] R T 24§ 8 22 A 85 52 7 1 R 0 i i) i T 4 i TOL | BEALTRAEER /% | TR ] B A /min | T0A 8] o1/ %
() ) FHAE 55 T 90 42 A 25 32 47 3 X0 9 B (8] 5 24 T0 4R B ! o0 (o,3] 10
i) /N T 50 A 0 254 A 155 4 4T 3R 5 B 10 B L TT A% i 2 50 [0.5] 10
i ) 2 Ay T 0 P B K T ARINF 6], 7 B 43y 3 50 0.5 15
20555 1 R IR T A 1A L 7 5 % 35 7 T 4R A . 30 [0.5] 10
AT I A7 5 B b RBGER 2 8 BT At ®2 BT
] J5  7E 5 G is A7 TP TC A i 1a) 2 W VE JH R L 91 4 Tab. 2 Running plans min
BATIRE B REANE. N TN ERNE R, H SIAETE S 1 2 3 1 5
AR 5 B K A5 S HE B )8, 2 i 8% HE 51 R0 IX [ 1 32 47 I o] 25 | 24 | 240 | 24 | 25
5 VR Ml BT [R] 29 A 2 3 AR Ml B ) 155 e K 12 ) AUl LI ] ! ! 2 ! 0
g AT h R Hm AR LA 5. I [f] 2 32 47 B o] 18 | 17 | 18 | 17 | 18
e 22wl 2 45wl I ) 1 1 2 1 1
?@ 5 BB X [8] 3 iZ 17 i} [A] 38 39 39 39 38

FFEBT IR R
Ik B R

SE M

TUARI R

| smsatrmgt |
M5 iR

Fig.5 Simulation flow
KX EFRMGIEFT IR T HRE IR T 5
FABAT T P-TC A I ) - 58 0 B AR Y 3 3 i A i
PLTHME R BEAIL TP 18] TC A% i 8] L 451 2 280
BRI B AT I 20 3% B RE B8 L R 4 A4
7S g P 121 < R = 71 o e 11 7 1 T
FIH B DX R TCAR B[] 8 2258 47 0P 585056 3 4R
BRI GE T s T AT L4387 51 4252 47 T4 U AR B ] 5
RN LR

4 HEERSH

ARXBEET AMTETH. & THGESHYS
SBT3 1.2, 80 % 1~5 4 5 42 5
10,15.27.35.43 min & 4=, 51 %5 (1% 362 4= BfF o st (] 0
5 B st (] ¥ HCA 1 min,

ARy B REAS TOLHEAT 10 R A B B R ) L
3 T F— THN 4 NSRRI 10 A5 EE5 R (B R
P B THLHAT 10 NG 43 5O A X [T
Pt 2E 132 Bsf 8] D 1] 6, DX (R 0 4% B[] 1 R AR L 1 7, Bl

FIZEBAT IR G

-TH1-o0-TH2=2TH3 o-TH4

210 A
2 - <N\ 0O A
— 2 o ‘V \‘
170 = O i =
g o
£
= 130
=
90
&
50
1 2 3 4 5 6 7 8 9 10

& 6 DX [A] T 4 ZE R B )

Fig. 6 Interval interference delays

140r—o-TH1—o-TH2 - TH3 o TH4

Ff [8]/min

RS

P 7 DA T AR I ] ) R

Fig. 7 Utilization values of interval rendundancy times

BLTPEA T op e B0 8, BE ML T P8 5 TU AR B
() [/ T o 28 S B0 T 90 45 48 B 11 57 35 L
%3,

K 6~9.3 3 AT AR DI N4 8.

(OFEK 6 o, T8 2.3 1Y IX a3 4E 15 i 8] 78
KRS F B KT T 1, MR T AR
T 24 DX [a] B ATL T G S ) DX )R K 66. 7 Do,
B 2 7 52 X A) B AL T 6 A 52 o [R) 18 R0 95 %%,

(2) NI 7 AT LLE 2 TC A i ] 152 8 b 9] 35



H 5 BRI EE AT RALE 125

I [8]/min

Tl -o0-TH2 = TH3 -o-TH4

10 1 1 1 1 1 1 1 1 ]
1 2 3 4 5 6 7 8 9 10

i JL IR 3
B8 BEHLTHEF mh kA%

Fig. 8 Conflict numbers under random interferences

—-—-TH1-o-TH2 = TH3 o-TH4
20 O

I} [8]/min

LIERVE ¢

B9 BEBLT LR IC A B i) S (8] 4 FT oh 58 A~ B
Fig. 9 Conlflict numbers under interactions of random
interferences and redundancy times
®3 EREHE

Tab.3 Average values of indexes

B 5 T 0
EERY
1 2 3 4
IX. [] T 4 42 152 B 6] / min 95.1 | 185.5 | 185.9 | 65.8
[X 18] 0 A% B 1) ) B /min | 66.5 92.6 | 112.1 | 52.6

FEALT 48R 1 wh 2 A48 30.0 32.0 34.0 24.8
B BILF e T Ak e 1] 2 ]

FEFF b 54 4
KBS 52 B BEHLTH 5+ DX 18] T 4% B 8] A A (A
SR LA 3 B X ) TUAR I a] A FHAE 4 112. 1 min,
KT IBE 2 1 DX TC 4 B 6] R A A (92. 6 min) ;5 24
G 452 3 1 Bl AL T e s 1] A K I 0 4 I TR] R
HARKFES EZBENL T35 . TO00 2 X JC AR i)
] F) B R 92. 6 min, KT T8 1 X ] 5T 4 I ]
FIFHE (66. 5 min) ,

(3 MK 8.9 AT LLE 5 7532 B i BE AL T Pk
KPEMBIT RN R Z . TH 4 BT
Eb T80 1 8/ 202, T80 4 (o 2845k 100 1
4 o S HOsN 17. 3%

(DOHPLEAHr a5 28] 4 F LT 54
BAT M R A, T 1 o 49.3%, T80 2 1
M 50.6% . THL 3 W 57. 1%, Tt 4 (R 54. 0%,
B3 B IC AR B )35 L L TG 2 K 500,
TR BB 6. 5% . i T IC A I ] R i T

15.2 15.8 14.6 11. 4

3 BEAIL T P8 IE BRI (8] £ 571 4202 47 w5 A Bk /)

(5D TUAR 18] B4 LG B8 O o BB T A% I 1] i 2
HE BRI T8 I BR 51 423 47 vh 58 1) RE 77 15 L 4
UL 3 MBI Ia AT wh g W R B EE T 2 R
AR TR O B 8] 5 B HE 155 20 T - B 25 G OT A% i [8] —
SE IS TUAR I E) %] /) = P 5 P8 B R i 51 4
B AT P R W/ B R A 4 595 G as 4 b
R REL B T R,

5 & &

(DI Fs 47 T 3 B0 Has 17 e iR 31 4
IBAT G Y B UK Bl 3 L TUAR I 0] X 31 42 5 A7 5%
HAAR SR B W - 51 4238 17 vh S8 W e R 80T 7
A T A I [ A T X 81 423 A7 i S ) W e £ 7

(2) 38 3o X TUA I 8] %) 3] 42 58 47 o 5 W e A
4 005 L+ Rk TUAR I 1) ) A1 J5y 5 S8 #E AT Al 5 07 S
e, 7E—E R ICAR N F) &SRS T IR LT .
AN TR 9 TU A% I 18] 413 J3 75 58 65 TT AR I [a] 14 1) AR B AN
[7 368 81 2 3 Ay v 2 Wi B R Rt AN T

(3) 3l i F 5 v 3k Bk 3% 31 4 J8 AT b 5% A T B
B O HN A IS AT i 5 A TIUI I A e ft B R AL L X
T R B AT AR K AT R R B E X

5 % X W
References

[1] MAKKINGA F, METSELAAR S. Automatic conflict detec-
tion and decision support for optimal usage of railway infra-
structure[ C]// ALLAN J, HILL R J, BREBBIA C A, et al.
Seventh International Conference on Computers in Railways
VII. Southampton: WIT Press, 2000;: 1057-1064.

[2] GOVERDE R M P, HANSEN 1 A. TNV-prepare; analysis
of dutch railway operations based on train detection data[ C]J //
ALLAN J, HILL R J, BREBBIA C A, et al. Seventh Inter-
national Conference on Computers in Railways VII. South-
ampton: WIT Press, 2000, 779-788.

[ 3] YUAN Jian-xin, HANSEN I A. Optimizing capacity utiliza-
tion of stations by estimating knock-on train delays [ J].
Transportation Research Part B: Methodological, 2007,
41(2): 202-217.

[47] GOVERDE R M P. Railway timetable stability analysis using
max-plus system theory[ J]. Transportation Research Part B;
Methodological, 2007, 41(2): 179-201.

[ 5] ALEXANDER F. A fuzzy knowledge-based system for rail-
way traffic control[J]. Engineering Applications of Artificial
Intelligence, 2000, 13(6): 719-729.

[6] OHSM, HONG S H, CHOI I C. Railway conflict detection
and resolution in the Korean railway system[ C]// ALLAN ],
HILL R J, BREBBIA C A, et al. Seventh International Con-



126 X @ E B O B OF R 2012 4
ference on Computers in Railways IX. Southampton; WIT [16] X #.ZHIW. BETEZE. mE kY FE 7o %8 # e[,

7]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

Press, 2004: 675-684.

JOHANNA T. Computer-based decision support for railway
traffic scheduling and dispatching: a review of models and
algorithms[ C] /KROON L G, ROLF H M. The 5th Work-
shop on Algorithmic Methods and Models for Optimization of
Railways. Wadern: Leibniz Center for Informatics, 2006 1-23.
MOZZARELLA M, OTTAVIANI E. A traffic management
system for real-time traffic optimization in railways [ ] ].
Transportation Research Part B: Methodological, 2007,
41(2): 246-274.

TSANG C W, HO T K. The conflict resolution at connected
railway junctions[ C]/1TU VP, LAMASLN, LIY P, et al.
Proceedings of the 9th International Conference EPMESC IX.
New York: Taylor and Francis, 2003;: 987-993.

D’ARIANO A, PRANZO M, HANSEN I A. Conflict reso-
lution and train speed coordination for solving real-time time-
table perturbations[J]. IEEE Transactions on Intelligent
Transportation System, 2007, 8(2); 208-222.

ALBRECHT T. The Influence of anticipating train driving on
the dispatching process in railway conflict situations [ ] ].
Networks and Spatial Economics, 2009, 9(1): 85-101.
CHENG Y H, YANG Li-an. A fuzzy petri nets approach for
railway traffic control in case of abnormality: evidence from
Taiwan railway system[]]. Expert Systems with Applica-
tions, 2009, 36(4): 8040-8048.

B FGREELE WSS mE S s £ R A R
M aF5EL) ], Bt 4i, 2001, 23(4) - 1-6.

NIE Lei, ZHANG Xing-chen, ZHAO Peng, et al. Study on
the strategy of train operation adjustment on high speed rail-
way[ J]. Journal of the China Railway Society, 2001, 23(4)
1-6. (in Chinese)

Bl BRI, Z BEL SR BRI BB AT R R A d R eh AR
5], oh [ BRGERL# 2005, 26 (1) : 106-113.

SHI Feng, LI Xin-hua, QIN Jin, et al. The earliest conflict
optimal method for train operation adjustment on single track
railway[ J]. China Railway Science. 2005, 26(1) . 106-113.
(in Chinese)

SCELEHN L0 W R S F B AT b o8 4 LTS
REFRLT . b [ 2 AR £ 2241, 2010,20(5) - 140-150.

WEN Chao, PENG Qi-yuan, WEN Huan. Review on conflict
management of train operation on high-speed railway [ ]J].
China Safety Science Journal, 2010, 20 (5): 140-150. (in
Chinese)

[17]

[18]

[19]

[20]

[21]

[22]

[23]

o 2 e Bl 4], 2010,20(10) £ 8-12.

WEN Chao, PENG Qi-yuan, CHEN Yu-hong. Pandect on
the operation conflict management of high-speed train[]].
China Safety Science Journal, 2010, 20(10). 8-12. (in
Chinese)

)L 3T —2RR A Peurd MIFI BT RGP R E R 1Y
A3HTLDI. KB M I KA, 2011,

TIAN Zhao. Conflict analysis of train operation system based
on a class of hybrid Petri nets[ D]. Zhengzhou: Zhengzhou
University, 2011. (in Chinese)

PRog X #0565 k. BT AL 5k i 51 4B AT REFE I AL
Sk, sl s T4 2012,12(1) : 108-114.

CHEN Rong-wu, LIU Li, GUO Jin. Optimization algorithm
of train operation energy consumption based on genetic algo-
rithm[ J]. Journal of Traffic and Transportation Engineering,
2012, 12(1). 108-114.
JASCR. L R E.E RBERNKIEFITTESE
TR LG A 7 2], Pl %4, 2011,33(2) : 1-7.

ZHOU Wen-liang, SHI Feng, CHEN Yan, et al. Method of

(in Chinese)

integrated optimization of train operation plan and diagram for
network of dedicated passenger lines[J]. Journal of the China
Railway Society, 2011, 33(2): 1-7. (in Chinese)

BURERK, e T 9 B AT B T s i L) ). kil ig i 5 &
$.2011,33(4):81-84.

JIA Xiao-qiu, GUAN Xiao-yu. Research on routing method
of train operation diagram[J]. Railway Transport and Economy,
2011, 33(4): 81-84. (in Chinese)

JA AR BES T A T B A8 4T R A R BT 5 IR Bk R
R[] REE TR, 1997,15(2) . 17-22.

ZHOU Wei, QIN Shi-yin, WAN Bai-wu. The train operation
adjustment: current status and prospects[ J]. Systems Engin-
eering, 1997, 15(2); 17-22. (in Chinese)

AR AT WA XV . P B AT R T RN 2 WA
EWFSELT]. P E % 2R, 2004, 14(1) :53-56.

JIN Fu-cai, HU Si-ji, LIU Zhi-li. Real-time safety diagnosis
algorithm of train operation adjustment plan[J]. China Safety
Science Journal, 2004, 14(1): 53-56. (in Chinese)
JAZERA R BELEELE. BT A BT REESE S L8
TR S [T ], BRIE 4k . 1999,21(6) : 1-5.

ZHOU Xue-song, ZHU Yu, HU Siji. Research on the algo-
rithm for train regulation based on train running state deriva-
tion graph[ J]. Journal of the China Railway Society, 1999,
21(6): 1-5. (in Chinese)



