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Abstract: To address the prominent issues in the emergency response of conventional railway
operation in China, including complex equipment specifications, insufficient professional
competence of operators, and a lack of integrated response procedures across different professions
and equipment types, a method based on scenario construction theory and stochastic Petri net was

proposed. First, according to the current regulations such as “Regulations on Railway Technical
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Management” (Conventional Railway), the “scenario—task” decomposition method was applied to
systematically analyze emergency response tasks for each position with the “block section red
light strip” as a typical scenario. The emergency response procedure was then reconstructed, and
the key points and underlying principles were analyzed. Second, an emergency response
procedure model was constructed based on the stochastic Petri net. After the model was simplified
through equivalent simplification, its activity, boundedness, and reachability were verified using
reachability graphs and incidence matrix analysis, confirming the scientific validity and reliability
of the reconstructed procedure. The results provide feasible response procedure schemes for
emergency management in conventional railway operation, with practical value for improving the
safety level and operation efficiency of China’s railway transportation.

Keywords: Conventional Railway; Railway Operation; Scenario Construction; Petri Net; Emergency

Response Procedure
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Tab.2  Emergency response procedure for reconstructed “block section red light strip” scenario

B AR Y

e 37 VR
T T 3 W AL Ih e
* 1. %5 A RM *1L7ERRLE
R () 3 1. % Bl 43 P FE 43 (X WS P B D B 43 X BN P Bl kTR 1
B ey AR 5 FILTH , EAREE AL SRR, A LR, R
U BE B, S BE B,
) L%ﬂiﬁﬁ*bﬁm%q%mnfwﬁ+zﬁﬁ§%ﬁmﬁ
g, BI S ﬂi &, § %*Aﬁ STatl >> Ij;l Tl ﬁ%ﬂ?’i%‘* JE%HE, Eﬁ/‘?\gﬂg—lﬁﬁ
A ﬁﬁﬁgﬁﬁ;glgwwﬁﬂr Wy, 1 (FFEE%
Wk ST 5 A BT ik
A g i % B
=) * 3. o AL 45 B0 “odkLifi i
[ 380N B A A B B L M AT ZSE CAT 4 & A6 A oA e i
HichT 4 BRI P, J5 ) 2 e B I BT R ELOH CTC/TDCS 2
BRI S & o i WA, (5B H
K R A T
4 AT IR A 2
(1) F1 B FE X [l
O1 2830 535 SHLICHEE 7 TR,
B SHUE LBV 2 1E 3 TP
= mia (55, KEBIESSHT SERE Bt
L ’o g g g g Q2B B SRR
() R E,Qgggggﬁﬁiﬁﬁ RS A At % 5 2 CTC/
m@ﬂ %%ﬁiﬁk *H@W%Fm 2AEMESTS TDCS Wb 7w s R o,
HBUT mmma%m)
(3) 1 Zh 3k A A FE X ]
Oitliat: BRI
AT (b5 S HLRT IE 5 T
@KEHLBEY HErhE FEk
HIUTH
. . . * 4 WEWE IEH G,
(i) SHAT S . BB amE gy XX n
R C R BT, 912 T B & (T EREREEic
) WaC
e (% * 3. 3 B 4 uh
i s QUEIER o i
EHATS pe

—201—



RKIE 4 EHEREAT 0 S A B R A S R IE——LL “MIZE X LDE” s il

2.2 MEEMEIEXTELS

3B X AR R AR AN AR AR P ZE S
X206 e T A T 420 2kt Bt 5 A S
TR AIXT LE A3 AT, R IR R S A fS e AR e 322
WHE R sl G 2 ki . 228050, 2%
A B FR )7 A7 T - iR FE AR IS X LU
LU 3 TR .
23 NEREXESSW

XA sl A B B, A S ZES A3
s [a] PH ZE (Tl =) g b B R R S ASAH R, 3 et T
ZERRFIAAFHL T A H B ZE(X A 2 28 K L) 1ol
THF S AL IE R BoR) 5 A shukE A ZE(KPE s
M AL B IR R FEASAR R, YT I 1R AR 2R,
OIS P ZEIRAT 4 . AR e AN R 4] 2€ 07 0%
AL E AR 2E S, HAO R D S AN R A 2E 7
KA IRE . WA RN Maa B AR, [3H
— I FE s AL T AR . AREAS Y SR T A5
P 2E 7 = S A5 5 TR ORI A T (48 22 TH, 43 BT 4%
P ZE 7 Ak B AR O T, A5 P ZE T AR XA 21
e BB ST B AE S AL BCRT AT X b
F 4PN,
2.3.1 BzHAE

TEARG AT, ASIFIZER “—B k7 2000

WAL, RPN BOR i E S, JREDE A S ZE X
] SeVF 2B AN S IR, B “—B k7 Ab, X
[B] LA P 2E 53 X (i R DL ANBCR T 36 15514
RG22

2 X [a] BN A ZE Y IR LT ( “— B2 BRAM)
WK, BDIX ] 1 4258 s S AL TG vk O R TR
55T BN B A 1E R ol B 0 AT 4R BRI AR R )
A5 N BUAT B FRCH Sh 5 5, AN RSt R
BT B, BIF AR SCH nY il o AE S HLET 5 4
2 min B R HHIN ZE 5> X 25 IR 5, M G i fE %
BL, PR# 20 km/hizf7 EIR 5501, HHER
AT FRILEAT , FECRUEAT 4222 4 1 [R) B S Jt
TR, S ORI D TR X A R 1Y
sEml7,

2 X [a] Ky 24 ] ZE 53 X L1 6A B e(AN  “—
A7), R[] 2 28 K DU Al o {5 S AL JeiE w2
TR, AR AL A 2 T LA TE T A&
e, ABZN ZE A DX ) 75 A B S AT Y i 5 5 AL AT
1R R IE T, PR ZRPAT “EEE”
e, Xk MRCRE R, A 4AE X [
ZUNE Gy AR AR e A B R . BRI, AR
B h T, A5 1k SEAR P ZE L, O L A ZE AT
ZE, PNELAEXMICHT AT EEET M, ks

®3 MIEEMEIEXLER

Tab.3  Comparison of processes before and after reconstruction

3
C[U

AR E AT

AR LIES

U =3 A — R B A T OUAL

AR RIS PN FIAL B 7 (R G 7R IR — 75

EF I TSR AR B A T A
b

R 77 R A U0 = 79 Y o K S i /A I e AR L VA DR S S AN S U I & < S LU R VAN

R

FIHLAHEFIIBUR b 0]

3 TR E N AERIEA—EL b

MR ARG —RIE, AE BAR S R RS 91 4296

gi—FRik I, MEAbE R

[l -t h, ASBHRERIAFITE R

I SNy A R ALE . AT EIRE

SIFR
D I

s RS (e AR % BT T e I 5P

o BHAOHTIR B RA BH AT o TR AR MR
G B AR — 5 AR AR Yo

7 gt AT SIFSRA G MR BIBEIR, Warer, it ot TR RS

TR N S
8 IRl (N B i b AR A B L, A S b ﬁﬁﬁgﬁfégﬁi’%ﬁ

—202—



KRR G5 s PRAT 40 A E AR A S EE——LL “PZEF XL 5 il

F4 BAEFRERE AT BEZGTHHEESH
FFRRATTIEXT L
Tab.4  Feasibility comparison of exit signal light opening under the
“red light strip” condition in different block modes

DX [1a) P 2 73 DX I P B £ LGSR T

AZT KA 5 2 T CT A7 P 2T
1 50115 AR C—BE DRI
S [ 33 PR . 5K
i T AR . BB
M st AR

IEHRCE, BRI AR
2.3.2 HzhuhEFE

TEARG T, 1= A Sk ) P 28 548 5F
OS5 45, IR R & S5 il o bk
A A D] 5 FRRESDS, R0 {5 5 B R AN A
A DX a2 3T (55 2%) X B LA vl i 2 5 o . Rk,
ARG SAMET, TSI & IR 8010t T
ERRWIFME, 5 N BG5S, S 4%
AHOCPR A ST 4B m]

KA A Bl 0] P SE AN LA TH i i A
SR, TR PRURIZ IR A S S ) B AR A X
] 5 FPRAS, TFTCHE 3l A5 -5 I I A 5 4G A IX (1] L
MBS S Pk, fEARZSEMAT, HibES
TCEEFFIL, A FER A Ok X IX 0] 40 B A ZE A5k,
15 1k A shuhal A ZE L, SO HIEII ZER T4

FRARAHLIE R X 1 Syl (] P 2 DX TR 2156 ik
F 55 B sl ZE X R Z A 2653 X “— B 257 BRAM)
Ll B A 7 A R] Ao A
PZE . SChHIEMIZE, (HHJFHRE. HahMHZEFE
B BN PR IB RO, WD XS H R Y 5
W, J& T FE SRS R A 28 A T 4, K EhE
R I 1] 3t ] PA) S 2 DR AE 88 S LA ) i PR JE G 3R
FAF, JE TR BRG] HL TG A 2E
2.3.3 ¥HZHAE

TEARG AT, 2 A S ZE R T i 5
SR, R PURIZI A S S kP ZEA LR IR A
WA D] 5 GO0, DXTE] AR &0 BB DA e B s
NT 5= TR S A5 5 B IR AAS G X (a2 3
(BRI EHUE & 5 . BRI, TEARIg F A%
R, T5HBI 14N A 1B 5 BB 0 A T 42 BR ) 5% 44

e, s N B ] HIERIPIAE S,
AT 4 EAT

A Bl P ZE S XA Sl 1] A 2E XA R
(7 2R) X BEEL G S s [ Ak e D7 IR AR AR R, 1
AIIPICH A5, R PR SR FH AU T4, Ho i
AL I Sl a] P 2R AR [ Bl 2E ) LA
ARSI, AT B A [ S E e i A
RS TR A, BT A S ZEA TS

SERAE N T I ZER T AR, 271 T A gh
IR, AETT R 3t 15 5 B9 DR BAG: A P 28 IX AN
K, AR VA A S 28 i & aa A2 48y Bkl . A
I, 32 M A ZE B A TEAS B B 7 50 2R F T BN S Ak
ELAAR L

3 ETSPNmEEkE “MESRIHT”
=N ERZRIE

3.1 HMARAEREEER

TEANCRAZ LY AL EAZ IR RTEE N, BFoR
T SPN (W ERI T 1, XTEA ST < ZE 5 X 2000
W a A IR AR AT IE AL AR, 50 E AT 2L
P o Petri P 8Y vf 22 BT ST 3R (19 % SLANER 5 T o
Petri LR iR ARIE ST R A9 &% LANER 6 o . Horfr,
Py po IR G R o P ZESr XL i L 2
Qb AR Y Petri PIBIRIANE] 1 7S o
3.2 EEMEMLE

4 SPN AL HY [ AE M Ab 18 7 s, B IRT 1 P Asi Ay
B R A3 G AT A AR TR, “PHZESr XL
eI A LR 1) Petri AR IR A0 A1 fT 45 SR an 1] 2
FiR o

o) ARiT e JEXASIE 1), 6y, 5, t, b5 te, 1
R pys pss pas ps HBLERELS R HEA T AL TR
ENEE SN
3.3 1RAMABARIEIIE

iz AT IR AT AR, 1T &l 2 ) SPN AR A
A7 CTMC R L kR G o R A9 CTMC 4
B3 s, (R R IR A aniEl 4 s

A CTMC FIRTIRARAS AL S b, AR T A 2
Fr¥ATik, WA RTIAMEEIR . HE— 2 A B 3
RERY ) SRR A QT &

FI AT SR 2%

—203—



RKIE 4 EHEREAT 0 S A B R A S R IE——LL “MIZE X LDE” s il

F=5 PetriMEERRERTEMNS Y

Tab.5 Meanings of place elements in Petri net model
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Tabh.6  Meanings of transition elements in Petri net model
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Fig.4 Isomorphic reachability state set
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