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Abstract: As the backbone of the national comprehensive transportation system, high-speed railway has achieved rapid
and vigorous development in the past decade. At the same time, its rapid development has also caused the phenomena
of complicated road networks and wide distribution areas. These phenomena have placed higher requirements on high-
speed railway scheduling. Unexpected events will affect the time delay of trains, and even the delay time will spread along
the road network, causing large-area trains to arrive or departure late. However, the manual scheduling method is poorly
forward-looking and pertinent, and it is difficult to quickly adjust the affected trains. In view of the above problems, this
paper establishes a high-speed railway dynamic scheduling model with the minimum the sum of delay time as the objective
function. Based on this model, an environment for interacting with the agent is designed, and the Q-learning algorithm
is used to solve the model. Finally, the simulation examples verify the rationality of the simulation environment and the
effectiveness of the Q-learning algorithm for the dynamic scheduling problem. It can provide a good basis for dispatchers
to make more optimal decisions.
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. action
time
al : aA
31 Q(sty,01) Q(sty, ) Q(sty,a4)
to Q(stzaal) Q(Stw : ) Q(5t2:aA)
e QCa1) Qe ) Q- ,a4)
lr Q(stT7 al) Q(StT c ) Q(StT7 aA)

4.6 Q-learning 5L HFE X P ARRS SEIL

5 FiRQ-learning HIE T 7 (N LK EZ R E,
25 H Q-learning B2 E 3R fifk v Bk i 71 20 8 L BN 11 B
TR

B XS FRa rilH T, A
HIZE I %I Z T-Table, [F] i € PLah{E H delay _point,
& A AE RN [A] delay _time S, HIUGHLIREE . B REAR fL
HURZS, ¥)451LQ-table, 1) G- tR S5 FES _matrix, Sl
%Il 4 % imax _episodes.

SB2  JHET BRI SRS G, R
SR BUAIAE A AT ZlE, WG e R IR 48 IR AS
state.

B3 R YHTE 2t RS state, FIBrE GE 4
YR E Z1 AT R 2 2R BB E S Aractions, LA
NI 2R R AR T & A ZE T RE BIIE B BHE AR Brres.

U4 RIEL, actions5 G RTIHAT I 41 A&
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Hepisode A} Q-tableiz [l e-greedy 5K Mg 1 £ 5 fFac- 5§ (G EIIE
tion. 51 W®ESH
$S kR, statell factionf3 3 K — I ZI ) NI IE BT #5255 1 & 22 M PL & Q-learn-

Wsstate_, 22Jilr LL A& 75 7T LU IEAR R I ZR bR &

done.

FE6 MWt + 1, state 3K
R LR B ESE Aractions .

BT HHEt LK action M Q-table H 3K 15 2

KRG BEAA T — I %)

ADH QR Fr A I QTINNE
Qpredict - Q(8t7 at)‘ (18)
ST B8 M IEQ-table 5 3R 15 ffactions_2= i 5

max Q_ = max Q(St41,a:41), TULTHHQ HAME

Quarget = 7 + 7 max Q. (19)
BRI QDT IIAZEACAR), W
1T QBRELH SR, BRI Q-tabledEAT BT
HEE10 YT %t « ¢ + THH, IR Astate
r. tidone B W A B A2 75 7] LAGE SR, 45 AR 45 AR
AR [E1 YRS A AR A S RO A5 AR, W3R (5]
IR2, 3 Hepisode < episode + 1; FFHATHIR11
PEN R RARESERCAKEEE D
2B B EORIZRIENE 4, TR H 280 2Rtk
i J5 B9 EE TRl opt_plan.
Q-learning BV R i = L 8h &
W3R,
% 3 Q-learning K& & %5 SR B
Table 3 Q-learning solves the problem of high-speed

2 I 23 ) Py AR

railway dynamic scheduling

Input: o, ~, T-Table, Q-table, max_episodes, S_matrix,
delay_point, delay_time
Output: opt_plan

1 init(environment, Q-table, episode);
2 while episode < max_episodes do
3 init(¢, state, done);
4 while !done do
5 action, res < Get_act_res(t, state);
6 state_, r, done <— Step(t, state, action, res);
7 max action_ <— max(t + 1, state_, Q-table);
8 Q(st,at)
Q(s¢,at) + afr + v - maxaction- — Q(st, at)] ;
9 t=t+1;
10 state = state_ ;
1 episode = episode + 1 ;
12 if Q—Table converge then
13 L End While Loop ;

14 opt_plan < greedy(Q-table) ;
15 plot(opt_plan) ;
16 End
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Fig. 7 Simulation environment
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10 min, Tfé“; = 6 min, 774"} = 2 min, JFHLE 245 3k
/MBI RIT™ = 3 min,

FIZEE E TR 2R R 4P s,

% 4 xR &

Table 4 Table of scheduled times
ko1 2 3 4
xkokoo®B kOB Ok H
Gl 11:03 11:13 11:16 11:22 11:25 11:27
G2 11:06 11:16 11:19 11:25 11:28 11:30
G3 11:10 11:20 11:23 11:29 11:32 11:34

RBAGE DB E ATE, , = 6 min, LI, I 8] 5 7L
Tipan = 11:34 — 11:03 = 31 min. B & 7 % & N
Titreshold = Tipan + T¢5y 1 + 10 = 47 min, B 2 ¢
ARELEAT min N BAL SRES, whs T H—ET.
52 PFEMEIE K EERSUE ST

TESES. 1T IR RS T, X8 R ik AT
KESR, RAELEHEBSHa =0.1,7=0.9,
max_episodes = 2300, I Z&5 R unE8 k.

FETE, = 6 minffEOL R, SR H br s B s A
fif 942 min, R MG 151 G176 46 A 0k i 256 minff 17 5
T, K3 H ZEAEAA 3G RIS 5 [R] 942 min,
VAR T R TR A B9 BT R.

'16 ]7'

10 km
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Table 5 The adjusted timetable Foasp g;gﬁ% 1
k1 ) 3 4 1% 1(7)'(5) [ —G3 i) |
)k ® kR # kA ' sok i
G1 11:09 11:19 11:22 11:28 11:31 11:33 25F s
G2 11:06 11:16 11:19 11:25 11:28 11:30 0.0 £1 | | | | | | =
G3 11:11 11:21 11:24 11:30 11:33 11:35 05 0B 20 s 3033
t/min
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D) HTE, 5 = 2 min, Tipreghors = 31 + 2 + 10 =
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AR EN R,
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44 mintf, 2% H b b8 B0 924 min, YIZR45 R 530
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Fig. 11 The simulation results of 75, 5 = 2 min
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Fig. 13 The complex scenario
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Fig. 14 The complex scenario simulation
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Table 6 Table of scheduled times

(f) G12, Sta3, disturbance = 10 min

3k 1 2 3 4 5 6

R KR B2 K Edl V3 B2 K Edl K B2

Gl 11:03  11:13 11:16 11:22 11:25 11:27 11:30 11:38 11:41 11:47
G2 11:06 11:16 11:19 11:25 11:28 11:30 11:33 11:41 11:44 11:50
G3 11:10  11:20 11:23 11:29 11:32 11:34 11:37 11:45 11:48 11:54
G4 11:15 11:25 11:28 11:34 11:37 11:39 11:42 11:50 11:53 11:59
G5 11:220  11:30 11:33 11:39 11:42 11:44 11:47 11:55 11:58 12:04
G6 11:23 11:33  11:36  11:42 11:45 11:47 11:50 11:58 12:01 12:07
G7 11:28  11:38 11:41 11:47 11:50 11:52 11:55 12:03 12:06 12:12
G8 11:32 11:42  11:45 11:51 11:54 11:56 11:59 12:07 12:10 12:16
G9 11:37  11:47 11:50 11:56 11:59 12:01 12:04 12:12 12:15 12:21
GI10 11:42 11:52 11:55 12:01 12:04 12:06 12:09 12:17 12:20 12:26
GI11 11:50 12:00 12:03 12:09 12:12 12:14 12:17 12:25 12:28 12:34
Gl12 11:55 12:05 12:08 12:14 12:17 12:19 12:22  12:30 12:33  12:39
G13  12:00 12:10 12:13 12:19 12:22  12:24 12:27 12:35 12:38 12:44
Gl14 12:10 12:20  12:23  12:29  12:32  12:34  12:37 12:45 12:48 12:54
G15 12:14 1224 12:27 12:33  12:36  12:38  12:41  12:49 12:52  12:58

T EIROF G ARG DL, 73l Q-learning 75 V.
77 7 (Manual G FE 45 3 7 e, 227 % p _ TesultManual) — resule(Q) oo oo

Hor, NTURER AU 5 81 48RP 4, A7
AT 7 AT IR .

% 7 strbss
Table 7 The comparison result

B Q-learning/min ~ Manual/min /%
G1_Stal_32 320 4800 93.3
G2_Stal_60 600 8400 92.9
G4_Sta2 20 160 1920 91.7

G6_Stal 4 50 400 87.5
G10_Sta3_15 90 540 83.3
G12_Sta3_10 60 240 75

Hor, dudE R T 2 L X(20). 2y > O,
VB B 45 Ll it Q-learning /145 31 1 kit (2,
W < O, 1 B Q-learning J7 22 1 £ R SR AN an N Ty

result(Manual)
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P2 T BT A), AT DL SRR P A, SE IR AE 1R
SR () B/, TR N LR B 1R R 2 .

6 4t

AL UL R B A I REUONBIE SN B, ST T AH
LFRIECAASRY FERRLIEA R T AE ) S R e
WAZ H 7 AR, IR 5057 2 T 42 #1Q-lear-
ning FIFX AN F G T RSB HEAT 1R, R4
RKW, Q-learning B IEE R L AT I THE S
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