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A policy gradient reinforcement learning algorithm for high-speed railway
dynamic scheduling
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China; 2. Signal & Communication Reseach Institute, China Academy of Railway Sciences Co., Ltd, Beijing 100081,
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Abstract: The high-speed railway has achieved vigorous development in recent years due to its advantages of large
transport capacity, fast speed and all-weather. But unexpected events such as bad weather will cause train delays, and
even the delay will continue to spread along the road network. The domino effect will cause large-area trains to fail to
operate according to the plan. At present, the dynamic scheduling method relying on manual experience is difficult to
meet the actual requirements. Therefore, this paper aims at the problem of dynamic scheduling of high-speed train, setting
the minimum sum of the delays of all trains at each station as the optimization goal. At the same time, a mixed-integer
nonlinear programming (MINLP) model under traversable conditions is constructed, and a policy gradient reinforcement
learning method is proposed including establishment of environment, definition of state and action set, policy network,
action selection method, reward function and combined with the specific problems, the error amplification and threshold
setting of REINFORCE algorithm are improved. Finally, the convergence and the performance improvement of the
algorithm are studied and compared with the Q-learning algorithm. The results show that the method proposed in this
paper can effectively reschedule high-speed trains, minimize the impact of delays, and improve the efficiency of train
operation.
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PRI 8] delay_time, HI4A LIRS . B gEAAR S FOIRZS | 771
FREHBE S 2l 2RI 5 2 max_episodes, 14 2 ic
ARG W T Pk BRES . ) 1E 1 3 state_buffer
Flaction_buffer.

step 2(for loop): JF 4f 4 e 44 (1) 5w 58T 7 34, 76
BRI SR Z BT AT Z ¢ = 0, )46 1 Refk
IR AR IR state.

step 3(while loop): 1 4 1 B ZI| ) ¢ 5 state 4T

JE 45, 2% 4 input_state, i A\ model 13 £ 4 i output_
action, X L softmax &b 3 AN AR B 3 2 20 K (1) 30
VR, J5 AT R 21 5L IE 75 Z AT ) 31F action.

step 4: #R ¥ ¢+ state. action?F F| T — I ZI AR A
state_ DL K A58 )1 2k o 75 45 W0 A5 & done. [A] BB
state . action £\ %l state_buffer £ action_buffer 1.

step 5: H) 7 A [7] & 2 15 45 o B, W (5] #)
step 3, 4k £ A5 episode P YR AE; W1 SR, T B 2
22343 9] i return, A% I Zh 45

step 6: A F¢ Il 5 45 R 5, B 4 X action_buffer
IR TG K HEAT one-hot 4w fish 11558 SCH, Bl

cross_entropy|i] =

- Zmodel[i] [7] x log(prob_action[i][j]). (22)

SR 5 B A B 45 3 1) return S F 7 #0288 32 i 1 7 X
TH S B & — B L il reward, 4 & — 2 reward 17 A
reward_bufFer, £ Xt 5 34T b5 v A0 AL BE. B 2445 31 3R
s O 2 11453 2% eR i Loss, B

1O : ,
loss = - ; cross_entropy|i] x reward_buffer[i].
(23)
step 7: XF loss JFEATH6 FE T B, B I 26 2 4.
step 8: episode+1, 41 4 2 e 14 &% 5 45 R O &L
SEF B 40K F max_episodes, MR H Il 25 -4 HH 22
TEUNARA I 1 BETHEI opt_plan, 75 0] [7] 2] step 2.

4 fiEKIE
41 RERESEZEWEWIE

RISIE AR S HIAEE 1) A B, Bk Bk =%
=yl P X () DY 4R Foab DU X (a] A+ Z2 -k LX) 3 b
AN 35, & st T A RIE AT I 2 SR 3k
1 ~R3FR.

=1 FHE1iHREZIR
N ek | eyl ZEyk3
L2V - -
b3 ] b3 ]
Gl1 11:03 11:13 11:16 11:19
G2 11:06 11:16 11:19 11:22
G3 11:10 11:20 11:23 11:26
£2 FE2iXIERIE
2 ) 33 k4 kS
E(k N . N, N
®oOo#® kR ® ok ® kO
Gl1 8:32 8:42 845 8:54 8:57 9:01 9:04 9:08
G2 8:40 8:50 8:53 9:02 9:05 9:09 9:12 9:16
G3 8:45 8:55 8:58 9:07 9:10 9:14 9:17 9:21
G4 8:51 9:01 9:04 9:13 9:16 9:20 9:23 9:27
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#=3 FAFR3ITRIRZIR
e k1 Ki) Zyk3 Eufi4 U5 ke Sy k8 k9 %510
K
K #ook o®# ok o# Ok ® ok o® Kk B kK H kK FH K E2l
Gl 11:03 11:13 11:16 11:22 11:25 11:27 11:30 11:38 11:41 11:47 11:50 11:58 12:01 12:03 12:06 12:14 12:17 12:19
G2 11:06 11:16 11:19 11:25 11:28 11:30 11:33 11:41 11:44 11:50 11:53 12:01 12:04 12:06 12:09 12:17 12:20 12:22
G3  11:10 11:20 11:23 11:29 11:32 11:34 11:37 11:45 11:48 11:54 11:57 12:05 12:08 12:10 12:13 12:21 12:24 12:26
G4 11:15 11:25 11:28 11:34 11:37 11:39 11:42 11:50 11:53 11:59 12:02 12:10 12:13 12:15 12:18 12:26 12:29 12:31
G5 11:20 11:30 11:33 11:39 11:42 11:44 11:47 11:55 11:58 12:04 12:07 12:15 12:18 12:20 12:23 12:31 12:34 12:36
G6 11:23 11:33 11:36 11:42 11:45 11:47 11:50 11:58 12:01 12:07 12:10 12:18 12:21 12:23 12:26 12:34 12:37 12:39
G7 11:28 11:38 11:41 11:47 11:50 11:52 11:55 12:03 12:06 12:12 12:15 12:23 12:26 12:28 12:31 12:39 12:42 12:44
G8 11:32 11:42 11:45 11:51 11:54 11:56 11:59 12:07 12:10 12:16 12:19 12:27 12:30 12:32 12:35 12:43 12:46 12:48
G9 11:37 11:47 11:50 11:56 11:59 12:01 12:04 12:12 12:15 12:21 12:24 12:32 12:35 12:37 12:40 12:48 12:51 12:53
GI10 11:42 11:52 11:55 12:01 12:04 12:06 12:09 12:17 12:20 12:26 12:29 12:37 12:40 12:42 12:45 12:53 12:56 12:58

FERF AR 5N 5015 503 T AN 7] (10 5 R M o 156 DL,
F 1K Ut Y 2l 2 R 2 SRS (A . R A% A
HZHWNEA~ KON, Fd~ K6 i FIxt M
Ay Rom iz 4 vk W I BEE L 1655 WAy Ros 81 4=
FE 1% 3 1R e /I 52 3 R (18] DX T B0 68 L 1 505 30 1%

FE DX 8] A [ /NS AT I ).
N SE B B R 4 ~ 3R 6 NS B B Y 52 BR
IBAT LR, K53 5 2 )0 BB BT AL 5 W & 3 s,

x4 BRI1EFEY

) X . . il X1 ZEyh2 X2 FEuE3 A BEEL
X S :—‘—»X\ N Mz -—; I #\
X 6] 3 0 1 [X 40, 35 5 9 B0 2 91 2R 3 P T S
=5 FHR2EHKBH
Zyb1  XMEIL ZEuh2  XE2 i3 XE3 FEui4 XE4 FFuhs R
4 5(2) 3(3) 3(3) 3(3) 4(1) 3(3) 2(2) 4 31
%6 =3RHSH
ZEuh1 XA G2 XE2 i3 XE3 Fyk4  XE4 FuhS X [a] 5
10 5(2) 6(3) 3(2) 7(3) 2(1) 6(3) 4(2) 8(3) 3(2)
FEyhe Xime Fyh7 X7 Fiks XIES  Fyho X9 FEyh10 S EIEL
103) 42 8(3) 2(1) 6(3) 4(2) 8(3) 2(1) 10 108
(@) @ [ 4 @
Gl

&3

2 H1 25538 B 8 300 km /h. T 2.4 75 B g Ay
BRI ] M FR 2R T = T¢ = 1 min, & X 0] 5%
/NIBAT B ) 03R4 ~ 3R 6 HH AU BT 7, 308 2245 3k
B /MENLE R T = 3 min. A AN R A
PR T 0 BE, 7 2 J AN 528 LA E NS
R R 2 2 e fE A B B B 4 2Rl PR TR S
Tpan, e P FE 1 ~ 5 3 1) Tpan 70 A0 F PR

Tipan 1 = 11:26 — 11:03 = 23 min,

(24)

Tspan_2 = 9:27 — 8:32 = 55 min, (25)

HiRSTH

Typan s = 12:58 — 11:03 = 115 min. (26)
BE B E N
ﬂhreshold = Tspan + T’;J* + ’705 X Tspan-|a (27)

Horp [ R EBUBTT S

HAR S5 N I mi 9 % RBhi mi k4
PITAE B0 S B i I T A0 3R 7 B 3R T 1 Tireshola 91
AR Q7 TR, R TR B — SO & B S DL
ARSI HRSFERAT I H A5 & HUE. i R I, 72
LR R 2RI T, FIEN Z 5 4B A
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5 e AH i Y. S LI E B S HY ) F a = 0.01.
[ R AR TE HAT R ZnSER i E S 1 F a = 0.01. K
%7 EHETREND B =0.95.M = 10000 000, EAAFHS 2% S 5K
b5 } I Topeesno o7 B ¥ units = 128
1/:))5;1 3 HlE B_JL[ ] th .h 1d FH‘TZI;& hidden_layerl )
AEDS (min) (min) (min)
act = tanh;
%1 Gl 5 40 20
75| 2@51 G2 7 42 28 units = 32,
Zyk2 Gl 10 45 20 hidden_layer2
¥l G310 93 80 act = relu;
W2 Fih2 Gl 16 99 96 ) N
2 G2 25 108 150 units = 2,
output_layer
f¥i2 Gl 15 188 240 act = none.
Y3 Fuh3 G324 197 336
k8 G2 40 213 160 A& Gy sl gh g R an & 4 F.
° unfinish ¢ ‘ each delay time DunfiniSh I each delay time DunfiniSh I H | each delay time
g 150 M average delay time g 150 ||| average delay time g 150 F 1“ | ‘ average delay time
= I = ‘ B ‘
z  loop | Z 100 [ z 100 -“HM
3 50} n - 3 50 F 0L 3 SO ' bk
0 100 200 300 0 100 200 300 0 100 200 300
iteration iteration iteration
(a) disturbance:5 min; (b) disturbance:7 min; (c¢) disturbance:10 min;
station 1;G1 station 1;G2 station2;G1
each delay time ‘ each delay time o 1.2F each delay time
E 225 ¢ average delay time E 125 'm average delay time Z 10¢F average delay time
- .- LT [}
1St S H “‘ E 08y '
= ‘ = il = 0.6 ‘
< 125t 5 105[0)] ‘ Z 04+, ‘ \' I
- iy, o 1 = ‘#r
75 L - : : 95 L : : g 02 :
0 200 400 600 0 200 400 600 0 0 600
iteration iteration iteration
(d) disturbance:10 min; (e) disturbance:16 min; (f) disturbance:25 min;
station 1;G3 station2;G1 station 2;G2
‘sunfinish f ‘ ‘ ‘cunfinish [ T ‘cunfinish [ T
P S 11T R T 1T T ITITHITTY
© 6 | | | O 6 il O 6 \
g each delay time g g cach delay time
= 4 average delay time - 4 b 4 average delay time
> > >
B 2 ‘ Il 5 2 = 214
T N T osoris 2 o s gl
0 0.2 04 0.6 0.8 1.0 0 02 04 06 0810 0 02 04 06 0810
iteration/ 10’ iteration/ 10’ iteration/ 10’
(g) disturbance:15 min; (h) disturbance:24 min; (i) disturbance:40 min;
station2;G1 station 3;G3 station 8;G2
4 TEIHRTHIINEGER

Bl 4 2R R WoR, AR SO T TR AR 2
WOBE K [l ek B A R, JF Hois A ot
REINFORCE 572 1] L 1245 24 33047 45 R M, 16 58
DR IRl G A RIS B B AL A, T i A2 B A 1R 3 5
i 7 oK
4.2 i REINFORCE B A B4R iR BRI A B L

FE 3.4 715 Hh B0 B AR I 2R 7 o o B
ANREE W, ol ga T & B IR TT R, LU R
T8 I A7 B B et [B] 4 bR 05 AR Ot ] ek EORT
REINFORCE 5 M e (1) 5 1.

R L 233t I [ 4 R B0 B9 P BB A v fr 2
FE, B0 ~ 20 HF BEALIHEL 10> BENLECR 13547 S48
X EE.

1) 55 i 8 1 R Sadh 7 vk, 3 T8 4. T R LR
3P EE T sta, = 10min, Tipreshola = 45 min.
5 AR R 22 K 7 v, B B4 R B0 iR S AN
TR 10 000 37 b B, W) W] 45 [=1 o Foan T

1 .
F? ObJeCt < Tthrcshold;

G = (28)

U otherwise.

IRt Rl 5 FrR. B 5(a) o Bl R Hek A
DR TR B S 7772, B 5(0) s A R iz B0t 7
%, B 5(a) 1 5(b) Hh BR 0 il 2k 35 R R R AE 101N BE
PLECR T~ 520 N BT 45 45 R BT S AE 1 07 ot 22 8]
5(c) ¥ Bl 5(a) ML 5(b) H -1 ) {H h 42 B kAT HE
B, 385 B 5(c) AT LR BAE I R4k B i A2 7 ith
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160 v

£ 140l
= 100+ I
2 el | JW; W
he] 20 k ‘ t‘ﬁ}m‘r‘lfﬂ'l'l\d?l"s;‘l‘JﬁmA S

0 100 200 300

iteration

— adopting tip # 1

—abandoning tip # 1

Hunfinish punfinish |
E 150 E 1s0f
> 100} Z 100 |
S 50 bt R N o -
0 100 200 300 0 100 200 300
iteration iteration
— seed=2 seed=4 — seed=2 seed=4
seed=6 seed=9 seed=6 seed=9
seed=10 — seed=11 seed=10 — seed=11
seed=12 — seed=15 seed=12 — seed=15
seed=17 — seed=18 seed=17 — seed=18
— average — average
(a) adoptingtip # 1 (b) abandoning tip # 1
5 BRREBMABHMEERITEE

(c¢) comparison of average results

1 B R S A AR [, H 2 AR 2RI )G 78, KR
FH AR 22 TBOR 2t 1 o e i 2 AT 7E 72 ¥, HH BT I AL A
ANBBUBE BRI R, TR FH et i i) 20 €6 it 2 DU B 1 1%
i .

2) 0] 0] R 2 Ko Uit T v e 8 4.1 T 2 (AR
2R NS DL T sta, = 16 min, Tipreshola = 99 min,
AN FH R 15 € B0 e J7 v, BDAS 5 i ) R
PR P LALR 4 b B0n T

10000

G= — (29)

WIZRES RN 6 . B 6(a) 7 [ 3 o8 HCR H
R A e E B St 7 4k, 1B 6(b) 2R AR T i et Ty
2. ISR A BRME B0 (I Sult A B e T RE = K

I 1) A SR BRI 3 PR B A, 3 S50HE 3 I 1) 0 2 ) K,
N B M RS I 2R RIOR, R e 1 6(b) A1 6(c) ) A Al
K HI L 10 9 JEFA X A8 . B 6(a) AT 6(b) H 8 £
2 IR AE 104 BEHLEOR 1 520 T i 4545 T
M 07 2R, T 6(c) #5151 6(a) AT 6(b) H )T~
i iy 28 SR RE 4T LA, 5 T 6(c) T LA B, R IR
(B 77V 50t 8 B AR AE IR R R AN I AR 2
BE R RE AR, TR PR 2 A\ A BB 2 b AR A o 5
I, 2 A9 REAA 1 2 S AN 41, (B R SRR AT DAARAIE
FLAE B AR ) Al B BEAT 52 50, B AR I 2R 10 ) A2
K S0t 77 v B e A B R IR SR B L. OF B
PR [T 48 B 50T T SR 8] A AR BOR 22 , R 8
FI.

S unfinishf o 45 e
> 1.0} = 407¢} = 2.5 [
g 0.8} o 35¢ s 24
231
= 0.6f E 30t £ 25 ‘ ‘
> | - N - .
2 ool 1] z 2504 2 2-1-W i
% . T W 3 2.0 E L s 2.0t " W
0 200 400 600 = 0 400 600 = 0 200 400 600
iteration iteration iteration
— seed=2 seed=3 — seed=2 seed=3 — adopting tip #2
seed=6 seed=7 seed=6 seed=7 — abandoning tip #2
seed=9 — seed=12 seed=9 — seed=12
seed=14 — seed=15 seed=14 — seed=15
seed=18 — seed=19 seed=18 — seed=19
— average — average
(a) adoptingtip #2 (b) abandoning tip # 2 (c¢) comparison of average results
6 BIIRERESSHNEE R
*8 BARHERERHNITER B LEDAN
seed
average
2 3 6 7 9 12 14 15 18 19
adopting tip 2 45.44 46.35 45.42 45.71 45.71 46.31 45.66 46.18 45.81 45.57 45.816
abandoning tip 2 44.93 52.10 55.25 55.24 46.04 52.42 45.69 85.53 128.5 45.92 61.162

4.3 REINFORCE 5 Q-learning B kb5

12, A AR EARAUAL — AL Q pR

B A A5K % B REINFORCE £ 7% 5 Q-learning 5.7
Q-learning &y & 55k 2% 2] — FP & L1 5 TESR A% A s R PERE DL 25

W FE 5 3AF N HIA B, IR R R L e B
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*OR

Té1 sta, = 5, 10,15, ..., 50 min+FA R 1 PEzh. Hrf

T*

= 15min 5T,

= 55min Y Q-learning

BRI 2553 F2 - REINFORCE 52751 4t #2 UL B 4%
(RS 251 45 Bt P 7 .

G1,stag 1,stag

S unfinishf = 3f cach delay time = 100

~ 8t ~ average delay time o 35

) © c.2 80

£ o E 2f S5 607

=z by @a & 40 1

) 2 E| W 2= 20

3 LT cl (e
0 0.4 0.8 1.2 0 05 1.0 1.5 20 0 40 80 120

iteration/ 10’ iteration/ 10’ time
(a) REINFORCEJ/#iI%: (b) Q-learning /7 il % () SRR LR
ﬂﬁ%(TGl,sm = lsmln) ﬂ*}%(T;Lm = 15m1n) (Tm.m = 15m1n)

é unfinish F T TN ?2 h dolay 6l 100 Fplanned-G1-G ]

> 8t 1 > 3r : Z?/(e::ragi:?i}élalll;lteime § ; 80 H

g or w £ 2 5% 60 ;

i 4 each delay time i | ’ M %-—8 40 ¢

T“; 2 average delay time = 1F iz, \wm == 20

3 0 o e 0 A B
0 02 04 06 0.8 1.0 0 05 1.0 1.5 20 0 40 80 120

iteration/ 10’ iteration/ 10’ time
(d) REINFORCEJrill% (¢) Q-learningJi ikl % () SIEZE LR
(TG, . = 45min) i F(TL . = 45min) (T oo = 45min)

7 REINFORCE 5 Q-Learning B45 R X} EE

REINFORCE 5 Q-learning /% Ff 432 ) 1 5 45 5

IS TA) 56 BE U35 9 BT . 3% 9 5 3 4T object H 4k 52 My A

H .
=

BUR. ER R 5 VA AT DA B f A A, (5

REINFORCE %2 fft) 11 5 B 8] iz /)y T Q-learning 5

TIEXS 24 AR BEAT SRR B0 45 R, s A RSS2SR VA
%9 REINFORCE 5 Q-learning Fii+ & BFE] %t EE s
delay
5 min 10 min 15 min 20 min 25 min 30 min 35 min 40 min 45 min 50 min
REINFORCE 394.28 415.50 408.52 385.16 354.93 395.90 312.57 316.69 446.67 433.98
Q-learning 1834.2 2047.6 1806.4 1921.0 2008.9 1951.0 1817.3 1861.1 1855.7 1835.2
object/min 90 180 270 396 486 558 648 738 810 900

5 écplf “L@ stochastic and dynamic setting on the stability of railway
ARSCETR RBRAE 1% (1 81 25 1A JEE 1]l 52 ST R A dispatching solutions[C]. The 16th International IEEE

2 77 %3 1) 9 T (AR A S R /N S AR AY B MR T Conference on Intelligent Transportation Systems (ITSC
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