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Deep reinforcement learning for solving the joint scheduling problem of
machines and AGVs in job shop

SUN Ai-hong, LEI Qif, SONG Yu-chuan, YANG Yun-fan
(State Key Laboratory of Mechanical Transmission, Chongqing University, Chongqing 400044, China)

Abstract: Aiming at the joint scheduling problem of automated guided vehicle (AGV) and machines in the job shop,
an integrated algorithm framework based on convolutional neural network and deep reinforcement learning is proposed
with the goal of minimizing the completion time. Firstly, the job shop scheduling disjunction graph containing an AGV is
analyzed, and the problem is transformed into a sequential decision problem, which is expressed as the Markov decision
process. Then, according to the solving characteristics of the problem, a spatial state and five direct state features based
on the disjunctive graph are designed. In the setting of the action space, a two-dimensional action space including process
selection and AGV assignment is designed. According to the characteristics of fixed value of processing time and effective
transportation time in the work workshop, a reward function is constructed to guide the agent to learn. Finally, a 2D-PPO
algorithm for two-dimensional action space is designed for training and learning to quickly respond to the joint scheduling
decision of the AGV and machine. Through case verification, the scheduling algorithm based on the 2D-PPO algorithm
has good learning performance and scalability effect.

Keywords: job shop scheduling; automated guided vehicle; deep reinforcement learning; Markov decision process;
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Tk B TR R R KL, T DR SR FE A R E
SIVERE, AT £(07) R SEREAT B 25, SR 30N

IOg 7'('/ (at |St)
09 = =t 31
(&) log 7 (ay|s:) (1)

Hor ) Fl g (ag]se) 73 A 287 B SRR AT I SR 0E. BT
iy L g 7 A P90 288 R M ST () A, %o — 4 4 2 1] 1)
2D-PPOYE 5 4(0") W 4y R k47
(o) = log 7y, (art|s;) + log 7y, (a2t|st).
log 7o, (a1t|s:) + log e, (aat|s:)
FEHT SR I, 3 3K 0(07) B TE SRR B A ST
3, K PPO-Clip Wit A 1) H A5 B 0 S F
LPPOClip (7t —
E,.,[min(£(6")A™ (S,, A,),
clip(£(6),1 —€,1+€)A™ (S, A)].  (33)

ﬁ\:EPZAﬂ—G(St,At)iéi_\"ﬁt%‘lglﬁ,chp(.f, 1-— €, 1+ 6)
AR o BB (1 — e, 1+¢) .

3 BUESER

9T BAE T 2D-PPO YA 5 3 0 1 i, AR S0k
1734520

1) 4 AR 2 1] AG Y AT IR A 8 2 1] 550 1
L5154 % 35 T 2D-PPO 5 1 1 5 28 5 AT 6
PEfE.

2) 1E WA 5249 _F K VI 2R 0 1) 2D-PPO B133: 15 4%
G5 77 453 AT L, T S AR SC TR (19 3£ F DRL 1
AR TV I RUR.

3) 78 B AR 1 22 1) R 45 T HEAT T A 00 38, LA
U iiF 3 T 2D-PPO i B 7 37 K ML 3 5t F R 75 L
A4

(32)
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B8 55 2 AN S 30N S8, A AR IE 2D-PPO LK
A DL T I, AR SR FH A T3] RIS 1 79 A 4
AT Y25 b /N FASE Y i 1 e 1 Bk, A A 20 4
BEMLE B (4 ~ 8/ TAF, SAHLER A 2N AGV) #EAT VI
S BTN R Ji M BE B 38 UF, 14 FH S0 AN BE AL 491
(15~304 LA, 8~ 10 M HLES 12 ~ 74N AGV) HEAT
Y &5, 5256 H Python 3.7 1 PyTorch 1.8 74~ A PC
3347, Intel Core i5-10400 @ 2.90 GHz, 16 GB RAM.
3.1 MEBEERR

N T B R AR AR H W BE T 2D-PPO 1 FE 7 VA I
AT A8 FH DL S PR R FR bR gt AT FE

1) BRPD fH: f5 £ 45 5L (1) & 43 b 22, Hoih 5507
Y|
100 x (AF — A*)

A* ‘
Hodr: A RoRE AN FIE 10T IS R, A R
T FE 10 RIS AT IR RS

2) ARPDfH: V- ¥ 45 R 1) & 43 Lo w22, Hoat 507
A

BRPD =

(34

ARPD = 100X fj —4) (35)

o AT FoR A N 10 UGB AT P45 1, AT %
TN FIE 10 RIB AT M B 3 25

FYAN T AR 2T 2D-PPO W 7 75, AR
SRR B I T VR ) R Sk 0 1) T 2.
3.2 DRLEZARIIZFNLEIE

J9UEBH BT & 2D-PPO (1) 52 2] e 71 R e PR Re, 78
R BLJah R BOE BETE — B 2 R, X HR
F¥ — e sh /R HEAT 44 1 PPO BLVR I 22 ST RN 2k
SRR UE A SO W B 1A . B S
Bl B A0 GR BN 5000, KR HUON 1024, #iE
WORST N 64,889 RE0N0.2,% 21 %5 0.000 1. 754
AN AR S RN [A AGV R TR IR RER IE R R
RS RE AN 22 ST e . IRt FE b ZE R Rl AGV
235 T A DRL Y REARTE AR [F BB 4E EdkA7 il
2, VIt 26 an 11 3 .

B3 224 7 EAN T AGV B R % DRL B L
o3 1m0 AR A ol 2%, P 9 5 358 43 S SE B I 0 1
WU, S 28 NS brEUE I FE 1. 25t 2 ilg s, P
FREVEA S0 T USSR, B AT L, B AGV U= 1 3
I, BT PPO Bk i B A B0 B 2 18 n, 5 350 > g
1R B, SR A ST HR BVE A PPO 32 2 AGV B &
B0 B AL /)N, ZR I B e ) A ) PR R

0.6
T NORPPC RS
2 os) W
= L
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5 0.3 —— 2D-PPO
: 02t PPO
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(a) 2AGVs
0.6
‘;@K 05t W
=
. 0.4r1
’;’H*: 0.3 .;,ft —— 2D-PPO
0.2¢ PPO
0 1 2 3 4 5
WgkRxE/10°
(b) 3AGVs
0.5
=
K 0.4¢}
+ )
Bk 0.3-’/"
Koy
gr: —— 2D-PPO
0.2¢ PPO

o 1 2 3 4 s
WxkE/10°
(c) 4AGVs
E 3 DRLEATEREHES EIIZRE
R Lk
3.3 INHURIT R MERE
AN TR AN /N R 3 S AR A e
() 2D-PPO 1l £ J7 i 9 e YERE, %3 5K H T Bilge
S0 H () 40 NS0, 3k S 3481 £H 10 A4S AR SE2H g,
FEAS TAFERAE 4 AN [F) 22 1047 Jy A A7 0 1, 1) &
GIEE4GHEA2 6 AGY, A EXT1 RR-H 14
TAFERAESE VM ZE B AT JR o L.
RVNELEES HAL T R0 g 3R, £
best fR 1% 7% T B i 5¢ T 1) [H]. MAS % 7~ A Erol
LBV SR T 2 Bk R G E TR, MIP
Huang!"81 75 W 25 A1 A R 45112 47 MIP A5 Y 15 21 1) 45
BOOTDUE H, 5 RRESE T8 e R 1 MAS AR L, 43¢
J71%FR EX22. EX102 FTEX103 1% 2 T MAS 4b, 78 K
2 K0 S A9 ) B LA L A K AR T, 40 EX44; A %)
TARA KA 22 GE0E MIP [ SR A, AR SO # B2 A 3K i
R b A R ARSI R BIEAE R 4 ) B
HAS T 5 MIP J5 1540 [F) Sl I (14 285 S 75 SR A B 1] 7
THT, SR fif s 1 SR AR AR 2R A, EGE AN () 7 491 1) oK At
B 7] 22 S5 AR K, 1M AR SC AT $g 2D-PPO [ 1T B[] 3 A
TREFIE0.01 s 12 47, BB A ISR
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®1 NEEGIRKRBER
MIP 2D-PPO
EX. MAS
best CPU/s best CPU/s
EX11 130 96 31 100 0.008
EX13 109 84 8 87 0.006
EX21 143 100 731 104 0.009
EX23 98 86 96 90 0.011
EX31 142 99 177 113 0.007
EX33 103 86 7 94 0.008
EX41 198 112 50803 132 0.009
EX43 155 89 3997 104 0.011
EX51 130 87 3119 89 0.007
EX53 109 74 83 76 0.007
EX61 153 118 7927 142 0.009
EX63 128 103 23 126 0.009
EX71 129 117 11235 118 0.009
EX73 93 83 33725 90 0.009
EX81 196 151 15 173 0.009
EX83 172 153 14 155 0.011
EX91 178 116 22 133 0.008
EX93 119 105 10 118 0.011
EX101 188 146 7138 170 0.011
EX103 158 137 291 164 0.011
EX12 98 82 4 82 0.007
EX14 168 103 28 104 0.007
EX22 86 76 5 87 0.008
EX24 169 108 3699 110 0.008
EX32 114 85 8 92 0.008
EX34 167 111 50803 123 0.007
EX42 129 87 3119 107 0.011
EX44 242 121 22554 144 0.011
EX52 98 69 18 77 0.006
EX54 168 926 176 105 0.007
EX62 123 98 10 119 0.011
EX64 189 120 1760 152 0.011
EX72 92 — — 85 0.008
EX74 156 — — 136 0.009
EX82 172 151 15 151 0.009
EX84 251 163 4681 193 0.009
EX92 123 102 10 116 0.008
EX9%4 181 120 62 131 0.008
EX102 154 135 162 161 0.011
EX104 246 157 79 885 172 0.011

3.4 KIS RBItERE
5 v ] 2D-PPO X} O B 413347 T 3841F, (H

G RAEA O 2 4 AGV T4 & HLAE, B R LA 5 R
A 84, WM PEAN IR, Dy 1 2P Ik 2D-PPO i 5
R R, A SO B B R AGV B 22 (1) H A iR
%1 (https://github.com/Aihong-Sun/self _Genelns) # 1T
B, X 2 5 A2 AR R T & AN R ZE TR A R
AGV # i . TAREON Tp 4, v] AAE — @ B FE EEGHIE
B RIYERE. N T HEE 2D-PPO B VL iz AL MR RE, K
55 DU U B B0 3247 %5 Bz 1) FIFO + FAFS, 26 2
IR B A S8 0 L, AR 0 B o BE I AGV #E 1T iz

1, 2) LOR + FAFS, Fl 42 T )7 502 5 2 (1) TS i
T, f it i 56 23 1 AGV BEATIEH; 3) LRPT + FAFS,
Tl 4% 0 TR R] B A 1 AR AR 2 0 L, B e RIS 1)
AGV It 5 i $%; 4) FIFO + ST, 4t 21| 18 ML 2% 11 T 1
P T, AR A JE B AT FE I 1A B A K AGY AT I8
fi1; 5) LOR + ST, & T /7 £ i 2 (1 LA e im T,
e 36 AT R I 1) B 46 ) AGV #E4T 32 %0, 6) LRPT + ST,
T % Jon B T g A 9 A A S n T, R e A7 R 1) e
T AGV BE T I8 .

2 TR T AN EE RN AT 2D-PPO 1A E Ty ik iE
1T 101 B B AR AR, o “15_8 27 KRR AR
H A8 GHLEE. 2N AGV A IS MR I T T |
4 R 5 3 ) A [ B2 7773 3K fié 1) BPRD {8 46 1Y
KA APRD 1 76 24 &l N 4 R S AT DL HE, G iR
1 FMAE I8 2 P41 |, 3T 2D-PPO 7 v #1 A
A /M2, ] AR B BT BE I R e 7). 7E K AR
5 18] -, BTG 5450 i) CPU B[R] 3 G- FFAE 0.4 s LYY, 1T
DA Hh RIS 7R RS AR O K R A58 o, BE - 2D-PPO 5.
TEAKCER e DR UIE A0 R SR 8. R Y AR EGEE i 25
J&, 2D-PPO i 1) 3K A RE 191 46 [ 43 dan, 7 S5 431
“25 10 3”7 I, HLU FIFO + FAFS HU43 () e At 5¢ T
6] 9 647, A0 T A% ST FT 41 B3 SR At (1) 5 A 56 1 I ]
648; fEELM] “25 10 57 F1“30 10 77 b, A SCHREL
73 7 5N FIFO + FAFS AH [A] FR 2805, v DLt iy 38
2D-PPO 592 i M g AE RS o — e V8 Bl /S 2 HE IR
ToIEIE BRI (G, DR 1 5 5 0 T 3K fige I
BB, X S5 E R EE | 4Eh(E R T4
HERHNE BB R, M — DR T Fre Bk
e, By 1E 7 SR SR AR 2 SR ) A

60t .
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0 %* L. e
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®2 AHUEEBIRIKBER

F5  HPIZFK  FIFO+FAFS LOR+FAFS LRPT+FAFS  FIFO+ST LOR+ST LRPT+ST 2D-PPO  CPU/s
1 1582 570 598 593 646 692 720 531 0.124
2 1583 413 446 458 477 545 518 383 0.142
3 158 4 334 363 394 378 470 456 318 0.107
4 1510 2 617 626 662 657 845 754 551 0.156
5 1510 3 429 481 510 533 651 608 399 0.123
6 15 10 4 361 410 421 423 510 520 346 0.157
7 20 8 2 767 789 813 959 1024 884 697 0.164
8 20 8 3 538 560 606 736 783 646 502 0.132
9 20 8 4 415 430 480 480 611 501 404 0.142
10 2010 2 831 822 869 1036 1024 962 775 0.192
11 2010 3 543 557 601 675 763 750 505 0.191
12 20 10 4 409 458 519 505 637 568 396 0.183
13 2010 5 434 460 488 527 623 560 410 0.163
14 20 10 6 408 425 461 429 543 472 386 0.177
15 2510 2 962 985 1008 1205 1287 1247 902 0.277
16 2510 3 647 706 712 870 1004 861 648 0.395
17 25 10 4 516 582 608 686 800 757 515 0.348
18 2510 5 491 537 569 566 714 615 491 0.289
19 25 10 6 482 558 572 556 670 622 472 0.252

20 30 10 2 1220 1215 1254 1480 1610 1590 1176 0.343

21 30 10 3 774 793 849 937 1045 927 762 0.348

22 30 10 4 632 714 773 894 1014 1019 632 0.320

23 30105 621 753 721 805 907 856 605 0.310

24 30_10_6 592 602 617 713 797 755 542 0.295

25 30 10 7 580 691 691 598 801 761 540 0.357
4 & ®» SE ik (References)

AR XMV ZE 18] AGV FIHL &% FRO I 5 1 B2 )
$EH 7 —FhFE T 2D-PPO [ Ak 5 ST BT k. 5T
TRT T RAE AL 2 ) AGV FIHLE & B8, JF
R LR B R RE R R O By R AT R R SRR it 1
THTECE PR RFAEAN B 72 SURFAE LA N 5K B 4 7]
B, IF BT 7S TR AGV $RIR ) —
Y1 22 18] D9 SE P e /AL 78 TR (8], Bevt 1 3 T i
FOURFAIE 22 Jal bR 2. 3 I 3 S A [R] A S 36, MR ORIE B
1 2D-PPO BVELE R AR L 4 18] AGV 5 HL & 1K A 1
JEZ 1AL 55 R F — 4B/ 1 PPO AR B B A S 47 U
SIVE REAN 7 ST ROCR, A/ INIUR F) | 55 3 1 22 B AR &
G SVEAR P EAT S 1R SRR o 2, 8 KA [t =
5 I RE AN RE b B A B R AR SR AR P RE.

A% 3C H A8 A DRL 550925 7 4 v 3 B S,
TR K A 3 P85, IR 2 o) (R Rk 2 R DU
K %, AR T DRL Y AR A4 ¥ 2% 2] Rk, 35
TRREAE LT T L PR R DRL A RE AR AN
ENFERIBETE, I 25 RR ] 2 B Re Ak nm Ak 2% > 1 77 sk
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