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Optimized mathematical models for multi-AGV scheduling
problem with charging requirements and time windows

CHEN Xiangling"? ,GUO Peng'?,WEN Kun'?,PEI Xia'"*

(1.School of Mechanical Engineering, Southwest Jiaotong University, Chengdu, Sichuan 610031, China; 2. Technology and
Equipment of Rail Transit Operation and Maintenance Key Laboratory of Sichuan Province, Chengdu, Sichuan 610031, China)

Abstract: In order to improve the sorting efficiency of automatic guided vehicle (AGV) in the logistics sorting center, an
optimized model was proposed considering the characteristics of power consumption and charging demand in the sorting process
of electric-driven AGVs. On the basis of considering of the AGVs’ remaining power and package delivery time window, a
mixed integer programming (MIP) model with the minimization of the sorting operation cycle and a corresponding constrained
programming (CP) model were formulated. In CP model, the interval variables were used to describe the performance of tasks
and the change of electric quantity was recorded by using cumulative function. The computational results show that the CP

model has better performance compared with the MIP model. Adopting mixed integer programming and constrained
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programming to formulate the AGV scheduling model can effectively improve the sorting efficiency. reduce the operating cost

of enterprises, and provide an alternative solution for the AGV scheduling problem with more constraints.

Keywords: logistics system management; multi-AGV scheduling; charging demand; time window; constrained programming
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Obj Time/s RPD Obj Time/s RPD
1 71 71 0.55 0.00 71 0.05 0.00
2 81 81 1.43 0.00 81 0.30 0.00
: 3 82 82 1.33 0.00 82 0.35 0.00
4 87 87 0.40 0.00 87 0.28 0.00
1 66 66 0.20 0.00 66 0.15 0.00
2 59 59 0.64 0.00 59 0.21 0.00
s ’ 3 48 48 0.25 0.00 48 0.52 0.00
4 59 59 0.09 0.00 59 0.07 0.00
1 59 59 0.19 0.00 59 0.04 0.00
2 41 41 3.37 0.00 41 0.31 0.00
! 3 40 40 0.16 0.00 40 0.05 0.00
4 46 46 0.11 0.00 46 0.07 0.00
1 130 131 1 800 0.77 130 1 800 0.00
2 126 126 37.50 0.00 126 4.57 0.00
: 3 91 91 6.50 0.00 91 0.50 0.00
4 91 133 1 800 46.15 91 2.46 0.00
1 69 69 0.35 0.00 69 0.59 0.00
2 77 77 0.21 0.00 77 0.01 0.00
10 ’ 3 73 73 1.66 0.00 73 0.68 0.00
4 81 81 0.07 0.00 81 2.18 0.00
1 63 63 0.31 0.00 63 0.02 0.00
2 53 53 0.88 0.00 53 0.45 0.00
! 3 55 55 0.63 0.00 55 0.51 0.00
4 74 74 0.11 0.00 74 0.09 0.00
1 148 158 1 800 6.76 148 0.73 0.00
2 152 162 1 800 6.58 152 1 800 0.00
: 3 142 151 1 800 6.34 142 1 800 0.00
4 153 177 1 800 3.51 153 1 800 0.00
1 112 113 1 800 0.89 112 1 800 0.00
2 102 102 119.14 0.00 102 5.72 0.00
H ’ 3 96 124 1 800 29.17 96 1 800 0.00
4 91 91 69.37 0.00 91 1.93 0.00
1 76 76 5.56 0.00 76 1.97 0.00
2 74 74 1.83 0.00 74 0.88 0.00
! 3 71 71 1.77 0.00 71 0.53 0.00
4 75 75 0.20 0.00 75 1.29 0.00
S — — — 407.08 2.78 — 300.76 0.00

RIBEB B THEZ RN 2 s, @ TA R By NP-hard [a]#, 46 22500 50 B, MIP B RUA 4
AT REHR E T U L A 8 ANBIAEDE T 1 800 s S ANREFR BN AT AT A% . 1T CP KEAYAY 9 A>T 45 RE 75 Sl I [1)
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Tab.2 Computational results of large-scale instances

J \% No MIN MIP P

Obj Time/s RPD Obj Time/s RPD

1 99 — 1 800 — — 1 800 —

2 112 1800 112 358.01 0.00

10 3 108 — 1800 — — 1 800 —

4 113 — 1800 — 113 1 800 0.00

1 76 140 1 800 84.21 76 11.81 0.00

50 5 2 87 1800 87 15.29 0.00
3 88 — 1800 — 88 72.12 0.00

4 83 — 1800 — 83 23.03 0.00

1 53 83 1 800 56.6 53 21.49 0.00

2 62 78 1800 25.81 62 12.94 0.00

20 3 59 — 1800 — 59 21.81 0.00

4 55 84 1800 52.73 55 12.45 0.00

T 1 800 54.84 495.75 0.00

R B B L, A 2 A S0 6 B 8] YR RE R B AT AT f% . AT SRS ] Lok, CP A7 (1% SF- 34 1 55 5[]
9 495.75 s, /N T MIP #5823 mE ], B AE AGV 80 15 F1 20 89 T4 &4 v, CP R R 1 F 2314
BF A 23.87 s, UG AT DL CP AR 7R A fif R 4 5 v o0 2% 1 7 F 5 SR RRE B [ 1 () KA 22 AGV I B ]
AR
3.3 AGV EEHH
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AN AGV $ Be & FFE 252w o 85 58 TREE] . X Fi2 8 50 5 . AGV 1 BE BBy, R 1 A o 35t i
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