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Abstract: In actual production in the workshop, energy of machine will be consumed not only in the processing state, but also in the no-load
state, and the energy consumption of machines will vary at different processing speed. In addition, with the wide application of automated
guided vehicle (AGV) in workshops, its energy consumption can not be ignored, therefore the research on green scheduling of job shops
considering AGV and machine speed is of great significance. Makespan is not only regarded as the efficiency indicator of workshop
production, but also, to a certain extent, means the reduction indicator of machine energy consumption in no-load state and the improvement
indicator of machine utilization. Based on this, the makespan and energy consumption optimization problem of the job shop considering AGV
transportation and machine speed was studied. Firstly, the machine energy consumption and AGV energy consumption of job shop were
analyzed, and the process constraints among AGV, job and machine were explored. And the green job shop scheduling model considering
AGYV transportation and machine speed was established. Then, the two-stage optimization method was adopted to optimize makespan and

energy consumption of job shop. In the first stage, the machine processed at the highest speed and used an improved sparrow search
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algorithm to optimize makespan; in the second stage, while the makespan optimized in the first stage remained unchanged, the gap gear

adjustment strategy was proposed to reduce energy consumption in job shop by reducing the machine speed of some processes to achieve

optimization of the total energy consumption in job shop. Finally, the algorithms were simulated and verified using standard use cases through

simulation. The experimental results show that in the first stage, the improved sparrow search algorithm can improve the quality of the

population, accelerate the convergence speed of the algorithm, jump out of the local optimal solution, and obtain better makespan. In the

second stage, on the basis of above makespan, the gap adjustment strategy is adopted to reduce the energy consumption, and the energy

consumption can be reduced by 1. 13% ~5.18% through 10 use cases. The results verify the correctness of the green scheduling model

considering AGV and machine speed and the effectiveness of the improved sparrow algorithm.

Key words: job shop completion time; energy consumption optimization problem; green scheduling; sparrow search algorithm; machine

speed; gap adjustment strategy; automated guided vehicle(AGV)
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SLEAFE Intel Core i5-5200U .2. 20 GHz CPU . 8. 00
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1o BT eI T3R5Eh : MATLAB R2020a,

ZHRBLE IR/ N A 100 3 5035 e Rk ECh
5003 AGV 75 &l Ty 0 1 2 T 2 53 5] g 0. 12 kW Al
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1P EEHLEAEA 3 DA, BA AR
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4.2 HEBHWERKIE

R T S UE B IR R A R SR AT R S K B
PERRAEAE R B0k (1SSA) 5 hR e Rk 18 R 5% (SSA)
PIRSCHR [ 18 ] rh (1R A iy B 307 J88 550 1% (hybrid harris
hawk optimizer, HHHO) | P i1 B #8307 (improved
harris hawk optimizer, THHO) | I HL 7 & 2y (harris
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Table 1  Power of machine
. R p/kW
e H i 2 iz 3

ToomT ms WM a# W sk
1 1.23 0.23 1.51 0.32 2.27 0.37
2 1.16 0.18 1.5 0.28 1.82 0.35
3 1.15 0.19 1.39 0.3 1.88 0.35
4 1.38 0.23 1.92 0.33 2.34 0.39
5 1.04 0.22 1.5 0.31 2.22 0.38
6 1.27 0.23 1.56 0.27 2.26 0.37
7 1.17 0.22 1.51 0.3 2.16 0.4
8 1 0.17 1.21 0.29 1.69 0.35
9 1.3 0.25 1.77 0.32 2.51 0.4
10 1.36 0.25 1.96 0.31 2.51 0.38
11 1.35 0.24 1.85 0.34 2.44 0.39
12 1.03 0.19 1.48 0.28 1.92 0.32
13 1.31 0.23 1.86 0.31 2.29 0.39
14 1.06 0.2 1.45 0.3 1.96 0.4
15 1.45 0.3 2.09 0.35 2.97 0.4

hawk optimizer, HHO ) . X I8 ff: 1k & 3% ( grey wolf
optimizer, GWO ) F5 £ i fk. 3 ¥ ( whale optimization
algorithm, WOA ) #E47Xf Lt, XJ 52 T-0f [al #4741k 5
MR AT 20 W, B 20 IR S5 A0 AE F 7 2 {8 #E 47
A

AN SRR R AR 2 s .

%2 WOA.GWO HHO.iHHO HHHO. SSA 70 ISSA EiE{TH R

Table 2 Results of WOA, GWO, HHO, iHHO, HHHO, SSA, and ISSA algorithms
i [Eq] WOA GWO HHO iHHO HHHO SSA ISSA
141

PSR RitH . e T RiLH . RiLH . RiEE . ek
BT SRR R “‘W Ritm TR ”‘W' Riti TR ”‘W' Rit# TR ”‘W Ritm TR ”tw Ritie TR ”‘W’ Rit# TR “‘W
FT06 55 55 57.3 5 55 57.65 5 55 56.55 8 55 58.3 2 55 55 20 55 57.75 2 55 55 20
FT10 930 1098 1178 0 1098 1179 0 1066 1178.9 0 1095 115495 0 976 1000.7 0 1176 1232.4 0 962 994.5 0
LAO1 666 675 701.75 0 666 700.45 1 666 694.4 1 666 704.65 2 666 668.7 14 678 702.2 0 666 666 20
LAO5S 593 593 594.05 17 593 594.05 17 593 593.35 19 593 594.55 17 593 593 20 593 593 20 593 593 20
LAO6 926 926 950.25 3 926 936.65 4 928 960. 35 0 928 960. 55 0 926 928.95 13 926 951.5 3 926 926 20
LA1l 1222 1223 1270.9 0 1222 1256.45 3 1239 1292.2 0 1234 1299.95 0 1222 1230.7 11 1236 1277.1 0 1222 1222 20
LAI6 945 1077 1130.05 0 1058 1123.75 0 1078 1122.3 0 1241 1288.35 0 946 984.5 0 1082 1113 0 956 985.93 0
LA21 1046 1296 1383.85 0 1290 1370.1 0 1293 1411.8 0 1313 1418.7 0 1132 1178.9 0 1353 1427.95 0 1100 1154.1 0
LA26 1218 1604 1660.45 0 1572 1619.55 0 1552 1623.7 0 1552 1629.95 0 1381 1396.4 0 1635 1703.36 0 1275 1328.6 0
LA36 1268 1620 1681.1 0 1622 1685.9 0 1634 1682.75 0 1626 1679.8 0 1365 1393.85 0 1695 1762.77 0 1351 1386.4 0
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Table 3  Comparison of improvement strategiesin SSA
WA CATR —— SSA - SSA +IN _ S‘SA +IN +LS - ISSA
AL PRI fi RASH I AL R fi RALSE P2

FT06 55 55 57.75 55 57.6 55 55 55 55
FT10 930 1176 1232.4 1133 1203.6 1 004 1049.4 962 994.5
LAO1 666 678 702.2 677 700. 14 666 671.45 666 666
LAOS 593 593 593 593 593 593 593 593 593
LAO6 926 926 951.5 926 943.6 926 926 926 926
LA11 1222 1236 1277.1 1227 1276.2 1222 1222 1222 1222
LA16 945 1082 1113 1 064 1110.3 982 1020.9 956 985.93
LA21 1046 1353 1427.95 1323 1427.56 1107 1182.7 1100 1154.1
LA26 1218 1635 1703.36 1624 1688.43 1310 1347.75 1275 1328.6
LA36 1268 1 695 1762.77 1642 1752.6 1400 1459.73 1351 1432.4
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Fig.4 FTIO iteration curve
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Table 4  Optimization results in two stages

(]| BBt 5B Beiifl E [

#hR E Con E &R/ %
FTO6 68 545.29 68 527.67 3.23
FT10 1065 13046.99 1065 12371.19 5.18
LAO1 672 6 851.31 672  6749.853 1.48
LAO5 599 5580.22 599  5458.455 2.18
LAO6 932 9693.71 932 9569.4 1.28
LAI11 1244 12820.48 1244 12704.201 1.13
LA16 1021 13718.72 1021 13222.028 3.62
LA21 1228 19822.67 1228 19326.729 2.5
LA26 1351 25139.03 1351 24454.826 2.72
LA36 1449 30276.26 1449 29178.109 3.63
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