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Using a hybrid algorithm to solve the joint order batching and
picker routing

Student: Li-Kai Chan Advisor: Dr. Chen-Yang Cheng

Department of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

Order picking is the most costly operation in the warehouse because it is labor-intensive
and repetitive. However, most common order picking research focus on order batching or
picker routing and both sub-problem are NP-hard. Therefore, this research purposes a hybrid
algorithm for solving the joint batch picking and picker routing problem considering batch
size, order allocation in a batch, and traveling distance. The core of the hybrid algorithm
consists of the particle swarm optimization (PSO) algorithm and ant colony optimization
(ACO) algorithms. The PSO algorithm finds the best batch picking plan by minimizing the
sum of the traveling distance. The ACO searches for the most effective traveling path for
each batch. The result shows that the hybrid algorithm is the more efficient methods than the
optimal solution and the current industry practice in terms of solution quality and
computational efficiency.

Keywords: Order Picking, Hybrid Algorithm, Particle Swarm Optimization, Ant
Colony Optimization, Order Batching, Picker Routing
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4 519 %KL

Problem Problem Size ! Problem Problem Size
Data ) i Data .
Size Number (Order, Capacity, | Size Number (Orde}', Capacity,
items) I items)
1 (5.4.4) : 19 (50,4,4)
2 (5.4,7) i 20 (50,4,7)
3 (5.4,10) : 21 (50,4,10)
4 (6,4,4) i 22 (100,4,4)
5 (6,4,7) ! 23 (100,4,7)
6 (6,4,10) : 24 (100,4,10)
7 (7.4.4) : 25 (200,4,4)
8 (7.4,7) | 26 (200,4,7)
9 (7,4,10) : 27 (200,4,10)
Small 10 (5,5.4) | Large 28 (50,5,4)
11 (5,5.7) ! 29 (50,5,7)
12 (5,5,10) ; 30 (50,5,10)
13 (6,5.4) ! 31 (100,5,4)
14 (6,5.7) ! 32 (100,5,7)
15 (6,5,10) ; 33 (100,5,10)
16 (7,5,4) ! 34 (200,5,4)
17 (7,5,7) i 35 (200,5,7)
18 (7,5.10) | 36 (200,5,10)
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FEBREMRIEER > A ZAeP TR s A3 2L e AT B
Chen ~ Lin £ Fang[1l]#7# * 0= ;% > oo 38 (14)#77 ©

SolutionGap(%) = >—B 100% (14)

235(14)¢ S SRIE AF T BT RfRZ S B i d CPLEX &
fR2_ B iEf3 BArAg e R i@ 5o PR * 3T RS 2 ik g o
B2 TR AP N S R R R B L B o %
TR RfFEF 0 RRZER 2 EAFRITERER o
521 % v
#5232 FEHDOEF TR IR AR IEYF 5 CPLEX £
RN B EfE oA AFE TR R I FERGTIVFE R ERFEITEE
Bl AR REFZE B R G2 FaEmPAiEr 27 4~
AT REF BRSO RAET hkFfE > om < kA2 P48 > CPLEX
b RfREARY > WA REERE S EAF TGN Y a0 REIT R

% 5.2 AP B E BV AR 2 B % e

) CPLEX Optimalier Hybrid PSO and ACO algorithm
Data Size Problem Problem .S1z§ -
Number  (Order, Capacity, items) Solution Min Average Max
Solution(Gap %)  Solution(Gap %)  Solution(Gap %)
1 (5.4.4) 40 20(0%) 10(0%) 10(0%)
2 (5.4,7) 44 44(0%) 44(0%) 44(0%)
3 (5.,4,10) 54 54(0%) 54(0%) 54(0%)
4 (6.4.4) 40 40(0%) 40(0%) 40(0%)
5 (6.4.7) 46 46(0%) 46(0%) 46(0%)
6 (6,4,10) 56 56(0%) 56(0%) 56(0%)
7 (7.4.4) 42 42(0%) 42(0%) 42(0%)
3 (7.4.7) 46 46(0%) 46(0%) 46(0%)
Somall 9 (7,4,10) 56 56(0%) 56(0%) 56(0%)
10 (5.5.4) 28 28(0%) 28(0%) 28(0%)
11 (5.5.7) 28 28(0%) 28(0%) 28(0%)
12 (5,5,10) 28 28(0%) 28(0%) 28(0%)
13 (6,5.4) 40 40(0%) 40(0%) 40(0%)
14 (6.5.7) 44 44(0%) 44(0%) 44(0%)
15 (6,5.10) 54 54(0%) 54.4(-0.7%) 56(-3%)
16 (7.5.4) 42 42(0%) 42(0%) 42(0%)
17 (7.5.7) 44 44(0%) 44.8(-1.8%) 46(-5%)
13 (7.5,10) 56 56(0%) 56(0%) 56(0%)
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R fREER o ] RHCR BT A LR AT B R R M D
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5.3 447§ HE A HCRIL RSN 2 - FE R A TR E 2 3 % 50

CPLEX Hybrid PSO and

Problem Size Optimalier ~ ACO algorithm Multi GA algorithm

Data Size II:TIS;ZIESII (Order,
Capacity, items) Average Min Average Max
Solution Solution Solution(Gap ~ Solution(Gap  Solution(Gap
%) %) %)

1 (5.4.4) 40 40(0%) 40(0.00) 40.4(-0.01) 42(-0.05)
2 (54,7 44 44(0%) 44(0.00) 47.2(-0.07) 50(-0.14)
3 (5.4,10) 54 54(0%) 54(0.00) 56.8(-0.05) 60(-0.11)
4 (6.4.4) 40 40(0%) 40(0.00) 44.8(-0.12) 46(-0.15)
5 (6.4,7) 16 46(0%) 46(0.00) 57.6(-0.25) 60(-0.30)
6 (6,4,10) 56 56(0%) 56(0.00) 58.4(-0.04) 62(-0.11)
7 (74.4) 42 42(0%) 42(0.00) 46.8(-0.11) 48(-0.14)
8 (74,7 46 46(0%) 46(0.00) 56.8(-0.23) 64(-0.39)

Small 9 (7,4,10) 56 56(0%) 56(0.00) 63.6(-0.14) 66(-0.18)
10 (5.5.4) 28 28(0%) 28(0.00) 28.4(-0.01) 30(-0.07)
11 5.5.7) 28 28(0%) 28(0.00) 28.4(-0.01) 30(-0.07)
12 (5,5,10) 28 28(0%) 28(0.00) 28.8(-0.03) 30(-0.07)
13 (6,5.4) 40 40(0%) 40(0.00) 44(-0.10) 46(-0.15)
14 (6,5,7) 44 44(0%) 44(0.00) 49.6(-0.13) 52(-0.18)
15 (6,5,10) 54 54.4(-0.7%) 54(0.00) 63.2(-0.17) 64(-0.19)
16 (7.5.4) 42 42(0%) 42(0.00) 44.4(-0.06) 46(-0.10)
17 (7.5.7) 44 44.8(-1.8%) 44(0.00) 52(-0.18) 56(-0.27)
18 (7,5,10) 56 56(0%) 56(0.00) 62.4(-0.11) 66(-0.18)
19 (50.4,4) - 3088 342(-0.11)  371.2(-020)  374(-021)
20 (50,4,7) - 348.8 392(-0.12) 452.4(-0.30) 462(-0.32)
21 (50.4.10) - 363.6 425(-0.17) 470.8(-0.29) 476(-0.31)
22 (100,4,4) - 606.4 666(-0.10) 738.4(-0.22) 744(-0.23)
23 (100,4,7) - 674.8 680(-0.01) 896(-0.33) 906(-0.34)
24 (100,4,10) - 698.8 732(-0.05) 930.4(-0.33) 946(-0.35)
25 (200,4,4) - 1241.2 1276(-0.03) 1485.2(-0.20) 1500(-0.21)
26 (200,4,7) - 13312 1386(-0.04) 1817.2(-0.37) 1832(-0.38)

Large 27 (200,4,10) - 1394.8 1426(-0.02) 1883.6(-0.35) 1900(-0.36)
28 (50,5,4) - 249.6 298(-0.19) 305.6(-0.22) 316(-0.27)
29 (50,5,7) - 267.2 304(-0.14) 352.8(-0.32) 360(-0.35)
30 (50,5,10) - 280 326(-0.16) 359.2(-0.28) 366(-0.31)
31 (100,5,4) - 495.6 530(-0.07)  620.8(-0.25)  630(-0.27)
32 (100,5,7) - 540.8 570(-0.05) 729.2(-0.35) 734(-0.36)
33 (100,5,10) - 5584 592(-0.06)  732.8(-031)  744(-0.33
34 (200,5.4) - 1002.4 1122(-0.12)  1247.6(-0.24)  1260(-0.26)
35 (200,5,7) - 1078.4 1185(-0.10) 1483.6(-0.38) 1490(-0.38)
36 (200,5,10) - 1116.8 1254(-0.12) 1506(-0.35) 1520(-0.36)
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18 1 &
Order 1 Item A 12
Order 2 Item B 3H
Order 3 Ttem C 2D
Order 4 Item D 1F
A X,
Batch 1 | Order 1 | Order 2 | Order 3 Butch T = =
Batch 2 ‘ Order 4 ‘ ‘ Batch2 ——
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% 5.4 AR R~ FRSULARGINCAI R 7 s 2 % & A E

Problem Size O(I:J‘ﬁ?n]ii(er Current method Hybrid PSO and ACO algorithm
Data Size Problem (Ordelr, . NMin Average Mox
Number Clapamty, Solution Solution Solution(Gap  Solution(Gap  Solution(Gap
items) (Gap %) o o o
o) %) %)
1 (5.4.4) 40 44(-10%) 40(0%) 40(0%) 40(0%)
2 (5.4,7) 44 56(-27%) 44(0%) 44(0%) 44(0%)
3 (5,4,10) 54 54(0%) 54(0%) 54(0%) 54(0%)
4 (6.4.4) 40 54(-35%) 40(0%) 40(0%) 40(0%)
5 (6.4,7) 46 56(-21%) 46(0%) 46(0%) 46(0%)
6 (6,4,10) 56 56(0%) 56(0%) 56(0%) 56(0%)
7 (7.4.4) 42 54(-28%) 42(0%) 42(0%) 42(0%)
8 (7.4,7) 46 56(-21%) 46(0%) 46(0%) 46(0%)
Small 9 (7,4,10) 56 56(0%) 56(0%) 56(0%) 56(0%)
10 (5.5.4) 28 28(0%) 28(0%) 28(0%) 28(0%)
11 (5.5,7) 28 28(0%) 28(0%) 28(0%) 28(0%)
12 (5,5,10) 28 28(0%) 28(0%) 28(0%) 28(0%)
13 (6,5.4) 40 52(-30%) 40(0%) 40(0%) 40(0%)
14 6,5,7) 44 44(0%) 44(0%) 44(0%) 44(0%)
15 (6,5,10) 54 56(-3%) 54(0%) 54.4(-0.7%) 56(-3%)
16 (7.5.4) 42 54(-28%) 42(0%) 42(0%) 42(0%)
17 (7.5,7) 44 46(-5%) 44(0%) 44.8(-1.8%) 46(-5%)
18 (7,5,10) 56 56(0%) 56(0%) 56(0%) 56(0%)
19 (50.4.4) - 358(-0.16) 302 308.8 316
20 (50,4,7) - 366(-0.05) 348 348.8 350
21 (50,4,10) - 368(-0.01) 362 363.6 364
22 (100,4,4) - 688(-0.13) 590 606.4 616
23 (100,4,7) - 710(-0.05) 674 674.8 676
24 (100,4,10) - 702(0.00) 698 698.8 700
25 (200,4,4) - 1368(-0.10) 1240 1241.2 1244
26 (200,4,7) - 1408(-0.06) 1330 1331.2 1334
Large 27 (200.4,10) - 1406(-0.01) 1392 1394.8 1398
28 (50,5.4) - 282(-0.13) 248 249.6 252
29 (50,5,7) - 280(-0.05) 266 267.2 270
30 (50,5,10) - 282(-0.01) 280 280 280
31 (100,5.4) - 560(-0.13) 482 495.6 506
32 (100,5.7) - 564(-0.04) 540 540.8 542
33 (100.5,10) - 562(-0.01) 558 5584 560
34 (200,5.4) - 1106(-0.10) 1000 1002.4 1010
35 (200,5,7) - 1132(-0.05) 1078 1078.4 1080
36 (200,5,10) - 1134(-0.02) 1114 1116.8 1120
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% 5.5 | F]+ 2 k&

Control Factor Level 1 Level 2 Level 3
1 TEME A 10 15 20
ITER &
2 B 4 7 10
BHE
;}ﬁ i “a’
3 AREZ C 3 4 5
K2
4 BB D 12 18 24

2. R7
1) 271+ 9% S RpTHREET2INLE LAV THEHLIE
(Confounding) » 2 F| 3 g & i 2 H v P Fa s 7%
(2) £4F2=0 0 5P NEWEAIE > FERFS EE AR TS o
5.5.2 CPU Time #c#§ 4 44
@Fﬁ%£%Wﬁ:iﬁﬁﬁﬁé’iﬁﬁﬁﬁi%ﬂiﬁ*
CPU Time 2 i (7 % 2 #i 4~ 7 (ANOVA) » i# * Design-Expert
8071@*“¥;ﬁw . ANOVA % 4r# 5.6 #771 > 2 ¢ F]5 A7 H 8k
gATF?Bﬁﬁﬁfﬁﬁfﬁ?ﬁ(Hﬁﬁiﬁ&$§i$ﬁ?§%
FBgpiz2 E5pl > A7+ DREEIERMARFT 27255
PRBAFE TR AFE 22 EERERE o S CPU Time 5 )
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% 5.6 CPU Time

Zz. ANOVA 5~ 47 %

Source Sum of Squares DF Mean Square F P

Model 8326.67 8 1040.83 8.30 <0.0001
ATEH F 1666.99 2 833.50 6.65 0.0017*
BiTE N &A= 4323.04 2 2161.52 1724 <0.0001*

CHhEEZEARE 1873.88 2 936.94 7.47 0.0008*

D-gEfr % & 462.75 2 231.37 1.85 0.1615

Residual 19185.15 153 125.39

Lack of Fit 9349.63 72 129.86 1.07 0.3833

Pure Error 9835.52 81 121.43

Cor Total 27511.82 161

*p<0.05
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45— : Makespan 2 R 5% iy %

F% A B C D| CPUTime | % A B C D | CPUTime
1 10 7 3 18 15.14 82 10 7 5 24 7.93
2 10 7 4 12 15.38 83 15 4 4 12 15
3 20 4 3 18 16.74 8 20 10 5 12 23.37
4 20 7 4 24 17.58 8 10 10 4 18 15.98
5 10 10 3 18 19.35 86 10 10 5 12 11.95
6 15 7 5 12 17.09 87 20 10 3 12 39.27
7 10 4 4 12 9.75 8 15 10 5 12 17.62
8 15 7 3 18 20.37 89 20 10 4 12 29.28
9 10 10 5 18 11.65 90 10 10 4 18 15.76
10 20 4 3 18 17.28 91 15 4 3 12 15.63
11 10 7 3 12 18.73 92 20 7 3 12 34.41
12 15 4 5 12 12.77 93 20 10 5 24 21.89
13 10 7 4 24 8.84 94 10 7 3 12 18.38
14 20 4 4 24 10.2 9% 15 10 4 18 21.71
15 20 7 5 18 20.61 9% 20 10 5 24 21.76
16 20 7 5 24 15.44 97 20 5 12 16.78
17 10 7 5 18 11.06 98 20 3 12 34.18
18 20 4 3 24 11.26 99 15 3 18 20.39
19 10 4 4 24 4.51 100 15 5 18 10.68
20 20 7 4 18 23.67 101 20 10 4 18 16.83
21 10 4 5 18 8.42 102 15 7 3 24 12.74
22 15 7 3 12 24.48 103 15 10 4 24 19.13
23 15 10 5 24 15.95 104 20 10 3 18 34.47
24 20 4 4 18 15.8 105 10 10 3 18 19.12
25 10 4 4 12 9.87 106 20 7 3 18 27.37
26 20 10 3 24 31.18 107 20 4 S5 18 14.01
27 15 7 5 18 15.77 108 20 10 3 12 39.81
28 10 10 4 12 16.92 109 15 4 5 24 6.82
29 20 4 3 24 11.05 110 10 7 5 12 11.69
30 15 4 5 24 7.05 111 15 10 3 12 28.54
31 20 10 5 18 22.92 112 10 3 24 9.36
32 20 7 4 18 23.59 113 10 4 12 15.73
33 10 4 5 24 3.98 114 15 10 5 18 17.06
34 15 10 3 12 28.48 115 15 5 12 17.08
35 20 10 5 18 22.37 116 20 4 24 16.92
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#% A B C D | CPUTIime | 9% A B C D | CPUTime
36 20 10 3 24 31.14 117 15 4 3 18 12.26
37 15 7 3 24 13.04 118 15 10 3 24 21.87
38 20 10 4 24 25.44 119 20 7 5 24 15.99
39 20 4 3 12 21.68 120 20 4 5 12 16.8
40 10 10 5 24 10.27 121 10 7 3 24 9.26
41 15 4 4 18 12.04 122 20 4 3 12 22.04
42 10 7 5 12 11.6 123 10 4 3 12 10.78
43 10 10 4 12 17.35 124 15 10 4 24 19.15
4 10 4 3 18 9.09 125 15 4 3 24 7.85
45 15 4 4 18 11.9 126 15 4 4 24 7.34
46 20 4 4 12 19.32 127 15 7 4 12 21.09
47 20 4 5 18 14.23 128 10 7 3 18 15.02
48 15 7 4 24 12.52 129 15 7 4 24 12.39
49 15 7 5 24 11.19 130 20 7 5 18 21.11
50 20 4 4 24 10.47 131 10 4 5 24 4.12
51 10 7 4 18 13.61 132 15 4 5 12 13.11
52 10 10 5 18 11.77 133 15 10 5 18 17.29
53 20 4 4 18 15.13 134 15 10 4 18 21.34
54 10 10 5 12 11.92 135 15 4 5 18 10.47
55 10 4 4 18 8.9 136 20 3 24 18.51
56 20 10 3 18 34.01 137 20 5 12 22.7
57 10 4 3 12 10.71 138 15 10 3 18 25.46
58 20 7 4 12 27.03 139 15 4 3 24 7.68
50 20 10 4 18 27.41 140 10 10 4 24 13.83
60 20 10 5 12 23.6 141 10 4 18 13.88
61 20 10 4 24 25.73 142 15 3 12 24.54
62 10 4 4 18 9.08 143 15 10 5 24 15.63
63 10 10 3 12 22.05 144 15 10 3 18 25.46
64 20 7 4 12 27.22 145 15 10 5 12 17.74
65 10 10 4 24 13.36 146 10 4 4 24 4.4
66 10 10 3 24 155 147 10 4 5 18 8.38
67 10 4 3 24 4.93 148 15 4 4 12 14.33
68 15 4 3 12 15.66 149 10 10 3 24 15.17
69 10 10 3 12 22.02 150 15 10 3 24 21.97
70 15 5 18 15.76 151 15 4 4 24 7.46
71 15 4 12 21.33 152 15 4 3 18 12.99
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% A C D| CPUTime | % A B C D | CPUTime
72 15 4 18 18.9 153 10 4 5 12 8.48
73 10 4 24 9.26 154 15 10 4 12 23.25
74 10 10 5 24 10.52 155 10 7 5 24 8.05
75 20 3 24 18.34 156 20 4 5 24 9.83
76 15 4 18 18.54 157 10 4 5 12 8.28
77 20 5 12 22.8 158 15 10 4 12 23.09
78 20 10 4 12 29.5 159 20 4 5 24 10
79 10 3 18 9.43 160 20 7 3 18 27.34
80 10 5 18 11.25 161 10 4 3 24 4.95
81 15 5 24 11.11 162 20 4 4 12 19.73
T A THEEE(AL: 100 A2:155 A3 : 20)

B: Hp5@m#k#(Bl:4°B2:7>B3:10)

C: #fp4d i@z k#(CL:3-C2:4>C3:5)

D: ##%%(D1:12>D2:18D3: 24)
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