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Optimization of E-commerce Order Batching and Sequencing

Considering Worker Fatigue
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Abstract: As competition in terms of order fulfillment timeliness among major e-commerce shopping platforms intensifies,
improving order picking efficiency has become a key problem for e-commerce warehouses. Previous studies suggest
that order batching strategies can enhance picking efficiency but overlook the fact that worker efficiency tends to
decline with fatigue, leading to challenges in implementing the optimization results of batching and sequencing. A
mixed integer programming model is developed to minimize the total order completion time. This model considers
worker energy consumption while jointly optimizing worker rest batching, order batching and sequencing decisions. A
two-stage algorithm and a control-based seed algorithm are developed, while their performance is compared and
verified. Results show that the control-based seed algorithm is superior to the two-stage algorithm; the rest arrangement with
consideration of worker fatigue can not only enhance employee satisfaction but also decrease the total order
completion time. Sensitivity analysis reveals that when the work intensity difference between pickers and sorters
increases or the buffer capacity becomes uncertain, the control-based seed algorithm exhibits superior effectiveness
and stability.
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Figure 1 Layout of the manual pick-and-sort system
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if length (batch) <C then
if length (orders) <O then
update length (orders) (ZEHTFF 4 while fE¥F)
if length (orders) =0 then

Batch.append (batch)

PR BOES 2 BB
I\ Batch
i restl. rest2. Cppo
1258 1 {LUOTIRRT AR E 1K
for each n in length (Batch) do
RIELIH (33) Al (34) i+5 Batch[n]f) TN TAE 7K D,
if D,=1 then
TATEAX —RRETAT RS,
append(n), Y,=1
IRIELIH (20) ~ (23) 5L Batch[n] NI 57 FH AR Mk ¢
FRISTR] . & IFSE R ) Craxa
if D,<1 then
TAAFEARX - HIRFTETRE, ¥,=0
HRHELIH (20) ~ (23) TH5T Batch[n] I\ 55 R H LUJF ik
SERAT I . A IESERIIL. Can
end if

restl.append (n) B{F# rest2.

end for

return restl. rest2. Cpao
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ANHURM 1~ 9 355150 A o HRARE STHR[ 7180 22 B 1
MREMKHERRASH, b, HlrEEks
45 m, EIEFAN Sm, $HiERATEEE N 45 m/min,
A RERARH—AE S FEE 0.1 min B IF—1F
Fi il 75 2 0.3 min, FRIEEMEEN SO HFrim. &
ARG REKH, ZMXERERNNME—EFMET
X} B I 10 58 TR 25 Rsgm AN K, R T &4k
W, ARCEBIEEZMXEEN 1, JFESEST
S X 5 B AT AH . (1 BB 2 AT

R4 SCHR[20], ik T/ER TE 8, &1L
TEIB T 5530, DRI AR SO e Rk 53 9% 55 R UK
TEI R AR EIRIE RIS ZECN 0.09, &
H BT REON 0.02; T AGEAAERM 168 ~
180 cm. 65 ~ 85 kg (13551 43 A s B0 B[] P 1 4%
1 51 RE & R E N 10.056, & FF G AE BB AE 4.933;
A O R FEUo L R PRl AR (50 22 570, B
PRik 71 54 IF R AR B E 42 3024 5 min 5 3 min.
BT SCHR[12], ik 5 AN O 01 i A A O = Hcn
%2 P,

x2 IAEREER

Table 2 Basic information of workers

TN G/ fR#E ERY Hiest/ Hpmax/ Heyor/

it} cm kg % (beatmin ') (beat'min ') (beat-min ')

32 EERWHE

FRE 53R SCRR[31AIARER, 76 1T 5204t vl S8 1 e
Fot, A 50% R B AL HIRAE ko
TR RO UM T 5L 5B FIEM S & RE
S5 (SGA) 1 bt L SR B 56 4 il ;AR b 1 55
12 (CBSA) B R . A SCTH TR & 8% S5
b R A R SR AR R ae PR, AR LR AL B DL
obj_v=1/Co  ENENE R E, Hrh, C,. A&
S LI R), SR R K, AR A 58 TN TR )
BT FE B e B SR MG , Rtk 5 Hh L 1A) B 1T B gk
ITRX, ZXJGHWRAT AR EA BT HRIEE R
By RASER T RO AT R e, IE BN R
Hi. SETHGUEBAMTFEIEAR, BifeEE
SRR AT X, AR S AR IR o S AR, RS E AR
SBEAREIT AR, B ARYE TN TAE G K P 2
TN EAEW— R AT IR R

ESYRIS4T T, K Python3.7.0 4wfE, 1817
£ 55y Inter (R) Core (TM) i5-8250U CPU @1.60
GHz, 8 GB f%, Windowsl0 EfE G5, 1ER 4SS
SRACER 7T, CBSA fE [\ — 8401 b5 K fif 45 5 AH
[, BT LA AN AR 1) 5 A B8 0 5l SR — K,
TR IE M T4 R T SGA £ [F —5H A |
TFUCRIALE RAE, HULER ST SGA f 4~ 5451 4
(1 5 ANEE 3 BIR M 10 0, I HIE M T4

RS e o GMHT o WAL R AR R B4 I B AR A
GRS 178 75 35 60 160 110 Ijllti% 3.
®3 ETEHBEENMFEESBEREEEL,
Table 3 Comparison between the control-based seed algorithm and the genetic algorithm
i BT ) EAR R T 5% (CBSA) TRA LRI (SGA) S5 T (GAP )%
58 TR [A]/min SRR [A]/s A58 T ] /min SRR [A]/s

S, 273.55 1.46 294.37 1.78 -7.07

S, 318.71 1.54 347.03 2.01 —8.16

Sy 365.25 1.89 389.72 2.40 -6.28

Sy 410.26 1.68 442.52 2.90 -7.29

Ss 449.45 1.94 478.55 3.04 -6.08

1) GAP,=[(CBSA 34,52 TIH []]-SGA 5% LI A)/SGA .58 TH []]x100%.

MR 3R, B AR R OE K
SGA IZATI (M 2HLH BB K% . Mz T,
CBSA AMXIZAT I (8] BEfe, 0 HFE A i 2t 4 x
BN, o YR SR AR R o AR SR AR T T
CBSA [FIFERILH 0, HRAF K A 58 T A4 440

T SGA. EfkKui, XFTHrA @4, CBSA Kf#
E R SGA AL T 6.08% ~ 8.16%. Hitt, LA
A, EEXPAE B, CBSA #5 0] DLZE B [ By
[ N4 2 HE SGA BAR B, X 78 431F B CBSA 1
KRR AN T b AR .
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Table 4 Result comparison of the two-stage method and the proposed joint optimization method

aHIsE sk

LTSI SRS RRE HRIERTFIRERE SR THRERS  BETHE/Mn  GAP/%

PR BoR 4.8 8.0 5.0 3.0 289.97

S 5.66
ENGIE 0.8 1.8 5.1 3.0 273.55
PR BR 6.2 12.0 6.0 3.0 341.38

S, 6.64
FNGIS 3.4 0.4 6.2 3.2 318.71
PR BOR i 9.2 12.8 7.0 4.0 388.51

S; 5.99
AHFF 5.8 0.6 7.0 4.0 365.25
PR BoR 10.2 12.2 7.6 4.0 436.3

Sy 5.97
ENGIE 9.2 0.8 7.8 42 410.26
PR BR 11.6 11.6 8.0 5.0 45721

Ss 1.70
FNGIS 11 0 8.2 5.0 449.45

1) GAP,= [(WBr BOR g H b o8 BB~ AHT FEBE & LAk F AR e U /PIB BOR R H b7 b8 81 100%.

I RR, EWAMARPRATIET, &
SRR S (0 o A B R — 3, Rk A&
H B2 OB S BB 2R AR & Rl
UL EIEE, Hid A BB BOR AR 78 S P
LB N 4.8, 6.2, 9.2, 102 Al 11.6, TfE
BRAEMMTET, X —HFNFEEZE 08, 3.4,
56, 102 fil 11.6. X T&IHRAME, EEEGIATT
R P2 S R B R FFAE 0~ 2 IR Y [
P, TP BRAE VA RIS RO A A 7E 8 ~ 12
R X—RIMEKH, BERARE LR D
TN R 8] J7 T R B, L IR 7R A 3R
300 ~ 450 HSEBISER, HARMBIRE HEE,

AL, ISR FE ST, PR TT
N AR IE ORI I O3 AR SR B AR A 2
FARRGE, AT R BB 2 T Hifr
BT 1 . X Bl HEAU Bh T4 mi 45 0 ke,
WEEEARWIRA R THERE, WAELKER
BT R TARRE 47 1 TARAIRES o SES I AR I AR
77 IR B AR AT B DA IT B B R o i g
HAFAEA o

SACRE, MET W B, FREE
P57~ KRB A HCRIHET A AL 7 VETE 40 R
SE LI 8] 5 TR R B SE AR o AN [R)RUASE 1) 557451 A ik > 11
FEAI AR A] [H], 43T R A& AR 300 ~ 450 Z [H] B,
J 58 T [l i %2 W] BRA 6.64%, RORE . SR,

LT AR IA F] 500 B, PR A 7V 2 A ) 22 R

MIAHT B /N o IXZR B, FEH /N B b, R

MBEE R ERBIUNLE, FTR_AITHRE

TR

34 HEREEHRNFSHREERMRTEIRIE
sp=A|

BT 3CHR[20], HRik AR T A I A TE A 5 K
P57, TE LRSI b Bk R 5 A I R 1% 5T
Rz 45 1. Bk, & RIS RE
@, 79 0.02, THRi% AT R E e, 8 0.09. SR,
5 RS B AR 12 w0387 30 SR FH 45 145 4l B 18 45 SR %
ST TARSREE, AT PR IL 01 )P 57 FE A . i
FLEP Ok 07 5 G 91 R 5T R B LE kAT B
Seas, LR U Fh 01 1 55 205 BE 22 S AR A R A
PROTRCR (52 o 8 R R R 015 A 9T R 5T
R, wT AR AERR B SEBR TR SR, HN
i ik O AR AL B BRI E A IME S % .

Bl 3 R T 9 5T R A AR A0 P Rk AR V2
RS SE TR 2 BE R P~ AR Ml . SIe &8 E R
T—AHEES: XTI ERER S, b
FHHE R G RE 57 RECER ARG, BE
Ak 7 V2 AR AT TR B B VAR AT B R 58 TR ) )
A ZE B AEIZE DG . AR UL, KT /NI 1)
S (B 300 NTTH), VT BA R 58 LA JA] ) 22 BE
BRI 1.55% B0 KA 5.66%; 1k T KA
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Figure 3 Impacts of the fatigue coefficient ratios between pickers and
sorters on the total order completion time gap using the

two optimization methods
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Figure 4 Impacts of fatigue coefficient ratios on the total order completion time with various numerical examples
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Figure S Impacts of buffer capacity on the total order completion time with various numerical examples
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