R Ad iz LAKRALE

Tianjin Sino-German University of Applied Sciences

AR Helip 37

SH it b X AR dt & BE TR MMV ARAL BT 5T

Research on Optimization of Picking Operation of FMCG Warehouse

in SH Logistics Park
¥ B BEefGEAR
LA 4 Vi e 3
B FK_ 19 MR EHEE)2 I
¥ 5 19404070122
/R REZ
& EUM RS
R Al 2%

SEREFE 2023 4F 06 A 02 H




REPRENAREARKE
AR R

SH ¥yt fE X AR TH i & BEFRIEAF AL ARAL BT 5T
Research on Optimization of Picking Operation of FMCG Warehouse
in SH Logistics Park

¥ B HeedliEseb
% Vi
K 19VREEE)R U
= 19404070122
.4 2EE
&S HUIT Bt

S S B €S

SERREFE] 2023 4F 06 A 02 H




REFENARXAKREF
ARPE R (830 @R

S BRI 2 B 4, ik
£ ke f BRI ke
ERA SH 137 e [R5 s P 5 e AR LT
EE! prscl | E KR He R S
BT K, YIRIE T O DA RN RS — A B
W, AR RGN B BB . Y %
LR AT 22—, R AR % 0 IS L B 0 B v i X (103
e | TGRS R R 2 ORI R B O R
g g | FCRIOKEBIA. BRI TR AR SR, (A
ey | VTR, PR 95 TR T 0 AR
W, KRR ES . BREA IR, A TR SHAE X b
W PR M ACR, SRR . ST, AREHN R
B AR R AR A o B X HR  f P T B 2, FEAT SR 403 Hik
B PR R SE T TR HEAT AT SE, SR M AT L2835 I R AR T 2.
1. 407 SH 437 B X Hsls O FE B He F 32 A
AR Rt el R I 07
& 3. PRI, S e R .
L BRI 3 . B s AR S S 5 S I
TAEIE 0. A P R AT SR A AR AR 5 A 5 B GBI 1 13 L S
S ST BRI 1) S AR LR 25340, R0 00 SRR T S
1B O HAE AL L
AR 2. Bk —EVARE. B ICER S BTN At
JIER 3. B H B P EATIITT, ot 4 SR AT AT 1 B

 (HWEE) HEZN:
Al &

Mg N (Z54):  EESIoL 2022 %9 A 23 H




A4t oAkt AL

Tianjin Sino-German University of Applied Sciences

Eillngit G230 E5H

A B _ SH Y bel X R i A 12 PR AR
HALHE 5

% IR B

£ W B

SN RS

7 = 19404070122

FIEH®: 20224 10 H 24 H~2023 406 H 02 H

SSES IR Wtk

£ TFIEHBA: 20224E 10 A 21 H



ESHEEEX

1. Bkt GBS0 AR B S BTG &SR8 0 A ARERIES, 2% Ast NHE
B fEA R WARSS TRLE BT (R3O FRaRT— & PEIF I R A4

2. BB BNESMNE, LARFEEENRT B3O 58RI B — 8

3. EHEBHNAR k7 . Rl FEWWIAE, ME PR, NS TR,
AR ST BE 4T (0 16014010101 ;

4. BREAHSHMMES, 4B ERS GB/T 7408—94 (il o sgiis . FE
A HIAI ARORVE) FUE RER, —HAMAEHTHE. 1 “2004 43 H 21 H” 5
“2004-03-21" .

5. AREMPBG GE30 WEECRIESR, WAEZEARMEMEEL. m “ Bkt G
30 —F: A0 SARELEAC L Tk A2 SHEASISHIFEIEILR 2 5k SN L & PR 2 R

A
~3 o



Bk & it B3O &£ % #

1. Ebcit GB30 R 5§ E

BB 2Bt R R B, JCHGR B ARG A, A5 HL 17 95 AT kA5 B PRE
J&o HTb Ml ARG A 7 B S R SO M LB U5 3, R 1 SR
A RIERE . PRI Wl R TN B R, AR ESR R AR E H T I &
SRPANK, 25 PR R 55 K2R . N 1A 1T S s R FRSRIT L K B
PUPESR . T 2 STBRE DA B, T B TR) AN 8 PR o e i, AER AN B IE © 28 A%
N LR 55 kAR R B B 38 G AR R A R S5 KT I B B AR T PR A LR Al
WNZBAR v T ER R NI TR) A BE DR AE H B s RO AE, I RN &Rk

AR L SH YL el X DRVH w6 BE DR BT FUXT G, IR T SH Wi X AR i &
RABH TR 55 S AT HRIE IR . B R VR VA S50t 17, 2R & 5 1T 5
SO RS PR IR ST, DRI B R ORAT R SRR, 3R PR it
TR TT S, iz AL BRI dh 6 P SRR AR 52 1 2 2 s 4 i 3

2. kit GR30) PHEHESS N AT EK

(1) FRAERI E ] /A CPUE B TR, ORI AT TR AR OC
BBk

(2) RBE SH YL X PH s B BT 5T 6 MMoL, 74 SHilE X R
TH it B R SRR ML A7 A 1 i) L

(3) BTN AT EIVR, 8 maiT St kit sae k=R, St
P el DX DRTH 6 P LA R 0 SRS AT A0t 5

(4) @AAT R, EFEE MR, O R AT KA

(5) MARWCERBIMIT s, T B Bo Al a (b ae /152 Lt AT 3aiE




Bk i it B3O £ % #

3. kit G830 REECR (BRI ITHE S R YRGS -

ENbie e 15

4. WHEBEVER,

(11221, T 5 T NG RGET B8 e K-max JESEEE D] T SHLER Bt
it 22 4%,2021,27(05):1506-1517.

[2)BIRE 2. KL R B PRI IX B AL AL ANAE 23T B 7 ikt 75 [D]. R B TR
*#,2021.

[31BR PRE, Wk <t 2% h8 S 247 70 I i o it 5 PRk it A S R AL A TR 0] B (1 S
51\ iK,2020,50(06):16-25.

[4]1Z2 58, X G138 AL 1 B SRFIR AT S SRR AT 7T )] 3 b B 30
1£,,2021,43(01):134-137.

[S1HH/NEE, Fi#E 52 £ T Canopy 1 k-means i ITT B kARG D). & IR Tl k2
AR (SRR 441),2017,40(03):414-419.

(615 K. FERGACIE F 0T B b SR R AR AL 7T [D]. B B B T K%, 2016

(715K ik, #0553 55 8 e P v 1) 22 B 2 AP [ R A R T iR D T H SN L AR B i
%%5,2018,24(02):410-418.

[B1ZF ¥, AT L0452 T AGV IR RE QR GET ik MR 7T ). 18 5 5
1 2020,29(09):1-9.

[9]Sebastian Henn;Gerhard Wascher.Tabu search heuristics for the order batching
problem in manual order picking systems[J]European Journal of Operational Research

222(2012)484-494.

FITAE b o A
Al &
PsT N BRSNS

2022 “F 10 A 21 H




RAGELAKLR AL

Tianjin Sino-German University of Applied Sciences

ARG GRSO) TR

SR T

N/ =

S
1k H 4
83 Hm
TERR 3 -

YlNEELS

an

K

19404070122

2022 4 10 H 24 H-2023 406 H 02 H

Fite

2022 4 11 H 18 H




—. FEBHREAE (REMERNERX. SEREEXRNEAIIR (M) BRER

%, REXEMANE. SERE)

(—) REHEREX

1. R E K

AR, B BRI PR, I OB R I 30, A Rl S e 2 s
RARPATE T B A o DTl S K T, AR Al s 58 22 10 W R 3 A A 4
AZPRIE b B FBCIE RS . T PE SRR M 2R, S R TR BN IR 55 75
R, LGN TR CE TR P A CaEIREE, 454 Py i ks
o Ol ok SEOE A HOS TN G FE IS T RS P e i RS R, 5
VTR, PR £ 52 2% 6 i 5 A R A 2t ot e [X B 42 2 1) F) R FH SR R A Ry it 1 o
EEDR . Rk, BT SR R R R

SH Pl X #F —RE mE2iE (S5) , HTAMEIE. BMds. M AKEY
K i LMELE IO T G AT . OSBRI A S LR/ R
[ BER m REE . A 1 N BB B3I B0 R ik N AR L 2548, TEQE AT
K AT TR BRI ok, R TIT RGO . I RS I, S EOT AR K
HIAK. B B2C HL T 55 HOTRIE R R AT A5 B 5o T I 208 P 38 A< o R 22 SRR R ok
s AT HE R CAE T SH Y9 el X PRVE b 2

DRk, DL SH P el X iy it £ B A BRI AU R, B AU TR 1% B A5 7 THIAT
FER IR, SIS 1% DT T B AR VRV B, 45 A D G e rp S e DA R B
N THIERSIER S, S e EE R %, T HEE RN &6 2 ik
R, BRARSRE A, 2 SH Yiil X B &G EBLE & R 7 2L

2. REBHEX

(1) R4k SH it I X AR & A BE 4 i B

PRA B SCHR 32 B 0 PR O R AR M ARAL I AT B S, A6 )5 R B FUIT R
SIEEEN DL S BRI VRNV R, AT 1A R B T 0 R AR SR o PR M B
Mo AR VR E FET X SH i el DX PR i i 76 J2E S VRV IR, A0 M B i B AT o
Rias B ToRAR S, RN S PEEHR IR B P AR 8, B R AR AL
(I i B i ARSCHE—ERERE b, FHE T S S R S 5 Tk

(2) &7 SH Vi I X AR & & B e R

EEE SH Wit e X B s e i R VR L P AR I 1, 3B A bR s B E I 7
SR, N T SRR R S AR R, DR A N B AR, BREATHRS 6
fils RPN FEAGFAE o S8 X PR S B R VR R AL 7T, B SH i el DX B b £
PR A SRR o AU ELE X SH Wi bl X BRI & B AT 7T, 4R izl LR 3L
AbIE DU LR MV AR S . BRI B 2 X




(=) EASEIFRIVR

LIRIEVE N B BT 5T

FEEBL (20200 MELY -G EAWE TSR, 0B B AR 1 R AU AR e
i VI RO EAR L AT HAE RS

MM %E (2021) PILAKL BTG TR DS MR E, RIVEH HEICR
i JEIR K B 2 AT B R 2 e 11 Il A

EE (2021) BILLW A FYIREE 0 3C 7 i G EME AT &, R IG PE R A7
fifi FEME A L FHOE ORI . B AR AR 1) 3

FHE (2018) HILL S A A 3 SELEH LA TR R, KIZCFELIERME NS
B B A R R 7] L

=385 (2022) BILL A AFNIT RFRIEE AN R, KRBT S ERCRAR . P AN g
BRI BARE, ASERY R RIEI AR S EAG B B AT E G R R 2% .

K (2016) LA ANV O TR B, RBUE T AR s R/ BGE
SRR S IR BT R A

XA (20200 MEL B2C HLRHCIE OO AR B, RINIA PRt i sUA7AE 1T S R
KB PRICEER S, A HOT AL BRI,

Henn S (2015) BIDLRLETG BB IO B, AHLILA HL R 6 P A7 AE 1T 57 R L I 1
Do

2. SRR RAHT T

FEBL (20200 MRLY HEGEAVIFEN R, PLE R & /Ny B R @A 71T $.5p
AR BRI SRR, DR R PR R

P (2017) PIL A FCIE QAR AU R, K PR N SR PR I R o (477 B o A
NERR, EALAT R RN PR R AR R

DeKoster (1998) M55 N LIIE VA BT FUXT B, SR T AL T AR FE T 5
HOACFRS:, — MR EIEA R I SR, BT PR AR e BRI AT T R

MEBL (20200 PULLHERE ARSI R, BLkik N ST E BB S /NN B bs, SR
S 4 SRS AN EL i SRS A 25 & (17 SUHEAT PR g A fE A

BRF (20200 MALLHEFG AR AR R, BAF AT FSE R . SE A 1) i) 1550048
SERRAT AL, RAARAGR K S0t ik g A gt AT ik .

5P (20220 MBILIHLES NERE RIS R, O 1 R B REG 5 2 HLas AN FRiE 7
A B AR R 1) R, 3 HE — RS I R AL 2R T )5 T BodE A* SRR R shaS AU I .

Fozil (2021) MILLA HIRGBPEAWE TN G, SR A WO SR IT B S Ak A itk
AT, R HRIE L S TR AR BN A7 A B RS .

3.5 TT B BT I




FHRI A (2021) PILL KL B @EEABF AN R, DA EE R S bafh dlfe th 1 857 DA%
T Rz S I K 5 A R P LIS TR) DRy B AR B AE 26 1T FR o A A

E.V. Korobkov. (2015) USIxf—ft@ BRSNS G, Jp b ia) AUAT LAIE L i b 3 22759
HKefif vk, RIREITTT 53 At (Fh 155035 AT 8] & 1T B 70t

FEWE (2021) BILL W AaAYmBciE 0 3C 7= i B FEVE R AU G, 3 Bl 1T 5y
ORI AR HEAT O A PRI A0 LR & FE (R e i AR ML R

M (2021) DOLL P BRGNP R, BB ZRAT H A AR T
TR R gt SRR IR AR Y, DA PRI ], P &0 X AR &

JATE (2022) UL HFRIE RGN IR B, X ERATIT B AN 7 AT BRL [R5 B[] &
e AT BT FEAT Btk i)

ZBH (20200 USILLIE NGB FEN G, H R TTAE N S HR G B AGV #ijis 17
ZRURHL, L DAT BRI S A S/ M H BR BT $ ot I AR AR, SR A K-max ZE26
FERAT T B kA .

ZiE (2021) DOMETBr 3 N\ K B A T-RER B R FIA R i sking, Ll Mb B2
VI IR BARTEE 1 1T B 404k n) R ) 2 A

Al (2022) ROIRLBR RNk G FE NI TN R, Ui/ MU B 48 4i6E SOy B AR
SEAT B AR Y, SR VT AR AU RE A K R RS AR A T VR ST B it

B/ (2017) PURLELR ANV AR TN B, AR VT B B ARFAIE DL VT B T ) SR BB A,
KH k-means RREILFATRE, FRGAH AR, FAHFRIE, $Em1T B HRmARL

YangJ (2021) RALUE FH FI# 30 6 S 1) H o 2 i FExt B, DL /NI IS 8] 9 H
Br, FESCAT B AR, VR G 1B A% SR EAT SR AR

4. RALALHE T

KJ Roodbergen (2012) PIBHSE [ AiiJai. HhiGESACERMEOEREN R R, AR =8 (A
WA EAEH, RIS AR AN e 1T B R RN 5K

Pang (2017) P4 FE UM I3 B2 AT 5 AN [ B v 2 TB) R ORI, $g it 7 1R A7 4>
Bofvk, P/ MEN AR ARG VR ML i 2 2% A2 8 B 5

M Tu 1 MF Yang (2020) 5155 N LR G PR NI FEXT 5, AR AK F R B0 058 1) i Ao
e R 67 i IR 7] R

JEgR (2019) POIDLHEPIE GONBE RN G, FER ARG X AR R, LR
B Bk i 55 o

Amorim-Lopes M (20200 PILLAMESG AT AT SR, LAA7 g 7 Lok ng, DA sS4
HY 1 RE -

A B AN FOR R B e TTER At R A DL ACER A AR AL 1 T Y AT T3




WHET 7 B4 Horh, XTHEGENIT RSP EREOER AR RO ERE/E Rt
FIRIZ A TTTE s RT B AR 782 AT Bt 7 20, 3T S AR AL i R AN B0
JUANTTTERBEAT A s X FRade PR A AT 78 1 BEAE PR BR AR I MR L A AR DA O A5 Y
I TT I s R B BT 78 B R 5 1 R OB E L I T T 55

(=) REXEHANE

AVRIE AR e SH WL Il DBV it e T SRR A7 AE R I R, 3 s e RO A28 1
NRERE, M3 2 B S5 PRI AT 3584 719 R, X SH W0 el DX PRYE il & EE T H
PRI/ HEAT LA FE . AR TR 78 A 28 32 B 45

(1) SH it I X ARV B BE R SR A A7 E i) R

X SH it el DX BRVH it PEREAT RIBIE, X5 DR b0 B i S AR ade VRV DR 3647 73
AT, R A P A7 A B M R4 83 1 T B A AE 1) L) JER R 23

(2) SH Yyt lE X ARE it B EEHREE LR TR

e SH Wi bel DX PRV i B BESERBR AT Rl BRI SRS . BEAZ g T FRABIK . T
PR S HESE S MEGE, PRI L BRI AT Ge it o

(3) SH Yt X ARE it B EE R E AR TR R

PASE AR ALk R AN E i T BE 9T 7 H b, X SHO WAL el DX AR it 6 e Rk A b
BATOCATI T, 20 e SEAT S HE A PRI s AR AR AL, IR AT SR BVA BETT

(4) »LEARAEILES R

XFEARACHT G 7 58, SR ET G B b as R . RledT e BER R . AR RO S B AT
R, DAERAIEAC AL AE R 15 B A AR i) S PRas ARk R

(M) S 3CHR

(AR Y HR G Hode VML 5T [ D] AE 5 b 3 2838 K 57,2020.

[215 R 2. KL HLRS @ PR AL X B L RALFIAE 23T 573 LRI ST (D] M AR B R
#.,2021.
BIEWE. W 2 " P ACiE o O il FRake LA iF 7 [D]. M /R TG /RS EE 1K 5%,2021.
[4]EHE. S Al BCiE o O B i PRk AR AR ST D] R T BH R 52,2018.
[S128. A A0 B P i ik B AR LT 78 [D]. B3 T TR IR K 52,2022,
(615 K. HRACIA OV Bt S ik AR A 78 [D]. B - B W3 T K %%,2016.
[71X1BEA B2C HL RS ACIE A 0o 1T 8.3 L SR AT FUERIR (0] BARC R 5 100k, 2020,41(20):47-
49.

[8] Henn S. Order batching and sequencing for the minimization of the total tardiness in
picker-to-part warehouses[J]. Flexible Services and Manufacturing Journal, 2015, 27(1): 86-114.

(9170, A R R Ak BT s LRI VR ML ARAL T FE[D]. TR 22,2017

[10]DeKoster, R Van der Poort.Routing order pickers in a warechouse: A comparison




between optimal and heuristic solutions[J].IIE Transactions, 1998,30(5): 469-480.

[L1TAE 2R A5 R T 6 P IR A ML AR AL T T[], R 095 R 9,2020(04):49.

(12180 D Fa Wk <31 2% 18 58 A4 0 0 a2t 70 ik 5 PRasde B A A DL AR B [ 2807 O S
5iAiH,2020,50(06):16-25.

[1315K ) &, PN 55 55 B e 2 v (0 22 BLAs A\ P [ B A LRI D5 92 (0. o SE LR R i 2%
£5,2018,24(02):410-418.

(1417350, B A ACIE thoO AT R R AR A AT 78 [D]. 78 B P B koK 57,2021,

[15]E. V. Korobkov. Warehouse Order-Picking Process. Review[J]. Nauka 1 Obrazovanie,
2015, 0(3) : 153-183.

[16]%E He. P HL i A MEAim v VM ARAL A 78 [ D] AL 5T A6 583 K 52,2021

[17])8 10, 5K 5 55 &Rk RSt T T 524k n) B 7T 0] AU Si4,2022(01):271-
275.

(18121, H T35 XN R GET H b1 8 S K-max BRFILR[TTH RN Bihiig
£4:,2021,27(05)

[19]1Z8 5 X 81| TE A5 5 T SR BRI AT B 70 L SRS B 8 [0]. 413 V. 5 3
14.,2021,43(01):134-137

[20]4018 ), X ik 28 55 B 2 N TT 3 o ik AR AR AL I 72 (0] 49 B, 2022,45(11):27-
33.

[21]8H/N e, F5 5% 25 T Canopy 1 k-means B 11T HB 0 #EOCAL[T]. & B LMk K& 54k
(H 2R B 421),2017,40(03):414-419.

[22]Yang J, Zhou L, et al. Hybrid genetic algorithm-based optimisation of the batch order
picking in a dense mobile rack warehouse[J]. Plos one, 2021, 16(4): €0249543.

[23]Roodbergen K J . Storage Assignment for Order Picking in Multiple-Block Warehouses
[J]. Warehousing in the Global Supply Cham, 30(5),2012,139-155.

[24]Pang K W, Chan H L. Data mining-based algorithm for storage location assignment in a
randomised warehouse[J]. International Journal of Production Research, 2017, 55(14): 4035-
4052.

[25]Tu M, Yang M F ,et al. Using a heuristic multi-objective genetic algorithm to solve the
storage assignment problem for CPS-based pick-and-pass system[J], Enterprise Information
Systems, 2020(23):1-22.

[26] 72 4. R R DRH e Rt IX B 62 70 e i) AT ST [D]. 8 224K 2K +#,2019.

[27]Amorim-Lopes M, Guimaraes L, et al. Improving picking performance at a large retailer
warehouse by combining probabilistic simulation, optimization, and discrete-event simulation[J].

International Transactions in Operational Research, 2021, 28(2): 687-715.




—. HERBHSER

ik A FEHE Finss 8
(1)2022. 10. 24— (1) BEE RS PRI BHESH | (1) 58 Ok @ H 4l R A
b 8 AT % P
2022. 10. 30 (2) BEE FF BRI VETF R 5 PPT
(2)2022. 10. 30~ B (2) 5 I AR T J T
2022, 11. 11 (3) BRI R I 32 v ik A 5
(3)2022. 11. 11- | (4) X SCHATEE, BB IR (3) 52 W8 SCrh B R 2
2023.3. 31 G) XTI A EMREEE, & | ) =mib Bk
(4)2023. 4. 3- RSB, fE SRS, e B L
2023. 4. 14 W ig e (5) 58 B BV 8 30 fe it X
7
(52023 42471 (o) e PPT, s M 25
2023.5.19 (8) 5% ARk He M %5 3t
(6)2023. 5. 29—
2023.6. 2
1. AR BT T B A A b DL 15 P 2% P e ol e 4 . 30
IS ik AR D L R LR A D, SRR R S A b W SR
1 37 .
s 0. 22[is SHTHIFITE TIE2 . BURMITESTII 2z . Bz
SERRBIRAR | i iis v g S, W ESese s, 15 B W 2 S0
fF QIR 07 2O 00 B S 4 WT O BT BL IR L BB IS
A R R 4T 25 2R G T R SO T T A T
=
3. 2[R S AR A AT R L AR I 15 S 7.
Ehsias
14 5 BT SITE
B
BEHm:. ke 2022 £ 11 A 18 H
FF R Ehsias
AN,

H K % 2023 £ 11 A 18 H




KEPENATARKRE
ABRE Rt (830 BIERA

ANFBEFEW]: rEasZ il it QB30 , A NESR AU
B3N, BATH I LA PRSI R . BRSO 2B Sl - A 2
b, AT Ge30 M RER AU EEMAEANEIER . C2TF
REBERBEATFFREZOFERMNE SR GBSO B KwF e T
PEM S TR Al AN AR, 2 e b BLBIRA 5 shn . ARl
Bt GB3O SR EIE A IR ST A A RAE

bzt (RS0 1EE% 4
g H H

ANFEW ARt GRI0) A N$8 - 242 58 U 5T i
R, et G0 WaElNE, e RIEEH . R
]\ 3 EEER ) IS A A — BUE AT HERR

bttt (RS0 1RFHENEA:
= H H



mwm =

AR, Rl HLIPRR PR A i, RARTH 9% 00 I CAH PR A M, R I ft 2
KA 2 00 2277 W o 0] SE G 3t P A DI A 5 AR 55 7K, 2 2 BRI i F 7
ol AR 7 AR R A i . SH AL el DX RV it R T RN IT SRR A B R BT R R B
PLPESE AR /0, BRI “ AR MPR ol B ik A A a2 &, B2 dh il
MEZ & PEHRIE R R E %, NIMIRERCR BT, Bk AR SH Y [ X HRH
it B 2R 1) e by ARG 2 it

S, X SH W el DXCERIE & PEREDL . B AT SRy AR B A SRR
LA A BRI R 2R A, 3R G P I AR b 1) i e R AR S AL IS AN g
P ARG .

HR, R RERIE M 0 AT EEET DUBE AR UL R R R U2 AT 1T B 3Rtk BA
27 AT HB, ARIEIT PETEAR LR R PR, R ERRKREL ST, ARHEN
RS R AT ARG MR, DO ERA 5 oul], THE LT E
UENCSD = oS Y T v L S S TR s Wit K7 s P 1 i a1 B W K =d SR AR b
TR o

B, AERT 27 TR AR b, AR AT A2 PR R /N Dy H s R B0 SR
MIFF BB AR, R BE SR LRI S A, o IR EEAT PRk g 2 LA R
fil, 5 PRIGERAR SR TPk Y ) BRFEAT AR BR AR L, R RAT RS, PLERIUERIH
i

RBEE: POHM G, BRI BUEENE; TR, ikt



ABSTRACT

In recent years, with the rapid development of the Internet, the mainstream of mass
consumption has quietly changed to online shopping, among which fast-moving consumer
goods are the main products of mass online consumption. How to better balance the logistics
cost and service level is an urgent problem for the current FMCG (Fast-moving Consumer
Goods) e-commerce enterprises. In order to cope with the characteristics of large order
fluctuations and strong randomness of individual orders, the existing "person-to-person arrival”
selection mode mainly refers to the selection of containers by the picker. The wide variety of
goods will lead to multiple times of selection and complex selection, thus reducing the
efficiency of selection. Therefore, the current SH logistics Park FMCG warehouse's selection

mode needs to be improved.

First of all, after a brief overview of the FMCG warehouse in SH Logistics Park, warehouse
layout, characteristics of stored goods, selection process and factors affecting the efficiency of
selection, it is found that the problems of warehouse selection are low efficiency and logistics

timeliness cannot reach the ideal state.

Secondly, the n orders arriving at the warehouse are grouped according to the principle of
maximum roadway similarity. Taking 27 orders as an example, according to the order roadway
similarity coefficient in descending order, find the maximum coefficient, merge orders, and
constantly iterate to get batch results. Taking the original crossing path of the warehouse as an
example, the picking travel distance is calculated for the result of order batch. The optimal path
strategy is found by comparing the return path strategy and the midpoint rotation path strategy,

and calculating the travel distance under each strategy.

Finally, based on the batch results of 27 orders, a model was established with the minimum
picking travel distance as the objective function and constraint conditions were set. Genetic
algorithm was adopted to solve the problem and parameters were set for it. The optimal solution

of the picking path was carried out in batches.

Key Words: FMCG warehouse; Cluster analysis; Genetic algorithms; Order in batches; Order-

picking optimization
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10, 12, 16 0/2 0/2 1/2 0/2 1/3 -
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PRI 1. 20 37 5. 140 19 5 MITH, 78 2 ksl G, SadidiE 1 aiadsiE 3 ik
14, 19 BT R, HIEZRE, BTAR0E 4 A FRHR0%E i ) B B2 ek 2 4518 S 450E 14
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k| ﬁﬁﬁsgﬁuﬁPX%ﬁ SR H=0.7 X 24 X 4=67.2m

PrRIEAT B E= 8 AT B SR IEAT B B S+ TR AT B HE B
S=8+12+67.2=87.2m
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— RN R SR, TEEA 3 kdIE 5 AEE ML X N RIE 27 TR A
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(5) Frife N 53 CORIEREAN BT SR (A7 fik BT G 5 S X VL 7 i
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c=1,2,3,.,C Nz

B: BiTHo i

M: FrPRivT B rp B i b B

C: BHEBREHE

Var 5 a HH ) SR

W: PRk RN RIS =
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Hh e el A A A% 102. 4 65. 2 50 217.6
pUR LT RS 54. 1 48 66. 1 188. 2
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H#E 42 ATEH, iR G, SR PR AT & 5B s # BN T4
B o ZRRd RNV, = Ppoidk SRmE i i PRIk R B O 217.6m, A L BEARAL 5 1 S
1TERR BN 188.2m.

R R B PR35 BE B 1 48 3 A S A R AR k> T, B TSR = R AT E BE B A
BT AR AR A, R PRI IAT E 26 5 Ak LA R A8 7E 20%-35% 2 1],
AL RCR LA B . AERRATE MBS b, S b )G, 478 s 0 B A b 3k Sems A 1k
Ja HIBE B 465 13.5% 2 47, L AT DAIE A 2838846 SEVE A0 A0 5 5005 S8 T DAVE APy a6 122
HEVE L &k T %
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(3) TEFET 27 MT ARG IR b, DR A7 7 1 3 e/ oy H bR R HUd S A
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52 REE
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A Rt P IR FEAME I -
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fLfe.
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B3R 1: ITREERIERTE

® 1T RAREA T RAGR

i

P 1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 -
2 1 -
3 1 1 -
4 0/2 0/2 0/2 -
5 1/2 1/2 1/2 0/2 -
6 0/2 0/2 0/2 0/2 0/2 -
7 0/2 0/2 0/2 0/2 0/2 0/2 -
8 1/3 1/3 1/3 1/3 2/3 0/3 0/3 -
9 0/2 0/2 0/2 0/2 0/2 1 1 -
10 0/2 0/2 0/2 0/2 1/2 0/2 0/2 1/3 0/2 -
11 0/2 0/2 0/2 1 0/3 0/2 0/2 1/3 0/2 0/2 -
12 0/2 0/2 0/2 0/2 1/2 0/2 0/2 1/3 0/2 1 0/2 -
13 0/2 0/2 0/2 0/2 0/3 1 1 0/4 1 0/2 0/2 0/2 -




k1

iR 1 2 3 4 5 6 7 8 9 10 11 12 13 14
14 1/4 1/4 1/4 1/4 1/2 0/5 0/5 3/4 0/5 1/4 1/4 1/4 0/5 -
15 0/2 0/2 0/2 0/2 0/3 0/2 0/2 0/4 0/2 0/2 0/2 0/2 0/2 1/4
16 0/2 0/2 0/2 0/2 1/2 0/2 0/2 1/3 0/2 1 0/2 1 0/2 1/4
17 0/2 0/2 0/2 0/2 0/3 1 1 0/4 1 0/2 0/2 0/2 1 0/5
18 1 1 1 0/2 1/2 0/2 0/2 1/3 0/2 0/2 0/2 0/2 0/2 1/4
19 1/3 1/3 1/3 0/4 2/3 0/4 0/4 2/4 0/4 1/3 0/4 1/3 0/4 3/4
20 1 1 1 0/2 1/2 0/2 0/2 1/3 0/2 0/2 0/2 0/2 0/2 1/4
21 0/2 0/2 0/2 0/2 0/3 1 1 0/4 1 0/2 0/2 0/2 1 0/5
22 0/2 0/2 0/2 0/2 0/3 0/2 0/2 0/4 0/2 0/2 0/2 0/2 0/2 1/4
23 0/2 0/2 0/2 0/2 0/3 1 1 0/4 1 0/2 0/2 0/2 0/5 0/2
24 1/2 1/2 1/2 1/2 1/3 0/3 0/3 2/3 0/3 0/3 1/2 0/3 0/2 2/4
25 1/2 1/2 1/2 1/2 1/3 0/3 0/3 2/3 0/3 0/3 1/2 0/3 0/3 2/4
26 0/2 0/2 0/2 0/2 0/3 1 1 0/4 1 0/2 0/2 0/2 1 0/5
27 0/4 0/4 0/4 1/3 0/5 1/3 1/3 1/5 1/3 0/4 1/3 0/4 1/3 2/5

k1

! 15 16 17 18 19 20 21 22 23 24 25 26 27

1
2




k1

T

15

16

17

18

19

20

21

22

23

24

25

26

27

10

11

12

13

14

15

16

17

18

19

20

21

22

23

0/2
0/2
0/2
1/3
0/2

0/2

0/2

0/2
0/2
1/3
0/2
0/2
0/2

0/2

0/2
0/4

0/2

0/2

1/3

0/2
0/2

0/2

1/3
0/4
1/3

0/4

0/2
0/2

0/2

0/2

0/2




k1

P 15 16 17 18 19 20 21 22 23 24 25 26 27
24 0/3 0/3 0/3 1/2 1/4 1/2 0/3 0/3 0/3 -
25 0/3 0/3 0/3 1/2 1/4 1/2 0/3 0/3 0/3 1 -
26 0/2 0/2 1 0/2 0/4 0/2 1 0/2 1 0/3 0/3 -
27 1/3 0/4 1/3 0/4 1/5 0/4 1/3 1/3 1/3 1/4 1/4 1/3 -




Bk 2: PRIEmEET S8R

2 TR EE
T2 Wity BES-LA5- 555
1 2-1-2-12
2 2-1-3-5. 2-0-1-7
3 2-0-2-19
4 5-0-3-8
5 1-1-3-12, 2-1-3-3. 1-1-2-20
6 4-0-2-12
7 4-0-3-9
8 2-1-1-20. 1-0-3-13. 1-1-2-13. 5-0-3-11
9 4-0-2-19
10 1-0-1-1
11 5-1-2-12
12 1-0-1-5
13 4-1-1-1
14 5-1-2-13. 3-1-2-16. 3-1-1-17. 1-1-2-1. 2-0-2-3
15 3-0-3-14
16 1-0-3-8
17 4-0-2-2
18 2-1-1-8. 2-1-2-17
19 1-0-1-16+ 1-1-2-15. 2-0-2-14. 3-0-2-6. 3-0-2-20
20 2-1-3-20
21 4-0-1-15
22 3-0-3-18
23 4-1-2-12
24 2-0-1-3. 5-1-1-4. 2-0-3-11
25 5-0-2-4. 2-0-2-3
26 4-0-2-10
27 4-0-2-3. 5-1-3-12. 5-1-1-11. 5-0-1-5. 4-0-2-19. 3-0-2-19




PSR 3: MATLAB iR B AEIZFRIT
o TR 4R FIRS A REREMT (HEEIEAIREUS . P2 AR i e 3
)
%dhifl: HIAEGND, SERENLER — e ah Al PR B AR UE
R fEERiEridh o, BB pa b A0 1 2
Yffith: M4 S A AR BRI N G AT B R S AT o Bt IR
Ylliff: BHFRIE NI SLIG % 4E A1 IR 1 FUR 58 4 VAT SR 2 M RUR &

%A X MFEAE Y
%A AN B H

% ZAUASIE Tt 15 575K R CVRP [l 52 B R 2R
tic:

clear:;

cle:

close all:

RN a2 A e R 2

%% ] importdata i3 CfF T

rng(1)

% kA B

[OrderDistance,PointPos.OrderIndsCom.DPath,OrderSelfDistance] =
GenerateData;

[row.~] = size(OrderDistance):

Weight = ones(row,1):
%% OrderDistance = OrderDistance + OrderDistance':
row =row - 1:%fF a0k i i i ke

%% HHINE

[N.D.volume.Dist,C0,C1.Iter,Pc.Pm] = constant(row):

GA = zeros(N.D+1):%GA E4L{7 & i

Path = inf(N,2*¥D+2):%5E SRR E4. | 2*D £ KRR 12, 2*D+1.
2%D+2 G RN B R AR K

%% ]Ik



[GA.Path] =
initialization(Weight,OrderDistance,N.D,volume,Dist,C0,C1,GA Path):
049 |J_‘ IJ-\
[GA Path.Gbest] =
iteration(N.D.volume.Dist.C0.C1.Iter.Pc.Pm. Weight.OrderDistance . GA.Path):

[value,row] = min(Path(:,2*D+2)):

[~.col] = find(Path(row,1:2*D)=1):

[~.k] = size(col):

OrderPath = cell(k-1,1):

forii=1:k-1

disp([ {11 7. .num2str(ii), " .num2str(Path(row,col(ii):col (ii+1))-1)]):
OrderPath{ii} = Path(row.col(ii):col(11+1))-1:

end

% DrawPath(OrderPath.PointPos.OrderIndsCom.DPath):

disp(['£ 2 L P num2str(Path(row.2*D+2)+sum(OrderSelfDistance))]): %o/
ANZASHE TR R, B T num2str SR80, AT ERE A AN ET 5
bl

figure
plot(Gbest+sum(OrderSelfDistance)):

toc:
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