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Abstract

With the continuous development of thee-commerce industry, the number of orders has increased
significantly, coupled with the continuous improvement of people’s living standards, the require-
ments for timelines are increasing day by day, which has caused more and more problems and chal-
lenges for e-commerce warehousing. Therefore, the warehousing system of X fresh e-commerce en-
terprise is taken as the research object. According to the current situation of the existing ware-
housing system workflow of X enterprise, Flexsim is used to establish and run a simulation model.
By analyzing the simulation data, the problems existing in the warehousing process of X enter-
prise are found out, that is, the manual operation efficiency in the quality inspection of warehous-
ing process is low, and unnecessary processes in the picking process affect the picking efficiency.
Then, the optimization scheme is given, including introducing RFID technology, redistributing
personnel and optimizing the picking process. Finally, the optimized warehousing process is mod-
eled to verify the feasibility and effect of the optimization plan.
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1. 51§

AR, FRE AT R RIS . 75 2021 30 E B 22 5 80A 42.3 J51270, o EFEREK 19.6%, M
A 13.09 Jifeot, HEERK 14.1%; 2022 4E, 4 EN EFEH 13.79 100, FEEK 4% [1].
HT TR mERRE, HIiTsl S EWmaemEigi. 2016~2021 4, FRE B EATILIT HOlk 5% Sl
WK, REFE 20%0L FIETEEE; 2021 4F, A E RIS & RIF5EA 1083.0 1444, #2020 35K 29.9%
[2]e 2022 & 1~11 H, 2EHEELSE RN 1002.1 1244, FHEK 2.2% [3].

B T kS R AR KIRIG K, P IR e TAER B2 3, X 5] E L+ i
Z IR e R IR B AR AR, TOERAT KL, T I G i AR M 28
FACT: EEEREF, M OREAN YT ReiE SO R, AT H& S A AN ) AR, iR T,
FEARRR; SO T O ENEE A G, SBORER M NEANN,, P ERENSR, ok
TENVRCRAR TN . Bk, XS, iR IR M B I 0 Sl S Flik i) — AN BT o, oA
YRR LR % S T i s, 0 SRAE AR ML IR T o P A R0 () RN, A X R ) A 5 50 ik
ERIIR S, 345 7 &t I B VL s 2% P

T o S A RS A AR G i R BT I 0 e R, AR SCRA X AR R AR SO R, A
MEAEARWIH K B B T, IR Dl 4% 8 136 N 7= A G fid J T 1) A, e 3R e e IR B SRR N
WA dhAh, BT REE A 2SN, AT EINA RS X AR SRR R, DAME
BN TR SR AT 7 A R R B, A SCIE P Flexsim [4] [5] [6] [713EHAT 5 EA0HT, A =4k T B gy —
NN B RE CEE I R, HEd s AT Bl TR X A R G IR AR RS R 1),
T2 AR A T I T RORIRE,  PAAR T X A B SRR IR .
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2. kA
2.1. il FEEMR L

WA RT, TR R CEZERAL, R A6 R 2 AT IR A A ) OBt . HAT
AR OREAAEE TS 2 M, WS/ RS PEAE KRR DL RS BAKCPARSE . T A s R 19
CHEEN S, L —E SR N R VR R R & G PR B AR, At R 18 8 M55
{14 [E] B -0, i 8 3 5 B T A b 1) LK AT g

YHTR T OGRS, CHRZEHRBIFRANIIL, MR Flexsim 1 FAA ) 77 24T
MR — R WL BT T, 0 SR [A) R E f E IR AR B M HEAR R R IR RCRAR T R, R A
AS/RS HUBRERBEAT SRR, FHFIF Flexsim AL BN G Aig N PRt F2 o I B2 HERR i), HLEGHIE
TR ] AR A 7 R AT ATV . Kudelska [5HR I 7 B8 206 AN 0 T TAEEX ik RGURAERIS0, I
F Flexsim % PEAR @b AT a0 4%, DAALH AR R ZLa0H, gl A6 PG ER MR ErE6]F]
H Flexsim 4l MC AR PG AEHRAE, KMNEFMDHRIEMT . BiREiRs, N TEREA Y &
#, HAAEREAVER T/ERT, 18 Flexsim WilF 5 2A0HE M. T5[7)i8 ] Flexsim X5 % B i
YR G RERVEN IRAR AT AR, FFIE IS HERE A R I G AR RE R, 43 B G 78 i DR R A
RT3, A BRI B, SRt 7 = A Rt

B 78 H Flexsim 1/ BN, BUE@BAH R — MG 200 /- J7E,  inxIga 8GN e A7 i
WA RN E K, B/ Petri W ERZES T FRAC & HABEC - TH B4 Bl 0 07 2R AT 9T, FFiE
ECRSI K4 A ml G #2704k, A4S B 317G A& FURE A7 78 B 1) AR 2D SE v AT AL R, AT
FHEERIZIERE . A0 R Y e A Gt ) B AL3E T B 7 i, SR B IR HTiERI 2 B AR
ARG BT 1RSI, R AR B R AT SR i, AR B g DAL S R o

BIREC BB A E R, B Flexsim BLE0) =L R RIREHE, 5 H AN 51T
gARIZ . T H. Flexsim 7 EIAEE T I & MR B SIAT5E, LIRS EN BB it 8r o, &k
BIEARE TT T AR I H VI SERTAT IRCR, ) AME R AR S, HC M f o e A A [F) 2R 510

2.2. BEE{EN RBIEMN

XTI R LT, AT BRI EALRCR PPN 2 — TSR ST, ARk R B RS H A
FFHE RS SR tR 75 S 05 RORVFAN T LA f BEIRIETT SR WT AT, AT Lk Ak A S W e 77 v,
BhAVAE Bt I R rh SEIL A AR . R B PRAIE A S B A B3R T4 H AR, (2t A RN S 2 i
RINL DA, S R AR AR 0T A R, AT B (K R, 9 KB R il AE 737 |
154 % . Gomez et al. [11 NG BER G B TEPR IO, 07 U5 IRBr s B AR ST BUK
1o BRE[12]%5 IR JDSL R 1R S5 03 p Do 2 B R R v B 1) R AT VA9, JF R 8 AL
FHEM AT AR ACE . SRR ARIE NI Z S ST AT RS o XUSRIR 13T L — > R G EdE e
BFE B RDITRR, IF LSRR Z AL G R AT 2 A S PP, AT SEBL R R Ak 5 B R
fifiddb 2 [E] 3R . TKIL[14TRIA] Flexsim X 70 FRA Ok S5 AR BEAT AN, R, @A JFR L
SFSUREEAT 70 AT, HRE LA RISREE R AT A, B Ja o BSGE Ja L S SR HEAT AL 34T o

Zibprid, REHECMHIEL SRS R RAE RIS I0AE b, E e th ORI AA R &,
SER AT, I P BRI B (7 FARU VRS R LA T AT AT 1, 2 BRI AR A 0 15 SR Sk = i dfs
SCHE, IF B RS E O RIE AT U D . Bk, ASCHE R X AR AT IR, 12H]
Flexsim 27 #dl 4k X A 7@ AF AR P AR AL SR AL T7 5, [RIRER A2 B0E 75 SR ]
AT, AT fi A b P A A 1 il RRLEAT T4 o
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3.1. X AT HEEN Flexsim #2818 37

K 1A X ArleifiafEire, B8 TN TR 220 0 ks & woii AR 8 DL TAEA
AR, NFEN G ERWCER B SR (R Bl s, R HUE BT Bl AL F . BRI EI T, 1R
YEIPEJ5 BRSNS e AT LA B SR, G E LG R, X T ARG IRt IR TR b 3
FEPEIR TS WX NS BEAT 0 PR B3 2. WHRESEERAE, EWE% T a, BN Tt
IR P EORIATRIZ
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Figure 1. Warehouse operation process flow of X enterprise
E 1. X AR et#EfERiE

R X 2~ 7] B fil R G LRI (R 15 DL B AT R DAL 3224, 7E Flexsim AL AR R B 1A (14] 2),
Flexsim Il S 5 SEBRYIT R S8 h AN GO0 IS L INEE 1o 7E Flexsim ™, B EIRIL G RGE, &
M MARTVE M, XS AP X, B)E, APEBRAA R HIE AL LS, AT
RAREALSS o X T B A G, SCRER BEAC T, AR 5 W BE AR N R A7 XA A 28, I, A
JE X 2 K A A% R T i B ZRAF TG T N B 2 AR 2 1T B BEAT T 20 o, R I AR R4S AR
HATRALH, K fIE AR AEX,  EARZE B3 T O AL BRSO MG R4, U SE I 28 1 7 o DU 3
AR A X, S RIs LI .

TaRBRRX

‘ﬁ%

Figure 2. Simulation model layout of Flexsim

2. Flexsim (A E#EE G FH

Table 1. Physical design of warehouse operating system

= 1. CHERERGRERIT

Flexsim % SEBRYIT AR B G B
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WRAEXS X ] S i SetAoE i, BOE LN 28 R B E N L Rl (] (R 2k, IR E
BEH BB RBON =R AT, R R R B E K, W EERAON . BEBEANERS
IR BT EARM U (400, 500)1¥1251 7045, XACGRA: B SN BIEECEAE 400~500 £ 2 18], [ A7 X
HEREN 100 BA; XEFRREN 10 M4, BB HEN AN 0, FoRTY— ik b 1 855 7l TF4A
BEATHRAE s TR, RS PRad AR T, B0 2k Ak T PR A T ) T e 28 Ak L P T ) 0 93 531 B2 5E 9 40
RIS B

3.2. BRBBITEHRIH

MRAE AR R ST 21 B 24 ERCIA A PR 1 ARS8 A5 B AR RS AT I )Y 8.62 /NI, %45
K5 LB ARG L, W RS LRSI BUEE S KRR A S R — Bk, FEEHRN
BANIEAT, FENERHIFRE IR E R MHER . B, SHERISE X SFRH5ANEG 77X R
Wi it 18] DAVE Al & R N ERCR L BLAGE 7 R N AN AR 2 N RIS, T DAAS I 20 B3
Bk,

H5E, BN ERURR S AF X R G AT AR (R 23T 0T, 45 RSN SR S A U A7 X ) S A
IS 1E Y 4.18 B0, S A (B2 1627.75 0, VIS [E Y 1555.50 &b BEMIESEAF NP A7 X 1
BN (A0 5.49 &, BRACIFHEIS Ay 14.67 2, SRR ISR 8]y 10.29 &b, dttar i, Bt
FAF X S I i (I v TN R AR X, Ros B B A7 X R I O\ LB AT ) A8 RORA, IR
A IEIE. DI, A SRR O KTy S RIE L, IR TR M N I RCR

XN AT AR R, R H R ORIER MR R A B R R S RIS f e b LR &
KPR FETRRT AR G AOME B 2R, WX X AR SR sShide, Hakn s E2ZA BT R O
an BRI, BIAEER 2 5 SR R R dh A4 MRS AR — 5 @ PTEK: K B b
B RA MR IR T SRR @ E R X s 3T AR, e A E R RS E R AR ER
@ wEAR. HRERRSIMNEREAERME. A L. 2RI R 2 2 0E S, IRYEI
TAEREOL, ANPGRS 53 AR B 58 i — PR A B 7 I TR A 2 40 AD s TR RIS R B4
600 1, 2ILTJE HIEH A It B B 71X, XEAMAEIZE 10 A5, KAFHE 50 £,
LTS TR B N R EV BT AN UG A7 X BT i BT R R 5 D, ] LSRR IR [ B
N PER T N TACBE I B s, S BUR AR B A7 X 35 28

Table 2. Operating data of the temporary storage area before optimization

2. MUATE EXBITHE

Object BIANE & o JEAS i e (1] e K A5 i e (1] ol Nl
SRR AT X 1216 1216 4.18 1627.75 1555.50
S N R AT IX 1216 1216 5.50 14.67 10.29

B, A HRRRRIEAT R AT 0T, BTN AR R Y e AR AT,
DR 5 HH A DRI RE AR N SR 128 TR 2R 5 R 3R Wi i FR AR (32 3) R 3 AT, AN 1. 2 11
25 R RN N 22.56%H01 23.64% W TAE NG 1. 2 (2SRRI 5N 75.56%81 79.38%, EoRi%r#HlE
R RN R E ARG R N R TAR R R HIEbRZE 00 TAER /N, 52 2 51 THCE A A H IR,
AR CAETE AR N IE R IS 22 25 m .

BT X AR 2 MR T e 05 TE, HEZREE AN To%, AIMHERIERD, N
M-S EA R TAERL R A, GEERREIE S ITHREARITEITRER, SBOHARTEN
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KREHERR G I 2 T 8 EZR AR A, HFH 2 PR E BRI ST R A AR, T
HAET R BRI+ i o PRACR . Rk X A REIE S R Z AR A B, B SR R —
&2 [ DAL AN R B AR BEAT /N R RIRR (20 9 5 s 10 Jry 20 JTEERiR),  FHRAE RS2
WS, AN RN AT B3 AT 1R 0 PR B R IA B A M 2R T A7 XS AR U AR 25

Table 3. Operating data of the warehousing staff before optimization

3. MBI e IEARSITERYE

TAEAR I kS
RN 22.56% 77.44%
SHHEN G 2 23.64% 76.36%
AR B 1 75.56% 24.44%
AR N It 2 79.38% 20.62%

BRI PRAEIRTT BN PEAN TARRCR, (EARAAAE S8, %0 7 T B RS T 5 LERCK,
RSEX AFMER ST, EREERNEY D HERCR, EEBVMITIR 2 HREA 2 LG 2 &
FUT RS, IR SR BRI B A e B AL B SR AT IR B, IR it TN R B,
0 IR AT I ST AT A (] 3). BN, BRI 5 S A SR AR AN A2 DL B T L
B, MaPRE 10 7 fr e AsecE L 2, XN & ZRRSE AT BT R 10 7 AR, BT
PPOBALEE, FFRRE 2 A 5 T A, BT A REBE, XS RECN L ERE IR,
TR BRI AR [RS8 2 KORFE SR NI 70, P B IR ) ARG o 10 58 R B SR B I hR %
TAEG, WEHRIERIR, SEM—MFEMRE AR 5 B, Rate SR HEE ] A8 TEEE L,
S HEMMEZE R AR VR — B, &R X 2 m ik AR G2 H A G B

B e I

: 5 B ERE v I

e ‘ - TRAEE R — : MR AR

k. H s H A H THRE | s grmaing é*{ . H I H T H 2 ks
57 10J7+ 20)7%%

5!

¥y

Figure 3. Pre-sorting and sorting process

B 3. MO HRRIIERRIE

4. BT Flexsim B X AR5 CEEWRIZAAL
4.1. FEMW T ERER

W BRI A R BN e, H AN e 77 SR ~ . B e, SR RFID AR EARKE
PRI PERAE P IARE . AN LA, FERRS KRR RARGEAT . ERETRES 5B 40K,
PR EAE S RAPRR IR A R SRR RIS SUARROME R, a8 RSO0 E BT
WAL, HAH T N THET 2R E, ZEOREEZER, UL, 2 aea s m R
AERRIAEHI[15]. Y5 X AR @AELPRisfEE oL, EUGEBUTAESF )y 13.56 MHz =1 RFID #1740
WRZIATTBEAT 035 . AHELTICH RFID 6045, &40 RFID SEORSRAIBRIE, W LLBEAT ZAR%EHHN, 70
AEFIE 8k LA b, JF HRBRAIBE R EIE N | KA, 6 skhr i SE s B ST 2 RFID B85
B TIAHLE T RFID e, SIS AE A AR, BAT SRM 5Bk @ i ae /s, Hxd
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RFID P54 T 75, RFID Bilis & RV AT ERIE B shie s A I o s ST T A A E R, IR E RSN
i, RASZEIEIGMRER, XA R PR A S A% d AT A B . PRI, AR ARIR— L 5% T
FEAEHE RBUEA SRR TX,  TRERI AT R 52 N A T8 AS,  [I 34 BE A R0 S X N T #¢
YT B 224 H L. £E Flexsim 71, SFBEOR AN ISt AR B 8820 AT 2R0E, 76 FHr A B A % (1 5
S a],  FFEARFRELE R i 1 DA N 8] 252 7 #0

Hk, 5 X AF i RN R BEAE B R, AT R B AT B BT R
DU AR DL PR 2 W B AR T IEARZE N 01, BB PR N 2 3 44, FIfds 1 AR N . 5
HNIERT A P SRR REAT G ,  th T I SRR AR AR AR, AT LR B Tl PR B 2R P 4
BN S T, HEE| 10 Jry 20 JTRARRAT R, RS EEE I RIS T 5 TRt AT &0, ERREEAT
s, MRESEIOLIER. B, 2R IEE RN, /E Flexsim SR - #5381 1L B 30
Wit f)a, AR T RS PR 4, XN Flexsimz {7 AR RAT R i 4] 5.
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Figure 4. Pre-sorting and sorting process after optimization

4. RALRBITS R R S HhRiE

FatiBiEX

Figure S. Simulation model layout of Flexsim after optimization

& 5. HALEHI Flexsim (AEREEF

4.2. MUEERETHES
ML e AR (& 5) PR SARAC AT AT (IS )RR BIsAT I ], A3 B R U A7 X . SR NS
fE X R TAE N s T8, k4 5% 5.

Table 4. Operating data of the temporary storage area after optimization

#4. MUBEEXESITHE

Object WNE LR TR B A= 3 ) B K A== A ) ST e e )
S AT X 1418 1418 3.18 257.75 101.36
EMANEETX 1418 1418 2.43 7.04 2.45
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Table 5. Operating data of the warehousing staff after optimization

F= 5. MLEERIEARSITERE

TAEAR N FH %
SR 27.59% 72.41%
SR 2 28.94% 71.06%
SHHENGL 3 33.56% 66.44%

AR B 1 36.75% 63.25%

M 4 BT, ARAL S5 DR DAE S A iR B A7 X R B AT IR 18] 9 3.18 B, S AT IR (] y 257.75 0,
PR 101.36 #0; T BRATE S AF N PR B A7 X IR B R A AT B) 2 2.43 b, e KAF RS ) 7.04
. SPREEERTEA 2.45 #0, NFERIRYIACEIL 1418 #F, SHEMRYEEMIFE . W& 5 Tk, e
JEEM—BI AR NG 3, AL N B ZS IR R 20008 27.59% 28.94%- 33.56%,  FITk R FH 26 43731
N T2.41%- 71.06%- 66.44%, TWEFRZEN 51 1 B2 N 265 F] FH 2650 5108 36.75%F0 63.25% .

4.3. R RBBITRIRLL B S
PCEARAL TS RORS BOAS B A7 X Y B Vst i 18] N BAORITSR . B NS, WA BU R 45

43.1. N\EYERES

B¢ 6 IAS, N DL e AR B A7 X 1) fo R o B B TRDAH LU ARG AT, TEARAL S 48 95 23.92%; [FIET,
B KA IS (A L TR T, ZEARAL G a4 84.17%. O SRty AN A & AL BT 1216 138
INE) 1418 1, EPLER—F BRI A P, SRS HONE B SR ECE I N 16.61%. EC N ELES R,
TR A SRS B A7 DX A5 i R0 2R TR AR T AL T 45 58 93.48% . FHIL AT DL, fR Ak 5 AR 7R 52 300 HH B o 1)
NJERE, HIgATil [ SARAHTAH R, (RIS SR N P B 15 B SR8 1 0, LN {52 i ) T A DKl i 4
B, PG| RFID BiAN N RCR FETHE — Tl 4T (R Ak 7

Table 6. Comparison of operating data of the temporary storage area before and after optimization

6. MUAIRE FXEITHIEILR

Object LN ik ehss Fi L A5 i B [ B K A5 i B [ S TR
PRALHT S5 PR A7 X 1216 1216 4.18 1627.75 1555.50
MRA S5 S5 455 B R A7 X 1418 1418 3.18 257.75 101.36
TE G +16.61% +16.61% —-23.92% —84.17% —93.48%

43.2. BISEBHNAREE, BB LCFALERNSR)

H7e 7 nI 1, RALET AL 6 2 TR B X 2 N 50N 23.10%, ST RSP R %N 76.90%; TEAL
i, BEI—R NG, =G E RN R 23 N 204 30.03%, 16 B350 FH 26 R
N 69.97%. FiHh, RACHTIAL GG MARE N LR3I 280N 77.47%, S RLFEIRI A 208 22.53%:
RG> —RIAREE NG, Rl — AL IR RSN D1 P2 28 TR 28 R 2 36.75%, 1% 2 A
BRI RN BT 63.25%. SR ER, TEHATRAZ AT, 08N R BIECE A ECD, HIET R P TAE
R FR, WA AR TAERER—, MARSRENGHHEANREMTE, XSSFBHHAR
MTAEREZ, MR N RS NRE R, BAxE A G TSR . RE, X A KA
RN ASBIE T, RN 4R N R CAEE S AR E G, PUA TEAN RRH R T84, 5
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Table 7. Comparison of operating data of the warehousing staff before and after optimization

F= 7. MURIREHEITEARBITHRIELLE

TAENR e T2 R 2R T FH 2 SEF R
SN 22.56% 77.44% 76.90%
23.10%
- RN 2 23.64% 76.36%
il
MEARZE N B 1 75.56% 24.44% 22.53%
77.47%
MEFREE N L 2 79.38% 20.62%
SN 27.59% 72.41% 69.97%
AL RN 2 28.94% 30.03% 71.06%
K RN 3 33.56% 66.44%
MEARZEN R 1 36.75% 36.75% 63.25% 63.25%
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