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Abstract: For the quality monitoring of the transport and delivery chain for cross-border fresh
agricultural products, this study proposed an approach based on a VSSI T? control chart incorporating
variable sampling intervals (VSI) and variable sample sizes (VSS). The aim is to improve monitoring
efficiency while reducing product loss and the cost of the transport and delivery chain. Specifically,
the VSSI T2 control chart is introduced to construct an economic-statistical model that incorporates
key cross-border characteristic parameters such as tariff cost and product loss cost. Then, the
control chart parameters are optimized using a genetic algorithm (GA) and particle swarm
optimization (PSO), and the optimal solution to the model is obtained by minimizing the expected
profit loss. Furthermore, the effectiveness of the proposed model is verified through a case study of

the China Railway Express transport and delivery chain for tea from Changsha to Hamburg. The
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performance of the VSSI T? control chart is compared with that of the conventional VSS T2 and VSI T*>
control charts. The results show that the VSSI T? control chart outperforms its conventional

counterparts in cost control and anomaly detection and exhibits strong robustness against parameter

fluctuations. The proposed scheme provides scientific decision support for the quality control of the

transport and delivery chain for cross-border fresh agricultural products.

Keywords: Cross-Border Fresh Agricultural Product; Transport and Delivery Chain; Multivariate

Control Chart; Economic-Statistical Design
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Tab.1 Parameters of VSSI T? control chart and their definitions
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Fig.1 Transport and delivery chain from Changsha to Hamburg of
China Railway Express
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Tabh.2  Transport distances from Changsha to transfer
stations of China Railway Express
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Tab.3

Transport distances from transfer stations of China Railway
Express to Alashankou
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THMERRY BB BHERE AL 100, 1E4R
HCH 200, 8 XFEBE R 0.05, EHHHN 0.9, 2
KREFP RS B T 2 nmfe 2460k, N
HAINFR 3 4 Ry B LA R . B e A IR B
EPRAL T 2 LSRR R G A ], P4 T
R R AT REPE . 22 3ORIRH 0.05, LAREFY
UL R AR R, S ad BE R I e il 23
], MIMHEFRCE . S T ORISR —3rE, Ry
BERIL P PP BERARI L5 2 100, 3EARIRECH 200, o
MO.T, e, Fe, IR 2,

2.3 VSSI T*EHI B £ s R - RIT WX [T HEL T

G AR B K AR

2% T8 B YD — B B 15 12 i S A5 e s A
B FEAERURS: , AR B BRI AR 2 4 3] 5
Baishsc i o S 1 RO g 2% B 2R AR A Bl e B T
fetk, KrkEREE 0, =1, n, =5, KEahkEE

FEMNh =1, hy=05, BEIsHigL 8 8p, =5, W
ER o MBUEZ R A R0 < 0 <k

) FH 388 4% B8 7 FIURE - B8 7 XA R 3 4 7 SR i
BRI LS R ANZR 7 iR, R PR R A 4
PN 8 R

xR7 BEEEKRBER
Tab.7 Results of GA

J L
k ® E(A) s
0.5 529162 47.364 1 551.6590
1 59.624 1 51.8824 551.660 2
1.5 61.552 4 57.3355 551.660 2
2 67.874 8 58.862 0 551.660 2
3 72.165 1 62.2418 551.660 2
*8 NFBEEKBER
Tab.8 Results of PSO
J A R
k w E(A)ysy
0.5 33.1122 32.496 4 555.268 7
1 31.9530 30.953 0 554.889 4
1.5 31.027 8 30.027 8 554.469 8
2 30.021 2 29.0212 553.965 2
3 29.092 8 28.092 8 553.075 4

{5 FH V'SS T2 455 il 1] Mo s i 3 A= o ™ B i 22
P 2T E, M d = 1.5, BER LS
P 35 35 A AR 7 it s i A AN B R H S R Y 40 2R
E(A)ys M 551.660 2, fIKTRi FHEA L1 554.469 8.
IXFRBAE VSSI TP AR, s AR I G b MR
PEF5 . (FURBERIE N A RS I IR, E(A)
HIFARAR . 7E VSSI Tl R T, s AL Sk
Ptk d, 3XREPR R GAARESAS S+ AN sE S, 1 VSSI T2
5 i) 11 118) ) 28 R AL Akl (1) Es 3 S b AR TR Bl b IR AR
Z n)f d X E(A) o IEEMREE S5, FEGRIE AL
TEVALT R TP R BB S d, IRZATAR E(A) o 4
FEAAE FHEZ N, R TR H iR S
W, FREREVERE 4, BRI, JREED
L d IR E(A) ysg0
2.4 HRESH

(1) Wi d W R/IMETTZE S B ELiR2E, B
I SCARFSE AT, 3B AR B d A f e B0 A IR )
MU . BRI, SRR REOC ALk T d 1R 1L
INAEASF 2 PR AT L HORAE SR WS M G- )
S, d PRUBPESTHTANSR 9 TR o
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xR dWBRESR

Tab.9  Sensitivity analysis of d
VSSI T i 14

d

E(A)yey AATS ANF
1.3 554.641 1 1.544 5 0.170'5
14 5545573 1.446 8 0.165 4
15 554.469 8 13512 0.148 2
1.6 554378 8 1.105 5 0.127 1
1.7 5542828 0.995 3 0.100 8

2% 9 n ARt 5 A% B d i3 K, & H B A
T E(A) o M\ 554.641 1 52 554.282 8, JHEE(T
SV YA HR R B[] AATS DN 1.545 5 B % 0.995 3, iR %
WHELANF ]\ 0.170 5 [% % 0.100 8. 2 HH VSSI T 51 7Y
ot bk 25 o bl 22 1 DRSS I 7, DA 4 266 2 450K
ARPRRELI ], PR TR %

(2) S Hrimis i d = 1.5, BB P s

i 2 A BEZ RS TN 1Y H ANE C LA R SRS T 1Y
H A1 €, iU VAT e O 28 55 M B AR Y e

BSZIE , AT TR B S, C B BUEYE AT

MmFI10FA~, C BUSPES T U 11 s .
F10 C,BIBURES T

Tab.10  Sensitivity analysis of C,

E( A)VSSI

G,

i A% i A%
11715.30 -10 517.071 2 -6.744 9
12 366.15 -5 535.5102 -3.4194
12 626.49 -3 543.096 5 -2.0512
12 886.83 -1 550.6779 -0.683 8
13 017.00 0 554.469 8 0
13 147.17 +1 558.261 7 +0.683 9
13 407.51 +3 563.743 1 +1.672 5
13 667.85 +5 573.429 4 +3.419 4
14 318.70 +10 590.163 1 +6.437 3

R C RIBBMEST
Tab.11  Sensitivity analysis of C,
C, E(A)ysy

i EAEI% i A%
45 -10 572.3377 +3.2225
47.5 -5 566.4319 +2.157 4
48.5 -3 563.3514 +1.601 8
49.5 -1 559.1233 +0.839 3

50 0 554.469 8 0
50.5 +1 551.5173 -0.5325
51.5 +3 545.876 9 -1.549 8
52.5 +5 540.216 3 -2.5707
55.0 +10 536.3457 -3.2687
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(1) ZESIRIEEBUSTE. €5 C 3T E(A)ysy
AR i AL TS EOR S ahiR R . 24 ¢ ny28 b
FAH10% I, E(A) o BN +6.437 3%; C, 1Y
AR FR G +10% B, E(A) gy BY 722 AL AL -3.268
T% o E(A)ysy WAL YIBII N 28l 11158 22 B
A BRI EREE, JCHX € A RUR P AR,

(2) ZHCGEME 2R 24 C, > 10% B,
E(A)ys I T 3.222 5%, C,[RIZEMREASAL T E(A)
VDT 6.744 9%, Cy N E(A) o MBI R EE €,
Ko MC HIM10%0F, E(A)y I8P T 3.268 7%, C,lF]
EIRBEEALN E(A) o BN T 6.437 3%, Co X E(A)y
ML C, R, XS5 R YIE T AR B iz fi
AATHEN ARG T, AR SEOG BT i s e 2
225k

(3) UFPEAARIRYE . FIREFE R, 78
SEER R TS BN ARTE R R AR R 2, (HAR A @
FEALRXS Co F1 €, HORSURRE ,  BEAE AT UG i AN S XS
RO B A T S e o AR AR RSURR A Shy 5  A
fif A 7 fitviss i A A R I AR PR I T AT SE TR
2.5 EgEXTEE

AR AR R VSS T 45 & . Sy TR nl X bk
P, B RERT A E R h = 0.5, FEAREEE Mn =1,
n,=5.

APARFIAE S ] VST 0 AR i e
n =5, WIRESISREEA A LR Wedas, Sl st ia) )
FEMNh, =1, h,=05

Ry Y ek IR A ] P A B 3 5 5 s i 2 A
B, MEFEXTEL T VSS TRl Bl . VST T a8 il 18] LA Az
VSSI T #24i EITE d = 1.5 B gLk i 2 vk A ge it
P, Fa i B RE EE X an g 12 s .

®12 I EMRE LS

Tab.12  Comparison of control chart performance

d VSS T2 45l VST T E il VSST T2 45 il |4
E(A) 604.835 1 769.027 4 554.469 8

1.5 AATS 2.5610 1.441 6 1.0025
ANF 0.1223 0.167 1 0.064 3

M B B T R O E(A) Sk B/, VSSE T2
A 554.469 8, FHELX T VSS T2 119 604.835 1 &% T
8.327 1%, % VSIT> 14 769.027 4 F&AK T 27.899 9%,
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