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Abstract

In response to the collaborative demand for tomato quality control and supply chain response effi-
ciency in e-commerce scenarios, this paper proposes an improved YOLOv8 tomato plant disease and
pest synchronous detection method for e-commerce. Realize multi-dimensional perception of plant
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growth status through deep learning models. In terms of technological improvements, the original
Conv module was replaced with the AKConv module, and SimAM attention mechanism was added.
The MPDIoU loss function was introduced to avoid introducing complex penalty terms and reduce
computational complexity, resulting in a 16.35% reduction in model computation while maintain-
ing 82.4% detection accuracy. The experiment showed that the comprehensive detection accuracy
of the model reached 82.4% on a self-built tomato dataset containing 6 common diseases and 3 lev-
els of maturity.
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SimAM (Simple Attention Module);& —F1 3% T f¢ & B BE K LS HBOE R HLH], 2L HE i @Ay
IEEI SN BRI Re R0 A0, S IERIRE, BRI IS s e R R so&a. HAEH
Pkl BB 528 Bl X BE S5 b R L B B I e Re 42 1, # AKConv fifi &3] YOLOVS 1, 7] L7 55
RAFEN & BT, SEma A 2H 5 et 73 28 5 00 i SR VERE .

AL FEEZEMNCLF LT HEAE: (1) 4087 YOLOv8 Fl15| AN AKConv #EHEACkRHEGFZ 1)
YOLOVS PR (R ki, PRI DRSS gE A7 2Rk & . (2) 51N SimAM JE = JIHLH], $ &
FEAUE R AR N R AIER R (4], (3) FEH TR T & LT SEI0E, XA AT A

AHITEE )T RB 8 25 s b 3 i b B ORI B AR, ASBHE 70K AK Conv #5835 X YOLOVS
B, JE L TE S A BOR SR R g5 Ak, IRER i S AL 2 R BERHE SR O 7R . 5258
R, ZR SRR RIF R BEALRHER RN, BTk Z AT S5 R RS FE 52 T 22 82.4% A b, L pe 4 S B
Y CBUEARI - M EVEAE - RIESCRE” =R R IR A R, A RCHER T R R R PR
U5 B EMFEAZ OS5 M HE AR T [5]
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2. YOLOvVS 815 AKConv $#ERE 1Yy
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THERCIAZ st X4 E BARRIAT S5 RS DU A R IR L, A EIE S YOLOvSn 42
ENIEMINE NI, QR B IE R B AL (Adaptive Kernel Convolution, AKConv), Bl zhZs
RIS HOE AN 2 R H bR FRHIE R 42 Ae
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Figure 1. Backbone structural diagram
1. Backbone £Z5#4[&

AT UL i U 5 A R R IIAE S, X YOLOv8n W48 4ty iidT 7 =B v ckidt: (1)
Backbone IARHEIEIILAL: KSR 4h Conv JZ AR E oy B IE N A% B BRI (Adaptive Kernel Convolution,
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AKConv), HEFNERBEGPZILIREG R, B At 2 R B @itk ik 74 7/ H
P (L 5 B B ) 5 0 €00 AR R AAE (A s BE 43 G I B2 8 ) « 7£ Backbone R¥iHk A\ SimAM o273 & J1#L
fill(Simple Parameter-Free Attention Module) [8], 3 i 4% ] B 5 bR £ SCHURFIE IR I8 ¥ H & M IG5, A B
i B GO S RS A OB X, A B R A R T, (2) Head #/0-FFAERE & 1G58 : Head B2
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3.2. Bk ER#

MPDIoU (Minimum Point Distance Intersection over Union) & —F4EFxt H ARSI HE 5] F4E 55 8 1 18T
BPReR A, BRI R/ IMETRINAE 5 FCSCHETI AR PR B, SRS HEHb AL A SR I A7 B 5 RSF[9]. AH
B TAR G ToU M HAR AN GIoU. DIoU. CloU), MPDIoU #Ef#F i E stk [Fiy, #k—B48 7 7 &
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SR SETLE SR, ToU=0K, T g 8mstiEJrm. GloU. DIoU %550 7% B4 fif 1 16 REVH &
i, AEO 2 A T S A B UK EAN 2, FEC /N BAREUE R B AR AR 32 R . (2) MPDIoU 1R
7 ) B /M TR HE 15 . SEAE D A T 2 TR R PGB 5, S AR R o) 3 FHE J LA T AR I 20 o o 3
oI NIRRT, PR SRR .

MDPIoU #5 2% 5& ST 5.

MPDIoU (54 5
AnB  d} d;
AUB Wk Wik
Hor 4 F1 B AMERMER, (a1, va)s (a2, va2) Ko A W EAFUA T M S AARR, (xp1, ve1), (X2, VB2)
FoR B (e AT A RARER

MPDIoU =

)

2 2
&} =(x =x' ) + (7 -n") 6)
2 2
3 =(x) —x') + (7 -»7) 3)
T MPDIoU 45 2% B H 5 A 2
Lypoiy = 1—MPDIoU (4)

4. KBS S
4.1. BIRESSTIRIFE

AT 1610 5K A UE 5 A AL, AT SRS ERE, I e . TR R AL
PEEEI N F] 8050 7K.

AR T, Brs 0 ERE 2488 Windows10, GPU %] RTX 4070tisuper, &AFA 16G, ]

PyTorch2.3.1, i#%H] Python 3.10.16, &M Cudall.8, FIAEUZIR TN 640 x 640, IRk E N 300,
Batch Size N 48.
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Table 1. Results of ablation experiment
1. HRSLIREER

Model AKConv MPDIoU SimAM mAp
P 1 x X x 77.8%
PR 2 J x x 79.7%
1A 3 \ V x 81.1%
i 4 \ V V 82.4%
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Figure 2. Tomato maturity test results
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Figure 3. Tomato pest and disease detection results
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BRER) 1) = BOR R, RS S AR P R g BERIEE B A R R P IR R A T T SRR S
Fro UR NZ O RR B4 (1) BAIZER B3 : AKConv ZhASRHEIREL . SimAM ¥E & /13 3% . MPDIoU
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BN R II B AR IA B St . M2 STHESE, BRG 27 A B DI 2R 2 /AR Y, fil e —
FEX AR ZE 0 AR, R ORI EE R FA G . BN R A, T AIASECE, ARYEAT S BN A 3
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