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Research on tomato comprehensive quality detection method
based on improved U-Net and IWOA-LSSVM
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Abstract: [Objective] To improve the detection accuracy and efficiency of non-destructive testing methods for tomatoes in food
production. [Methods] Based on an automatic tomato sorting system, a comprehensive quality detection method for tomatoes was
proposed, integrating machine vision, a multi-scale residual attention U-Net model, an improved whale optimization algorithm (IWOA), and
a least squares support vector machine (LSSVM). Tomato image information was collected using machine vision. Tomato images were
segmented using the multi-scale residual attention U-Net model to measure fruit diameter parameters. The parameters of the LSSVM model
were optimized using an IWOA with chaotic mapping and an adaptive convergence factor to detect tomato firmness and lycopene content.
Verification experiments were conducted. [ Results] The proposed method achieved accurate, rapid, and non-destructive detection of
comprehensive tomato quality. For fruit diameter, firmness, and lycopene content detection, the results showed a coefficient of determination
(R*)>>0.960 0, root mean square error (RMSE)<Z0.012 5, and average detection time <<0.032 s. [ Conclusion] Combining machine vision,
deep learning, and intelligent algorithms can achieve accurate, rapid, and non-destructive detection of comprehensive tomato quality.
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Figure 1 Tomato automated sorting system
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Figure 2 Actual testing process

21 ZREKETE N U-NetiEE
1 T8 52 AL s L 0 IR i 18U, 5l R T X (8 0 D
5 v (B U LA R BRIGEAS  BE S AT R ) RO AR

BRI U-Net i 22 JIR B2 2 2 PG 43 U440 B A
UIZRREAA BRI 13 45 BG40 B PR RE S 0 H% 0 IR A5

e MR AT 55 P A TR — 8 B R R — D T, B S R

o 22 5 W B U-Net i L4 42 2 ROBERRAEN . 55

5 T, H O 2% B S A IR S O T K A L

FE At 3 B0 R R, YN 2R I RIS, Ml LA R S I AG T R

KU PR, 51N 2 RUBE R 22 A B L 6 U-Net 52 7
it

U-Net W48 254 4N 3 ffm , R F 26 0 U BRI 484 i 4

1 64 64

A

=) HRL3*3), itbriEfl, ReLU  —» & il

R EZ B F i U-Net MIWOA-LSSVMHIEMEZEA M

LFRE B &R

Bk 75 & R 5

i A 25 Nk R 3 4 A L
211 ZRPERZERB bR+ R R T2
FE T%%ﬂ*ﬁﬁ%ﬂlﬂ%l/\ﬂﬁzﬁﬁ?%ﬁﬁﬁﬁﬂﬁ Inception
R . ZEEWRE T 2R R B S B SR R
HRFE’J%*‘M‘? FEAE 45 3 IR [R] 19 5% 32 07, BE A% e 5 4
B 0 2 ROBEERRIE . 33X — 096 58 1 N 2% 09 58 52 L 44
ST 4% X N [ RUBE H AR 00 35 I RE ), A TR W) DL A
B LA AR AN 5] /N HAR IR AEAS B o e Ah, S bl ) 2%
Wi B4 i 0 5k 22 W 4% (ResNet) A9 Bk 9% 322 05 o, TR
159 2% 7 I 25 I 18 T8 4 b O B8 R0 A% s RGBT A 4
BRI A O 20 R PRGN Y, AR e A R 1 1 g
IR . 5% 22 W 4% th— 3R 5 HE & 1 5% 25 Doty 7, 5
A gk 22 P (D PR .

yvi=F(x,w,)+ h(z;)

21=0(y,)

=

T 2T B 25 LA A

oy, U0 K

F (o —5k22 %

h( oz, ——W 5 ok 4k

2 RUBE 5% 2 WAV S5 1 40 181 4 0T 7R o
2,12 MR IJIHLHIALE S TORS o b A B R LR SO
B ZRIERE,SIAEFIEHEZ S (PSAF S, %
AL AT 1 I i R AR A A 2] B R IR S X ) A
LI IC O E B, BEMI AR IO = R Em A R .
PSA BEHR & T — 5% A V8 B 20, QT P bl A
TE T s [A) 4k B Y 28 TR T BLD L B A R 3R A )
REMZREER, EERESE . A, 5] AL REFE
BEPLH (EMA) B, 78 4 i &5 45 J2 RRAE P 4% 34 3] A 75
A 2, R T ML R AS [ 2 G0 R AR R AT A

(D)

128 64 1

fiirth

| g

B3 U-NetBtA 254

Figure 3 U-Net model structure
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Figure 4 Multi-scale residual model structure
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Figure 5 Multi-scale residual attention U-Net model structure
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Table 3 Fruit diameter detection indicators for different

segmentation models
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Figure 11 Comparison between different detection models

and actual values (firmness)
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