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Comprehensive quality detection method for tomatoes combining

machine vision and spectral techniques
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Guangdong 510006, China; 4. South China Agricultural University, Guangzhou, Guangdong 510642, China)

Abstract: [Objective] To realize rapid and accurate measurement of both internal and external quality of tomatoes, and improve the
efficiency and quality of tomato grading. [Methods] Based on machine vision and spectroscopy technology, proposed a tomato
comprehensive quality grading method which combined external and internal quality. By optimizing the YOLOv8 model in four aspects
(lightweight convolution, small object detection layer, CBAM attention mechanism, and loss function), external defect detection was
completed, and external quality grading was achieved by combining fruit shape index and tomato size. Complete tomato internal quality
grading through preprocessing methods, feature extraction methods, and improved particle swarm optimization using least squares support
vector machine. Analyzed the performance of the proposed grading detection method through experiments. [ Results] The proposed method
could achieve comprehensive quality testing of tomatoes with high accuracy and efficiency. The accuracy of external quality grading >
93.00%, the accuracy of internal quality grading ~>86.00%, the accuracy of fusion quality grading ~>96.00%, and the average grading
time <<0.25 s. [ Conclusion] Combining machine vision and spectral detection technology can achieve rapid, non-destructive, and accurate
evaluation of tomato comprehensive quality.
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Figure 2 Comprehensive quality inspection process
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Figure 6 Original spectrogram

WCARS 533 44 5 21 40 A8 5 9 25 DK O 1) 35 55 3
ZAE 7 B HEAT R B TR ST AN
17 DA [ 0 28 K0, el D G 4 oL %) 240 0 4 o 2 75 i B8 1%
T AZ St A A, 8 9 0 Ay 7 el T AR /s R BT T
14522 H I UE R 7 AL 1% 22 RMSECV , ¥ RMSECV 1 fi /)
P A8 bk A A D R S - o KT AT M R ) AT
355 , 9 8 13 0T T oat w] I M T R 0 R Y R A I8 B 29
B, A TE A A 34 07 B 22 de /N, O 0.259 °Brix o A TR EE
SEAE 07 G 77 26 1 0F 7 Ak B R SRR 0 R A D B 33 B AR
EAE M7 R 22 5/, 24 0.623 N/em?,

2.2.3 ik PSO-LSSVM #5745 o e 3#F PSO ik 1k
LS-SVM 1 5¢ B 3 Jifi P4 38 it JBT Al . LS-SVM A8 7Y
— BB T SVM (1 ke E ALY A5 A ] 7 TR .

K(xm, x)
B 7 LSSVM #:Al 2 4y
Figure 7 LSSVM model structure

15 LS-SVM K8 v 38 2 K 2 5 X 58 Y 1) 1 BE AT
HEXEEIEW ., BSRERQHEN S B S
B, TE T AL 2 Hp 1 R AR B S e R R I B0 Y L
VK% 2 B e KA 7 v A s () R R 23 A A A T (]
S, 2 RO 22 50 T By 380 T ST A AR A S AR
PSO B 1 AT & PR R0 WG S0 2 Pl A5 00 5, TR bt T i
PSO A X LS-SVM B B 280t AT AL 4k o 7 T B v 5%
PERCHE A2 ) AR A X (2) ~2(4) FR .



F&M | Vol.40, No.9

g

W(8)= W T (Wi — W) , (2)
gmax
C](;‘{): C‘lmax*(flmax*Clmm>i, (3)
Smax
_ 8
¢2(g)= Comin T (Comax = Conin) —— (4)
Emax

Ao

W i~ @ =P H 11 F/IME R KAH 5
&G I ARYREIY T (BN e K AE

€t~ Comae— I AN 42 oy 24 5 B fe KA
Cloin s Comp—" RN &2 JRy 2 2 T F- fe/MHEL

3 B ALA O TR I 45
3.1 BHIRE

ST 8 E I S8 T B 1 0 P R LA R oh Rl A 2
Hb A= 7 1 B I T b O WE T 4 JERE BT 000 S
TE & (25 °C) R R AR BIG BHE FOG % Bl 2L 4R A
1 000 20 7 i B , 4 8: 1: 120 M I 2R 45 328 56 4 ) 4t
o SRRSO 3G, TR ER L R R | G, RS AR A
— AR 3GENR A 3G, AR 29, T ARIE
B A o R A 1O UM S (E . B R RS
fdi ] Intel i713700CPU RYIHH AL, #2:4E R 4t Windowsl1,

T 3ok 7 a0 I 5 A 30 A TR S B R AT SR TR 2
Bn e 1 fros .

F1 EBESH
Table 1 Model parameter

24 e 24 Bl
AR e 50 % R B [1,10]
LARUHL 100 )R 0.001
WA [0.4,0.9] AL 300
22 AT [1,2] HER KN 32
e 50 12 0.7
HARUEL 100 A% SGD
BT ZH [100,300]

g 4 AL B Y OLOvS #5545 Al gk #F PSO-LSVM 5
AU PERE , 8 o A DGR AR HEAT s AL A0 AT Gl A R P
R R UERA A FE AU FPS X 2 i YOLOvV8 5
R 53 e AT AT VR L 38 2 389 07 B IR 25 Ry RE R
R RS- YR B[] £, %) 20 PSO-LSVM A5 R PE G 147
WAl . RGO 3 W S P e R R
B2 SRS A R) GnX (5)~2X (1) fFos

Ty
rP= , (5)
Te+ Fy
T,
R= , (6)
Ty + Fy

BEBE LEENBARMLERANEREE RRENT %

Ty + Ty

T T Tt Fot By N
F—2><P><R (8)
e P+R’
D yi— 3.
RP=1——t (9)
Dyi— 3.
i=1
>y =37
Ryse = /i:li, (10)
N n
T
==, (11)
n
A

T Py TE B KGR AR AR 5 A ) AR AR

Fo TS8R0 00 TF A A R T 4 6 00 67 A A
VYoV S BRAE RDAE T A4
P—HE %

R—— [ %

A—EH R

F—Ff8;

Ryse— ¥ MR 25
R——YGE 78
ST ARG I BRI s 5
FEARL

T — K B A s

WU FPS O % 58 7 4 B0 B N BE 4% A 28 11 11 1%
Wi
32 BWMEERBERBESH

A U6 E BT 2 SO E YOL OV A5 A i) £ e 5 5 5
ik [81AY B UE YOLOVS #4588 1 SC#ik [117/49 Bk /F YOLOvS 4
IR FT X5 FE 2y M. 2R SG-MSC J7 ik gt 47 T AL 31, HL 4
I Tei) A% 70 %o 7 i 2% THT 2 75 A7 7 B B 0 R 0 28R, S ) A
TR 35 AR U B 4K 1) 1 B S AN &) 8 BT, AN [ A L A i 2%
RANE 2R o

i 8 F1 e 2 T LI iR 56 T 4 el iF YOLOvS 155 7Y
TE 7 it e B A I P 38R P T YOL OV AR LA K2 SCHik[ 8]
FSCHRII]P AR . 5 R AL HT YOLOVS 52 T Af L , 4% Tl
6 b7 2545 AN )RR B3 1 8 o, R AR BT [ 30.00% , Uil 25
T 2R 45 5 3.00% , 7 A Bk B R 500 o i 2 42 1= 2.52%, A o
R 2.52%, W 4 A R B S 3.05%, F (H R
2.52% ,FPS #2755 28.89% . 5 SCHK[8]F1 SCHA[ 1118 T AH He
AR TR B A 15.00% 1 40.00% , Y1 25065 2 42 75 1.50% Al
4.00% , 7 A R B4 THU0 oA 6 3 38 4R R0 2.31% , 13 [l 5 4 Sl 4
5 2.42% A1 1.35%, 3K 46 1 B R 4 B 4R 2.83% A
1.66%, F\ {8 43 % 32 %5 2.36% A1 1.30%, FPS 42 %I 2 =
37.14% H118.49% ., i1 %F YOLOvS B A HE A7 4 4Ty T (1)

L

n

127



128

iz 5 {R 5 STORAGE TRANSPORTATION & PRESERVATION

O\O
%z ¢ SCHRIS)
2 & A1)
-3 I
YOLOV8+C

50 o
0 10 20 30 40 50 60 70 80 90 100
FEARIEL
Iterations

B8 REBIEEA 6 R E ALk &

Figure 8 Accuracy variation curves of different models

R2 TREBRHEERNER

Table 2 Fault detection results of different models

iR KR AR EmE A FPS
YOLOVS 0.9510 09510 0.9500 009510 4822
SCHR[8] 0.9530 09520 0.9520 09525 45.32
SCHR[LL] 0.9630 09620 0.9630 09625 5245
15y 0.9750 09750 0.9790 09750 62.15

ol (5 mAb B B /N B ARG I ZE . CBAM i 2 AL il A4
2R PR 8 BUAI R B ARSI, A RUEE R T YOLOvS A7
ARG I 8 96T T 58 T B Oy ik 1 e

Sy T HiF T £ 20 PSO-LSVM 4 780 46 W iy 0 s 4 |,
5 PSO-LSSVM £ A1 F1 3C ik [9] 7P 1 B iF WOA-LSSVM
R A7 36 b4 BT . AR FHOR F SG-MSC Jr ik, R AIE 2
HUR H WCARS J5 i, HAEAS [RIASE 0 6F 38 58 P 350 ot ot 3 0
F S PR AR o O (RIS 5 7 2 A5 £ it 26 An 181 9 BT, AN
[Fi) 455 7 PN 5 4 A T 2L a0 2 3 T o

BE 2758 | 2024 F 9 A | BR&BS5HM

1.0
PSO-LSSVM
0.8 -+ SR
) By 7k
E
o2 0.6r
:
= §
12 S 0.4
=
0.2+
0.0 , i o . . . . L
0 10 20 30 40 50 60 70 80 90 100
AL
Iterations

B9 RRBEE E A

Figure 9 Change curves of fitness values for different models
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Table 4 Evaluation results of different quality assessment methods
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