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Online detection of tomato internal and external quality

based on IoT and machine learning
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Abstract: [ Objective] To address the low efficiency and strong subjectivity of traditional manual tomato grading, this study developed an
online tomato internal and external quality detection and grading system based on the Internet of Things (IoT) and machine learning
technologies, enabling real-time, non-destructive detection of both internal and external quality attributes. [ Methods] By integrating
machine vision and near-infrared spectroscopy, and leveraging IoT and machine learning algorithms, a comprehensive system for online,
non-destructive tomato detection and grading was designed and implemented. Real-time acquisition of external images and internal spectral
information of tomatoes was performed. External defects, shape index, and diameter were detected using deep learning models, while
soluble solids content and firmness were predicted using near-infrared spectroscopy. Ultimately, this enabled online detection and grading of
tomato quality. [ Results] The system demonstrated excellent performance: the accuracy of external quality detection reached 94.9%,
internal quality prediction accuracy was 87.3%, and the integrated grading accuracy improved to 88.5%. The system achieved a processing
efficiency of 19 tomatoes per minute. [Conclusion] By synergistically optimizing machine vision and near-infrared spectroscopy, the
system overcomes the limitations of traditional single-attribute detection approaches, significantly improving the accuracy and efficiency of
internal and external quality grading of tomatoes.
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Table 1 Tomato internal and external quality grading
standard table
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Figure 1 Theoretical framework
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Figure 2 Overall design of the online detection system

3.2 iR iE

F ot B i 2% BLAL HE R XIS e h G R B
P IR AP Dot = SN B - TN o DA NS Fﬁ)‘
K8 A5 B R AR DAL R AR i 19 85 B [ R AR i & 1
AL A7 AL AR 3 391 5% D11 2 1) A 00 A 50 X6 D' 1% 4 L A IR
1G5 AT 20 A b 3 A L A 000 A4 PN Ah BT 2, T AR
STRARUEBEATER B . BT B H R G o A R
2 1 43 VEATL A 52 1 A il 1) 53 e Bl A
33 #EHRFEIT

T 0 TE LA M 43 S F2 G 1) A 0 8 1) BT R FH T G R
W (PLC) , I B R T

(1) iz g M A : PLC 38 2 9K 2 4/ i 2 0 0 1% 75 it
A % 5 R v R R R Y 380 R IRTHE R B0 SR 4 4R 1L
AR

(2) BAHE R B M P« A2 A% 34 7 &) 1802 2l 1Y W] 1, PLC
[ 25 fih & SR A 15 e (0 45 D' 315 SR 4R 150 45 IR RR A i

B 2858 | 20254 7 A | BRRSHM

), LI AR B2 Bl bl 2 i ' T B A0 RS B O F
Bl = LA HLIEAT AR 2

(3) 3 G HEAE G« b L AL T4 A o' 3% A 1 1 8
F, 368 3k R X 7 i ) P9 S o AT R A AR
WO GG A IR I H PR A i 2 PLC.

(4) e AT ALY . PLC W 2 946 2 )5 , Tk gl 4k
e O HL A2 SRR R EL Sl A T A PR B R o O3 32k B
A5 B 6 a0 3 28 R N ) 45 2 X3

iz By ] B R AR o G SR N o) e AT A PR

FRUMA], AR GE S B T i Bl Ak o e 4 i R RS VA R
BERITT R MRS, RESHWIES3
F7R o

e e, EREGO
%7 I iyere|
L1, |
3t HRER, s [P0
"""""""""""""" %ﬁﬁﬁ@
et e Dt e
- - [ anterrn | [ i ||
[okibin | ko | |
AL 5L
B3 EHEENAEHARENHTER

Figure 3 Schematic diagram of the structure of the online

grading control system for tomatoes
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Table 2 Performance comparison of different YOLO models

. mAP@ HedEE 28/ F-score
AL . _
0.5/% JE /EPS M (NEE)
YOLOV7 92.6 19.2 37.4 0.781
Mk YOLOV? 94.9 18.7 31.6 0.876
YOLOVS 94.1 20.5 28.9 0.852

4.1.3  RIBAEECE RGN 745 0 ) 7 30 T0 Ak B B
J5 B G SR AR T (R 0E T Y B S O R SR IR
B S R AR S BT SRR B AR SO R R A G S AL
N TR RAR IR R RO e o SR RF, R G4 T /ML
G AT RUSE i a2, AT 52 B0 A P45 K58 1) 552 B )
BHRUST 10 0 48, Sy T 14 45 90 Sl 43 4 R Y B Al
A

42 ETIELSMEEE M AR & BT iE

421 HIERES BB OuikE B RENK R

PR CE - ETUBRNMNRZZEINERNMRREZED

QEpro Jt 1 A 43 X't £F 5 42 il 2% 18 T B4 0L 3% 15 8
R B B e 3 RO B S HE AT AR o IE 2SR AR . (SNV) T3
Ak RO LT B M R RN 2 B S i 1Y AR O
LUES RPN

FEIES
=5

Absorbance/%

2O N A O
i 7]

1 1 1 1 1 |
00 500 600 700 800 900 1000

i3
Wavelength/nm

Hs Riti#EH

Figure 5 Original spectrum chart
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Figure 6 Extraction results of tomato soluble solid characteristics
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Figure 7 Results of the extraction of the firmness characteristics of tomatoes
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Figure 8 PLSR variable optimization line chart
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Figure 9  Soluble solid prediction model
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Figure 10 Hardness prediction model
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