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Fresh grape quality inspection based on dual-channel improved

convolutional neural network
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Abstract: [ Objective] To achieve accurate and non-destructive testing of key quality indicators of fresh grapes, we proposed a dual-
channel improved convolutional neural network (CNN) method for fresh grape quality inspection. [ Methods] A fiber-optic spectrometer
and a CCD camera were used to collect visible near-infrared spectra and characterize the image information of grape samples. The dual
channel improved CNN model was established and the Gramian angular field (GAF) was used to convert one-dimensional spectral data into
two-dimensional images for the extraction of effective features from spectra data. The convolutional layers with different sizes of
convolution kernels were designed to extract features from the converted spectral two-dimensional images and grape characterization
images, thus enhancing the comprehensive perception ability of the CNN model. On this basis, the dropout method was used for the fully
connected layer to reduce and fuse the extracted features, ultimately achieving accurate prediction of key indicators of grape quality.
[Results] Compared with other three grape quality inspecting methods, the CNN method showed the root mean square error decreases of
50.48%, 57.44%, and 49.56% and the correlation coefficient increases of 4.89%, 3.13%, and 2.17%, respectively. [ Conclusion] The dual-
channel improved CNN method can achieve non-destructive testing of key indicators of grape quality

Keywords: grape; spectrum; convolutional neural network; quality inspection

EE&THE WA FHE T B (455 :242102321178 )
BEEE: ESF(1980—) , Zo, I g AR 5 PRI O 27 B B B T A2 U, 50+ . E-mail: xniwr23@126.com
s HHA:2024-06-22 BC[E HEA:2024-11-20

89



90

iz 5 {R 5 STORAGE TRANSPORTATION & PRESERVATION

R S AR Il B ARl 2 T Y T 2H
43, % A A T A TR AT R DN A A TR R A
ZR RN T AR SN T R BRARAS Iy T AN AFERTFE T
SZINCER 0 3% N = o N B 1R VDO o (A i B = = /2 NN
B W0 58 FH 30 1 AN BT B2 5 R TR, T A I 2 R 3z 3 T
PrE RN Rk, T R A A A P v OGRS R
o BAa mE R,

i 4 4 ot SO P A TS () 2 5 i 1 A 3 00k
ST, SH— P 43 g A1 ot SR PR T A PR g
FEXT TG SR B S O E TR S HE .
T BT R RIS BT RS BT B W B AR R .
T T — Tl B T 300 LT M R AR ) 2048 2 Bl A T 1
iz 1 Sobel 5 F-H B 47578 43 10 2% , R ) 345 ml LS 4L
ARG 2028 o 2RSS (AT B A A 1
TLGRAG I o JE 1) 55 P A 5 B A X A 2 o TR A5 gk AT LAk
PSR SVM AT RL 2 B 1 3 % A0 B (€ SRR, SE I T
X 1 7 R AU S5 . WA ER A I ARG £
TE3R B B A5 140 B 2%, HAR IR A9 RRAE 2 ] TUA B2 4R
T B T IR 2T SN IRG 13 o 0] AR i S0 Al % 2 0 4%
O FH T 76 6 B R BRI 43 9 ; Falaschetti 45 F 45
A U 5 00 2% Z ke S I K0 88 4 0 T 174 S e A0 5 ) S
Z5ENOIE FH A B 20 ) 245 %R 4 B0 0 AR T A S A TR B
2] ST A A RS A ORI . R BIETORE TR A 2
P T A B 2 5 SRS I v, ) PR B 2 20 AR R 1 R AE
FRULAE ) RSBy BT RR ) MR K GE TR Gl ds e AR R
FRASTAE A QAL 3R AR A DR 35 A e S5 R , (G R
2 £ S TR B A 2] BT 8 PR R TS LA 35 e A 5L
0t 5 R AR FRIE | 225 M) 7 380 4 ol O e 2 A U 45 28

G Y EB S BT 5 AP B R AEAFAE — 2 BRI L
LA G £ A 4 T F0I 4 B R IE A PN 2, A ST U
P kA B 25 ) 45 AR LS i s ] GAF 2840 A B
dropout J7 14 , LA S 9G] 4 45 # A8 0] UL — 3 21 40l 1% A4
HB G R A 19 A A BRI AL R A f 2 58 IR B 2 7
2 ity A b 0 VERR B0 A3 AT B E Sy S A A
PR

1 MRS 5k

1.1 BARE
VL R 60 A 2 el A R 1) 150G 2 R R 9 X 4, B AL
TBC 10 A7 75 285 A8 Rk A A 78 4 FE AR SRR A5, L2023 45 6 [ 25

H #4056 (03 22 2023 4F 7 A 30 H iy, 45 2 d kT —k
SR, SR FH A ACIBORE 10 D R Tl 4 £ LR A S BUAME e 3 |
Te HUE R A B UCOR BEREAR 2 300 91, A i ID R A A
V) 250 ., i N A 4 (e 8 T I S0 300 148 4 A S0 4
h 64, FEAL S0, SRAE SR AT ) 18 LYK (106 4L EE
AR WAL 306 B 2H R AR T 2.5 A 4 AT TR U
1.2 REMEGREERE

400~1 000 nm ¥ 4 78 Fl2 R G 1% AR K D) & £ 7

MEE 278 83 | 2024 5 12 A | AR5V

5] 0 T 22 R R T 288 ) ST A Y e A O XD, R
6 £ O 3% 1 (ATP2400 8 3 &, 9% K 5 Bl 180~
1 180 nm) A1 #5 X 14 {X (HP Scanjet 4850 %1 ) 5% 45 44 %
A ST T 0 4 2% B R o R AR D HUHR I, K T 4 A
AR PR WETS AT RS A 0 AR AT
S E , - o0 90 A 7 5 T VR R I R b I R D R R
L FRBOGTE B . RBOGIS ARG 18 R4 AR TR =
FH AT A T 7 R4 00 B A A8 ) | 038 R 42 0 1% o7 & Ak
Xof 1o 1) R AR B o B A, VR 4 ol T A R B 120° 80 3 —
U, LRI 3 YOI A MG AR & . R Python 3.11 3470
TERE | U K W 400~1 000 nm
1.3 mERERNE

22 30k (3, 10, 20 BORT 2 5 T 98 A B R] T 2 R
Y (TSS) \pH i B2 B 45 B BB 30 24 B B i 4
ST R k2T SR T BEALAG I 7 i b E A S A
DLy | B DN kg 0 A T 2 L B ) IO A Y
AN, L B R W T, LA A R LR g IR
T fis 7 0 2 B RIVRT A ORF o1, O O, 224 R RO 2 R A A
R AE BUR K FEARBICE F 20 A VR AL B 75 30 25 43 51
TRl AN O I T AN T B S L i e N
TRAY A A G R R — I RTR A B O R L R
SCHR 10 ] Hh i 5 1 b o A5 A B I 0B 17 4
1.4 fEBIES

SN 1 T R A X S A R 28 R 4 A R
(DICNN) il 18 1.3 18 2 2 7 )2 & BUZ R 454, 2 51
T4 B T B RRAE R SRR AR, DU T 48 B 1Y R AR
2% dropout 45 J 15 A 42 3% 52 12 HEAT & 4 5 0 7
1.4.1 GAFZEH X THEHA G (1<<i<<N,NFHEHR
SR , BE BB 400~1 000 nm FE 1300 4 9% K 5L 15
BB X, = (a0, o0 2100 )(1 << 3N) . FIJT] GAF
(gramian angular fields) # AR ¥t — 2 S 3% B4 5% ok
4 RS

IR 1T RO A A A G A X T ORI S X
FC1) X I K ot 3R A7 45 0, e 2K (2) %o 4 T30S 14 B M8 AT
P A TE N A A AR R 2 A

Y . . . I : .
1.M’*|:1_M> min (Iﬂ?ﬂ/[ max (xf’»') min (1./&>:|’
=1:1300 £=1:1300 =111300

k=1,2,---,1300, (1)
= arccos(.r]/k),Rij k/1300, (2)
A

Tz AU R B, Hoapee [0, 1];

@ [ N AR

Ry——x ), X4

YR 2GS B —4E R g bt o 2 (3) 45 B XX
I GADF — 4 4 ih 4]



F&M | Vol.40, No.12

Vi
GAFZE i

T A ETFVEERHERBE NSO EWE RRLND T

B BED

ESEIE

B3 14

%mm%fﬂu%ﬂlz

B 1 R Rt R ARA 2 W AR

| .
61 s
Figure 1
0 sin(aﬂ*ajz)
Hnpr =
Sin(%lseofa/]) Sin(a,'lsoo*%Z)
142 a0 B Aok B FUR 28 45 808 L

“Conv” 45 ¥4 2 FERli 45 44, “ Conv” I filh 25 #4 10 45 & B2 |
BN JZ (Batch normalization)"" Fl #{i% )2 . 1 18 1 553 i
FLA A R ) 45 254, LLaE s 1 D ), %6 38 i Convl
Conv2, Conv3, Conv4, Conv5, Conv6, Conv7 41 1% , H.
Convl ., Conv3 43 Jll 2R J PN AS 7] K/ 1) 4 FRAZ X i A DG
T e R R AT A BURE SR I Bk U B A
HE T4 % 4 KR 4 Convl (45 A% K/ 28X28) . Conv3
(36 B R/ 9X9) 5 FL Ak B A5 21 9L BF 4 BURRAIE , &
Conv3 (5 B K /N 5X5)  Convd (5 B K /N 3X3) |
Conv5 (B K /N 3 X 3) 45 FRAL FRAG 2] /)N HL 0 45 FRURRAE .
KA 55 /N0 BB o BURRAE e~ il &, — 2D 4R T TR
XF G 1 B M FR AT A BT RE D o O BlA 1R AE 48 Conve
(B BRI 3X3)  Conv7 (5 U K /N 3X3) ik — L %
A fb W5 5w E 245 B 0 B R AR BT R AL &
dropout JE 4 5 4t A\ 4 % H2)2 , B 445 3 i BT 98 b A0 1A
1.4.3  dropout J i & HURFAE  XUE 1 45 BSR4 B3 1y
FRAE A — @ ICARE I el iE 1 S iE 2R B
PG AR R4 5 )5 51 A dropout SRAF i 45 , 722 58 (4) %7 i
HRUE 19 47 A DL — i B3 53 B 451, dropout 114 531 Bk 5 42 i 7E
[0.10,0.25]

yi— Y,,rand(O,l)<P’i:l,m’M’ (4)

0,else

o

Y —— 55 i R IURAT 5

M——FEBURFIE R ;

P——HI ML, %

sm(ozj1 —

Dual-channel improved CNN model

Q1300 )

Y’ Dropout JE 4 Ji FE{H -
2 HRG5PNE

Shy 5 A TR A A o) T 3> 5 AT M [ ) (TSS) |
pH{H VR R 4G B B A R BT 2R AT S T R R
B FF LT 7 2848 b1 QILLQIZ . QI3 QI4. QI5. QI6, QI7 ##
B o BRAH R AR 58 OGRS EE AR MR BORAE TR L A
FHAL S5 BRARAS W 5 325 2k RO L (9 7 i 48 PR 00 .
2.1 REG %

H 18 AL IR L 106 ZH A A r 5 HUAY 2 650 i 4 24 4 e
7+ 3 149 49 3 43 R 1 R AR B R SR AR B . ) I
FEACEE X DICNN AR E A7 Y1 5, B o 74~ Conv ™ 25 1)
B UK B oy ) 5 Ol 168,104,202, 158,98,30, 14, 4
TR o B sigmoid pREL, T AL )2 D K 8y 2, i dk
77 O e Kb AL BAE , &% 2 & B & oA 50
Ak 156,48, XF DICNN 5% B 47 91 25, A 1k 2% 3% BN
Adam, 5 KIEACIREL T, 0 12048 45 16, 32 3 (5) 4
Y2 2] 3y FEAT 0 B2 00T BB I 2l 2% i pR 5000 0y
¥R,

Yi=BXyicni= 1 T (5)

itq:]:

y— iR &

Yo% — M BOEWIIR S %y, = 0.35;

A2 FH R R L L= 0.95,
22 HRSW

IR 0 38R AR 6 9IE DICNN A% 28 J5 A6 ) 4% SR A 1Y
P36 bR A 27 M A% 22 RMSE K 6 R 5T R R 4% T500 it
# RPD'?/, Hir  RMSE Ji e T 455 806 ) 45 51 &5 EC S fE 7]

91



92

iz 5 {R 5 STORAGE TRANSPORTATION & PRESERVATION

W O 25 R o Re M4 1, FOR BT RS 2 B 4F . RPD
ST AR B TN RS B 4 IR, RPD = 3 3¢ 7 A5 20 100k
e 47 3 2<<RPD <3 3 /x £ AU 0 I 1 A8 4L 47 5 1.5<<
RPD << 2 2% 7 A5 8 1000 1 B — it s RPD << 1.5 26 7 AR 7R 13
MPERER 22 7E DICNN BB BERl |-, R 1G5 T AR
SR 3 A 3 | PR T A B 4 R AR R

6T A BR800 B AL IE (MSC) T ik | Bl %
T A B SR FH Vo 0T R U . AR 1 IR AR IR 58 T 4R
DICNN #& %1 () & il I+ , DICNNO, DICNN1, DICNN2 Al

1101
100
b g0r
il
{'Kf 80 A
HE g0
<
£ 60r
50+
40 L L L L L L |
40 50 60 70 80 90 100 110
LioRIUNIED
Detection value/(mg * g™
(a) DICNNO
1101
1001
B gqf
j=I9)
£
E% 801
-ﬂj{i 70+
]
£ 60
50+
40 \ s s \ s \ s
40 50 60 70 80 90 100 110
LRl
Detection value/(mg * g™
(¢) DICNN2

MEE 278 83 | 2024 5 12 A | AR5V

F1 EEHAAEFX
Table 1 Model preprocessing methods
fiib#EJ7  DICNNO  DICNNI  DICNN2  DICNN3
G AL £ N, J X X
P {5 AL 31 N X N X

TR R I R A BT X TR IR AN R .
DICNN3 5 5 53 551 5% S W) B0 T A B )5 3 I 2 45 8 T
4 b RS [ 5 J5 4R A AR T 5 S (X 4t SR (LA 2 A
SN R B AE 18 A HE U T RS HE U BE AL I T AN REAR)

1101
100
B g0r
mE ol
P ? 80 -
=E 70r
<
& 60f
50+
40 \ : \ \ : \ |
40 50 60 70 80 90 100 110
LicalllEL:R
Detection value/(mg * g™
(b) DICNN1
1107
100
B 9ot
=13}
g L
ﬁ 5 80
i iﬁ 701
g
£ 60r
50+
40 \ \ \ \ \ \ |
40 50 60 70 80 90 100 110
LRl
Detection value/(mg * g™
(d) DICNN3

B2 4APAEE R R S A3 AR AR R S AL SR A I O R & A7 B b )

Figure 2 Comparison on model predicted values and measured values of different quality indicators (taking grape seed

total phenols as an example)
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Table 2 Comparison of evaluation indicators for 4 models

TS A DICNNO DICNNI1 DICNN2 DICNN3

RMSE Re RPD RMSE R¢ RPD RMSE Re RPD RMSE R¢ RPD
QIl1 3.114 0.951 3.014 3.210 0.947 3.001 6.112 0.922 2.456 6.248 0.904 2.211
QI2 4.279 0.973 3.321 4.317 0.969 3.145 8.176 0.931 2.178 8.225 0.911 2.044
QI3 2.146 0.962 3.008 2.214 0.958 2.996 7.229 0.928 2.004 7.452 0.907 1.982
QI4 3.086 0.954 3.652 3.106 0.947 3.007 9.116 0.919 2.114 9.264 0.913 2.087
QI5 2.225 0.962 3.557 2.307 0.960 3.448 8.664 0.934 2.136 8.886 0.912 2.014
QI6 2.778 0.982 3.229 2.806 0.981 3.196 7.525 0.918 2.096 7.671 0.904 2.044
Q17 3.504 0.973 3.714 3.661 0.971 3.662 6.973 0.922 2.314 7.058 0.910 2.297
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Table 3 Comparison of model evaluation indicators
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Figure 3 Effects of wavelength points and image pixel size on detection results (with QII as an example)
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