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Non-destructive detection of kiwifruit internal quality based on improved
deep convolutional neural network and spectral technology
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(1. Hunan International Business Vocational College, Changsha, Hunan 410114, China; 2. Huazhong Agricultural
University, Wuhan, Hubei 430070, China; 3. Wuhan University of Science and Technology, Wuhan, Hubei 430081, China)

Abstract: [ Objective] Dry matter and sugar content are two important indicators affecting the quality of kiwifruit. To achieve rapid and
accurate detection of these indicators, a non-destructive detection method for key internal quality indicators of kiwifruit is proposed,
integrating improved deep convolutional neural network with spectral technology. [ Methods] A spectrometer was used to collect spectral
data of kiwifruit, and the data were transformed into two types of two-dimensional images using Gramian Angular Field (GAF)
transformation. An improved convolutional neural network model with multi-dilated convolutions was constructed to predict and analyze
key quality indicators of kiwifruit. The model consists of two independent CNN modules connected in parallel to process the two types of
two-dimensional images. Multi-dilated convolution strategies, clustering pruning methods, and channel attention mechanisms were
incorporated to enhance the model's detection and analysis performance. [ Results] Compared with other models, the proposed method
reduced the average root mean square errors of dry matter and sugar content by 20.59% and 13.04%, respectively, increased the average
determination coefficients by 6.45% and 4.34%, respectively, and improved the average relative prediction deviations by 6.99% and 12.78%,
respectively. [ Conclusion] The proposed method demonstrates good capability in detecting and analyzing key internal quality indicators of

kiwifruit, and provides a valuable reference for non-destructive internal quality testing of kiwifruit.
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Figure 1 Hyperspectral acquisition system for kiwifruit
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Figure 2 Schematic diagram of kiwifruit sample slice
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Figure 3 Schematic diagram of the improved CNN model with multi-dilated convolution
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Figure 4 Schematic diagram of multi-dilated convolution strategy
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Figure 6 Spectral curve of kiwifruit MSC pretreatment and distribution of dry matter and sugar content in samples
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Figure 7 Comparison results between the predicted and actual dry matter values of three models in the first batch
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Figure 8 Comparison results between the predicted and actual sugar content values of three models in the first batch
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Figure 9 Comparison results between the predicted and actual dry matter values of three models in the 12th batch
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Figure 10 Comparison results between the predicted and actual sugar content values of three models in the 12th batch
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Table 2 Test results of dry matter and sugar content
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1 s 1.87
T MEC-ICNN  RMSE 0.40 041 038 047 041 038 031 039 047 045 038 036
R 095 094 098 095 096 097 094 098 096 097 095 0.99
RPD 277 279 269 270 2.68 2.66 259 264 266 271 274 279
I s 1.11
SCHk[8] RMSE 051 058 044 053 056 045 048 046 056 055 049 047
R 093 092 094 092 091 093 092 094 092 093 091 0094
RPD 211 217 221 216 217 213 221 220 2.19 224 218 224
1 s 1.56
SCik[ 14] RMSE 0.45 047 046 052 047 046 037 042 052 048 046 043
R 092 091 094 092 091 093 091 094 092 095 091 0093
RPD 2.14 221 219 231 224 217 224 218 214 220 216 2.11
i s 2.03

JAZE 2 W1 AAS B, 26 A0 kT i SR I I, 3 R 9k
HBHUAS T R EE BRI 45 SR RPD K T 2. Hid , MEC-
ICNNPEREfR AL, 12 4K F 19 RMSE . R* .RPD -1l
0.27.0.97.2.43, # tt MSC+CARS+PSO-SVR 77 i& 19
RMSE “F 34 (i [ ik 7 28.95% R*F M {125 T 5.15%.
RPD V{8 #£ % T 14.08%, % FD+SNV-+PLS J5 ¥ (1
RMSE ¥ 3 i &K T 20.59% R*FHE IR E T 6.45%.
RPD V- B T 6.99% . TE kA0 Bk M 12 A6 0y T, 9T 44
MEC-ICNN £ Be /5 % { . 12 4~ 4L ¥k F # RMSE  R* \RPD
V-4 {8 4 0.40,0.96 ,2.47, A . MSC+CARS+PSO-SVR
75 1 B RMSE ¥ AR T 21.57% R MEER T
6.25% RPD ¥ (H#EE T 15.18%, % FD+SNV+PLS 7
% RMSE F {6 (A8 T 13.04% R FHEE & T
4.34% RPDF-HI(E L85 T 12.78%. 78K At i) L=, J6ig
SR T SR W0 A 2 B ARG, 9T 4 MEC-ICNN #R 2t T
HoAb WA 7. 45 R W], MEC-ICNN R 3L T8
R ARG P R SR PR R R R I8 A 3 (GATF) A5 ks

T B B 4 Sy 2K A R R R S Al ST NN
R T AL BT 26 — AE R G I TR E R EE A 2
BHEBURK SISy R T BRZ 2 =7 T
B BUZ I RRE B B2 BURE 77 5 3 ZE 05 Ry ke 1 v
FIBUHT A B 8 P AR ASE A 0 2% 45 4 1) [ B T T R
B T R ACE, ffi 13 MEC-ICNN B A 05 4 A4 45 11l $2 B R
T K A

3 ik
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