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Fig.1 Physical picture of carrot separator
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Fig.2 Schematic diagram of four carrots
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Table 1  Quantitative distribution of four kinds of carrots

S R Wit it
Classes dataset/piece Test dataset/piece ~ Total/piece

1E# Normal 700 300 1 000

i Curved 969 415 1384
HBF Black spot 411 176 587
R Fibrous root 206 89 295
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Fig.3 Flow chart of knowledge distillation
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Table 2 Basic parameters of the model

(3

sl LR NN 5L NS

Model Depth layer  Size/MB FLOPs/10°  Input size/pixels
Resnet18 18 44 1.8 224X224
Resnet34 34 93 3.6 224X224
Resnet50 50 98 3.8 224 X224
Resnet101 101 170 7.6 224X224
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Fig.4 Feature visualization results
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Fig.5 Model training results
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Table 3 Confusion matrix of Resnet101 network classification

result
o = . P
i Classes NZErrTlJal C?rsj;d Blaiﬁsipot Fibri)rsﬁroot
IE% Normal 300 0 0 0
L Curved 1 388 26 0
BT Black spot 0 15 160 1
ZAR Fibrous root 0 1 0 88
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Table 4 Comparison results of accuracy before and after
knowledge distillation %
Resnet34 Resnet50 Resnet101
FH emw RMUE WM BWE BN AWE
Classes  Befyre After Before After Before After

distillation distillation distillation distillation distillation distillation

IE 98.6 99.3 98.6 100 98.6 100
Normal
Fiis
7 i 92.9 92.6 92.9 92.7 92.9 93.5
Curved
w5
Black 89.2 90.3 89.2 90.4 89.2 90.9
spot
ZiR
Fibrous 96.6 97.1 96.6 97.8 96.6 98.9
root
T2
U 94.3 94.8 94.3 95.2 943 95.8
Average
accuracy
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Table 5 Comparison of models using knowledge distillation
versus not using knowledge distillation

TR ZHE KA YRR jE HE
Model Parameter/10° Size/MB  Training  Accuracy/%
time/h
Resnet18-distilled 11.7 44 11.3 95.8
Resnet50-undistilled 25.6 98 19.3 96.3
Resnet101-undistilled 44.6 170 31.3 96.9
3 it it

ARG HE T ANRZR RN 4 FOASH] SIS R4
FERAN o AR BOTRE R RT3 AR A 25,
MR A 5 e I HE A o A IR T, UM R Oy
Resnet101 B, %AEH Resnet]8 RS0 45 AT, X1
PR A2 23k 1) O AR 0 2 AL AR R 48 3 e s . e
SURRMW, M T giiLas 2 S 0k, Al e 7
PR RIS AL B

FEREEMNE MR RN BRI — 2% MR
AR, ARG IGEAUR, X 2L HARRA I, SR
ARG T R A . AESERRAE T, XA LR AR B
TeVEE G, BROAARS T DMk ok B, R RH %
FELE, B G ARk E . B s Kt E
HARRRACBEIXA L, 2 ERRF PRI b R
ANFIEHE MEEER, XA PIRRRE AL X
W TFIM FE BB AC . A Ie 2 kA7 7 Hr i
RIVERL R AR 2 B P AL R PEAN S I PR 2 1], 3K
R REAE RN I R BE SR A IS SR AN IS S A B A 4
T, B AR a2k SR R R T SRR . SERR
PR BRI IR P RAR IS R ftr s R IE i 73 R IAAN K

8 B A Gk B 11 25t R T 2R A R T IR R ok
Y EMTREERIY LR s, ERAEIEH,
T BB A RE R . FTEAART T el 4 28,
H 2 SENAER B 5% N AT 0 2. S8R0 AL,
HAPIEREACE R, A, R RDRT 4 KA
FISEHITHE b, KL RGN, TP M
G B R BRI MR, tnid, W S Bl
R AT AR AL SRR+ of BEr. M1

HESRBIEASE N, HZOEAE S AR T, @it RE
Sof BB AR, S NPIER I 5 s FT LA AT A R 43 2%
[F, R0 I 2 A R FH BT 2 Resnet101 — R A1 2%
PR, IX AT REAE AR 1A SR A 2 [ i ) B B RFAE
WIS, BRI S B 2 A B R AR .
— LGSR R B ) T I R AR Y S R SRR R A Y ) v
M, L ER ARSI R RS, b
Ir UK AT R R — DB I N 2

4 % i

AHIF TR X 1o 2 I 245 1 P A R B R SRR 78 4%
AR RL I K 1 1] A, $ S R R TR AR S T U 4
PRI AR MRy A, FEERWT:

D) Gl A AN [F I BOm R ARk, (TR A SR
, e TSN MER R . SRR EENLURER 980
AR N ERRIER, SPEIUERRIAR] T 95.8%.

2) BTN Resnet101 B, 22447 Resnetl8
FIRIGHER R A 95.8%. HH ELI AR ZRIH AT 94.3%, iR
PRI 1.5%, 2800 5 I SR R] A R4S
BT, W EZE R VR R A TAT Y

3) JE I RIRZRTE T DR — AN R B MR R
KRR R 2R, IR TR Y 30 28 L S B Az 7 2 I FH
oy EE

(& % x #

(1] EETE, ER, SEF, & SERPELEPE ok

H T E RO A B )], R SRR, 2014,
23(1): 107-109.
Tan Guofei, Wang Feng, Ma Jing, et al. Changes of taste and
content of some nutritional components of carrot during
storage period under room temperature[J]. Journal of Plant
Resources and Environment, 2014, 23(1): 107-109. (in
Chinese with English abstract)

2] SEH, EHEE, Lo, % REaihRHE bRA

VIR R L R ] R E AR, 2019, 19(9):
286-297.
Yi Jianyong, Hou Chunhui, Bi Jinfeng, et al. Review on
carotenoid bioavailability in fruit and vegetable products[J].
Journal of Chinese Institute of Food Science and Technology,
2019, 19(9): 286-297. (in Chinese with English abstract)

[3] Watson A, Pung H, Hall B H. Managing leaf diseases of
carrots with traditional and alternative fungicides including
baseline sensitivity studies[J]. Crop Protection, 2017, 93:

52-59.
[4] Xie W, Wang F, Yang D. Research on carrot surface defect
detection methods based on machine vision[J].

IFAC-PapersOnLine, 2019, 52( 30): 24-29.

[51 Fatefl, B, RE, 5 FETHEO R SORRHER R
FPUNIHED]. AL T4, 2014, 30(16): 305-311.
Tao Huawei, Zhao Li, Xi Ji, et al. Fruits and vegetables
recognition based on color and texture features[J].
Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2014, 30(16):
305-311. (in Chinese with English abstract)



186

Fk TREZAR Chttp://www.tcsae.org)

2020 4F

[10]

(1]

T, EEMEGT, DBUR, . FETEDGIEEARM S RX
Vi) i AL ek B 557 32k 1) 8 0 A P2 AGH I [0, Aok TORE 2 4R
2019, 35(13): 270-276.

Long Yan, Lian Yaru, Ma Minjuan, et al. Detection of tomato
hardness based on hyperspectral technology and modified
interval random frog algorithm[J].
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2019, 35(13): 270-276. (in Chinese with English
abstract)

WR, WAk FET RMRRHER & 38 RAEL - RITIE].
Aolk TREZER, 2017, 33(1): 285-291.

Huang Chen, Fei Jiyou. Online apple grading based on
decision fusion of image features[J]. Transactions of the

Transactions of the

Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2017, 33(1): 285-291. (in Chinese with English
abstract)

Xie W, Wang F, Yang D. Research on carrot grading based
on machine vision feature parameters[J]. IFAC-
PapersOnLine, 2019, 52(30): 30-35.

AP, oL, R, ST RGBS k.
RS T 2L TR [T]. Ak TREZEH, 2013, 29(9):
156-161.

Han Zhongzhi, Deng Limiao, Xu Yan, et al. Image
processing method for detection of carrot green-shoulder,
fibrous roots and surface cracks[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2013, 29(9): 156-161. (in Chinese with English
abstract)

Deng L, Du H, Han Z. A Carrot sorting system using
machine vision technique[J].
Agriculture, 2017, 33(2): 149-156.
s, P, frEk. HETIREME MRS &5
K0, Ak TR, 2020, 36(9): 195-204.

Cang Yan, Luo Shunyuan, Qiao Yulong. Classification of pig

Applied Engineering in

sounds based on deep neural network[J]. Transactions of the
Chinese Society of Agricultural Engineering (Transactions of
the CSAE), 2020, 36(9): 195-204. (in Chinese with English
abstract)

BiE, B, @z, 55 BETESET VORI £
IR ], ARk TR, 2019, 35(6): 174-180.
Li Xuan, Zhao Jian, Gao Yun, et al. Pig continuous cough
sound recognition based oncontinuous speech recognition
technology[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019,
35(6): 174-180. (in Chinese with English abstract)

HORKHE, VRN, EXEE, S MR TR =AY
TREES: I NIRRT THE LS BARAE, 2018(2):
112-117.

Zheng Qiumei, Xie Huanli, Wang Fenghua, et al. A deep
learning face recognition algorithm based on local ternary
pattern[J]. Computer and Modernization, 2018(2): 112-117.
MARGE, skiREE, ARFEH, 55 JET K-SVD FIEAZILA
B ERM R RS CEER 7 28TV, AR TR A4,
2019, 35(19): 216-222.

Lin Xiangze, Zhang Junyuan, Zhu Saihua, et al. Sparse
representation classification method of rice planthop-per
image based on K-SVD and orthogonal matching pursuit

[19]

[25]

algorithm[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2019,
35(19): 216-222. (in Chinese with English abstract)

Li Juan, Xu Chen, Jiang Lingxu, et al. Detection and analysis
of behavior trajectory for sea cucumbers based on deep
learning[J]. IEEE Access. 2020, 8: 18832-18840.

Xu Wenkai, Zhu Zhaohu, Ge Fengli, et al. Analysis of
behavior trajectory based on deep learning in ammonia
environment for fish[J]. Sensors, 2020, 20(16): 1-11.
Kamilaris A, Francesc X Prenafeta-Boldu. Deep learning in
agriculture: A survey[J]. Computers and Electronics in
Agriculture, 2018, 147(1): 70-90.

WO, TRER, 3 OMS, & FETRANGEEE WG4
1) bR EBRAEY 43 KI5 0] AR LR 24, 2018,
34(18): 122-129.

Dai Jianguo, Zhang Guoshun, Guo Peng, et al. Classification
method of main crops in northern Xinjiang based on UAV
visible waveband images[J].
Society of Agricultural Engineering (Transactions of the
CSAE), 2018, 34(18): 122-129. (in Chinese with English
abstract)

HOCEE, FREREE, skorvo, & T RANLERAEX L
WM 5 B4 70 T7E ). AEHUIREAAR, 2016, 47(11):
270-2717.

Han Wenting, Guo Congcong, Zhang Liyuan,
Classification method of land cover and irrigated farm land

Transactions of the Chinese

et al.

use based on uav remote sensing in irrigation[J]. Transactions
of the Chinese Society of Agricultural Machinery, 2016,
47(11): 270-277. (in Chinese with English abstract)

Ni Chao, Wang Dongyi, Vinson Robert, et al. Automatic
inspection machine for maize kernels based on deep
convolutional neural networks[J]. Biosystems Engineering,
2019, 178: 131-144.

WRidk, WER, 253k, 5. FETHLEALGE I KRG A% 0T X iR
FFRLLE 2 AR D7 V[T, ARk TRE=4), 2018, 34(13):
187-194.

Chen Jin, Gu Yan, Lian Yi, et al. Online recognition method
of impurities and broken paddy grains based on machine
vision[J]. Transactions of the Chinese Society of Agricultural
Engineering (Transactions of the CSAE), 2018, 34(13):
187-194. (in Chinese with English abstract)

TP, R FET R-FCN IRFEEBFIMNE W 45 145
NGB R AR H AR A, Aok TR, 2019, 35(3):
156-163.

Wang Dandan, He Dongjian. Recognition of apple targets
before fruits thinning by robot based on R-FCN deep
convolution neural network[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the
CSAE), 2019, 35(3): 156-163. (in Chinese with English
abstract)

Olaniyi E O, Oyedotun O K, Adnan K. Intelligent grading
system for banana fruit using neural network arbitration[J].
Journal of Food Process Engineering, 2015, 40: e12335.
Juncheng M, Keming D, Feixiang Z, et al. A recognition
method for cucumber diseases using leaf symptom images
based on deep convolutional neural network[J]. Computers &
Electronics in Agriculture, 2018, 154: 18-24.

WEAL, IR, BORKEE, 45 BT RO BRI



%18 1

Pt Th 25«

FET RN AR TR AL N AU it o3 5 2 e DN

187

ST S e R ). Ak AR 243, 2019, 35(13):
277-284.

Xie Zhonghong, Xu Huanliang, Huang Qiugui, et al. Spinach
freshness detection based on hyperspectral image and deep
learning method[J]. Transactions of the Chinese Society of

[27]

[28]

Hinton G, Vinyals O, Dean J. Distilling the knowledge in a
neural network[J]. Computer Science, 2015, 14(7): 38-39.

He K, Zhang X, Ren S, et al. Deep Residual Learning for
Image Recognition[C]// IEEE Conference on Computer
Vision & Pattern Recognition. IEEE Computer Society,

2016.

FNVARE HH AR A S G ST B RAT VAR Bl
M. Bt E A A, 2013.

Tang Pengjie, Wang Hanli, Sam Kwong. G-MS2F:
GoogLeNet based multi-stage feature fusion of deep CNN for
scene recognition[J]. Neurocomputing, 2017, 225: 188-197.

Agricultural Engineering (Transactions of the CSAE), 2019,
35(13): 277-284. (in Chinese with English abstract)

MR, XUSEE. FTIREEGERIN G M4 5 DALk
R 2R SEIL]. FEPHEE 2R &4k, 2019, 11(4): 41-43.
Yan Caixia, Liu Kecheng. Classification of carrot shape
defects based on denn[J]. Journal of Nanyang Institute of
Technology, 2019, 11(4): 41-43.

Intelligent detection of appearance quality of carrot grade using
knowledge distillation

Ni Jiangong, Li Juan, Deng Limiao, Han Zhongzhi™
(School of Science and Information Science, Qingdao Agricultural University, Qingdao 266109, China)

Abstract: Carrot has widely been served in the human diet, due to its rich in nutrients, particularly on carotene and dietary
fiber. However, the brown and black spot disease can ruin the appearance and nutritional quality of carrot during the planting.
Therefore, the classification of carrot grades has become an essential part, to improve the competitiveness of carrots in the
market. Specifically, the detailed grading can greatly contribute to the commercial value of carrots. Traditionally, a feature
extraction with classifier mode was generally adopted to detect the carrot appearance, where the manual definition of features
was required, leading to time consuming, less accuracy, and erroneous judgement. In this study, a novel network was proposed
to solve the problem, based on a lightweight front-end deployment method, the knowledge distillation technique. Teacher and
student models were selected, where a teacher model was introduced to guide the training of student model. The model in this
network can be used to reduce the number of parameters and running time, while achieve high accuracy. 3 266 high-resolution
images of carrot were collected from the sorting machine as the experimental data sets. Four grades were divided, including the
normal, curved, black spot and fibrous root, according to the carrot grading standards of Ministry of Agriculture of the People's
Republic of China NY/T 1983—2011. 70% of the dataset was randomly divided into the training sets, whereas, the remaining
30% into test sets. The dataset of carrot was first imported into the network model for training. A teacher model was then
introduced, when training to induce a student model, where the teacher model was a large-scale and complex network with
many participants, whereas, the student model was a small-scale and streamlined network with a small number of parameters.
By inducing training, small models can finally achieve high accuracy. Three teacher models were used, including Resnet34,
Resnet50, and Resnet101, in order to guide the training of student model of Resnetl8. Correspondingly, the average accuracy
of distillation model increased from 94.3% to 94.8%, 95.2%, and 95.8%, respectively. The recognition rate of normal carrot
was improved to 100%, where the Resnet18 student model was guided by the Resnet101 teacher model. The recognition rate
of normal, black spot and fibrous root increased by about 2%, while, the training time of the model was 11.3 h. In addition, the
recognition accuracies of Resnet50 and Resnet101 teacher model were 96.3% and 96.9% respectively, whereas, the training
time of models can be 19.3 h and 31.3 h, respectively. The experimental results showed that the recognition rate of distillation
model was much higher than that of the traditional model based on feature extraction with classifier. The recognition rate of
model can further improved as the increase in the depth of teacher model. Knowledge distillation can perform well from the
perspective of training time and arrangement in the model. The training time and deployment of model can be greatly
shortened with a tradeoff of accuracy. Consequently, the knowledge distillation model can be used to provide a promising
significant support to improve the performance of automatic detection device for the appearance quality of carrots.

Keywords: deep learning; models; quality control; carrot; rank classification; knowledge distillation
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