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Fig.1 Examples of Camellia oleifera leaf image data set
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s 5 T AR A R HUHE 1
fERERE ), SRS G . A TSR £
FEME, dFmig e i ege, Bt MEIR KA, FE
XFYNSREE AT HAR G 9% . A 302 H Keras F11f] Image Data
Generator FEATHUEIG 8, X EUGHEAT %, 20° N
HIBE LR« AKFFIZE B 7 ) A B8 SR 8 3 07 =X,
FeH BT G A E R 512 155 %512 5.5 x3 i,

1.3 VGG16 ILZAREY B it SR A%

1.3.1 VG616 M ZAEA!

VGG16 2% A 7 iy = FE K22 AL J LT 4 (Visual
Geometry Group) #2ii, RALMPIERMENLE L —, &
i 5 HEFZ (convolution layer) . 3 NM4iEH)ZE (full
connected layer) Fl—~~ Softmax %ith EHpk, FHEH
22 [aE i s Ktk )2 (maxpooling layer) 437, Fif
B2 AOBE TR ReLU JRLRMEBOE 3. VGG16
WEZEfER 3x3 NERBABRERZ, Ak T M 2%
PINZRZH, T HSE I T e pgdEZePEson, 45 M
YL REIMEER . VGG16 RIS EME T iiE N
4096 A, PAEKEMZSE, K 2EEEME T
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FRAEER
Residual
block

s RESK, Ix1

AMNECHAT IR, AR TR R A
2 1H] 6
1.3.2 ReLU6. Swish #= hard—Swish & F3k
WOE RS N AR S A RRAE R 2 X 28 (Il SRkl
FXRBEEMIEM . £ VGG16 MHAIF, jaH ReLU 1E
NG RR L, HHUE N
flx)=max(0,x) QP
K H R & BRI RS, 277 A K& I 7UH , ReLU
BOS KB AN 0 5, SRR KERRIEER.
ReLU6 /2 7E ReLU Wi ek HUMFLALE FK KT 6 (1%L
PEHAE N 6, N T HEBS floatl6 [AEFEIIHE,
REA IR I BB Y HE5, WX ReLu gt (B A PR
i, MxfmibyaE e 0 BIETTS, MK ER floatl6
TERE IR HEUE, KGR . HEURE XN
f(x)=min(max(0,x),6) (2>
2017 4EF1 2019 4 Google #H4kIEH T Swish 5
hard-Swish % B, HEEE SN

LA Ml /N R A

Swish = x - Sigmoid(Sx) (3)
hard —Swish[x] = x .w (4)

Swish HA T EAA F A “Fi. JEslmsetE, &
PR EART ReLU6 B3GR %L, Bt ¥ AE 4
hard-Swish EEUEIR S Swish BERAL, BE#E T2 0ot
A, MEESAH, mHEFHEN Swish BREUN.
IRt A SC R ReLU6 A1 hard-Swish 105 B 3048 # ReLU
PSR, R R R
1.3.3 R EH

AR SCE B IE A HIRERIZH <1 BH)Z
BT e Bk ERE, IR 3x3 BREFEMAE—1k
JZ 1 hard-Swish 3775 pR £ 5k ReL U6 3% bR H0R) 2 7k 22 15
P, w2 froR. fE— R Rl T SR EETE
R IEET FRER G, o] DAZE S NARFAE (1 il 1 2% 5] 3]
SBTHIRRAE, 5 1k R0 2% et R S B R T kB
1.3.4 Dropout 5 L2 EN|{biLAL

Dropout? 2 Srivastava 257 2012 E42 H ), i 7E
A AR SRR, BEALE R A e, A S {E
T HERR G MR 4 T, AT 3 s A (1) 72 L
B ki A IR R A

——————

BN \

______

3 3x3 REBBKRAD, Conv KEEHZ, BN KA —LE, FoRERHREREL x RN,

Note: s represents strlde 1x1 and 3x3 represent size of convolution kernel, Conv represents convolution layer, BN represents Batch Normalization, F(x) represents

B2 REARR
Fig.2 Residual block

residual function, x represents input.
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A s IR AEST, WA S5

ASCE R 4% Z F g F Dropout 5 L2 1EN{L,
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1.3.5 Enhanced VGG16 M 2&A4%A

A 3C3E ) hard-Swish 1 ReLU6 M0 b6 8 bk Z= A |
Dropout. L2 IENLEERIAR, X VGG16 ML AL T =
V) ik LA % 45 #4935 % . Enhanced VGG 16 W48 15 784 4244 4
Kl 3 Fi7n, ConvBNReLU6 B Z. 1H—1LER
ReLUG6 B0% B EUZH L, FChSD KiHe iR L2 N4k
2235422 . hard-Swish BUE BRI EUA Dropout JZ4H . 44
ZERJH 2 4~ ConvBNReLU6 b, 5 AN ZRIEA 2 4
FChSD B4R, i8id Max pool E/NEIMG R, 403%
HZHH %N 4, FIH Softmax #EAT 2.

ConvBNReLU6 __ =
block Dropout 0.5

iz FHReLUGHLI R
Bz
Residual block

hard-Swish

128

|

|

ConvBNReLU6 |
block |

I

ftmax/Z
Softmax

AR SR W I E SR 3 33 /NEFZAE 1
A Tx7 KRG, {ERZEMHFERRT, WS INERX
AMUAT LN 28 2 8 i, HIE D 1 92 A it 4R gt o
TG, FEURUL ResNet W25k 72 2 =) JBAR, R BkERIEHZ,
B T BB AR ATAS BARIE I R 2

HR 4 Howard 7E MobileNet V3 2% H$2 Hi ) hard-Swish
WS R ERURAR A R R A S RAD, Wik
Enhanced VGG16 fE#x )5 — Mk ZEB A 4%z 212 H
hard-Swish U8 ReLU #uf &%, HAREIH] ReLU6 A
ReLU WUH 2L, $REBERIHERZE

SR UG VGG16 W 2% 1 S E0 4 K oy S v T A e 42 N 4%
ZH BRI AR E AR TN 4 096 HUN 1024,
BHRTFJMER N 2% S50, fEAERE A L2 IEfL
F1 Dropout J2, AR THem oIk, I M Lish, Bi
IEARR S L. iZB AL EL AlexNet. VGG16. Resnet50-
InceptionV3 . Xception W 4% #51 A4 Il 2k = K />, Lb
Resnet50. InceptionV3. Xception FAL 1% & %?&‘, i
s AE A Bl i AR U8 BEAT Il e 20 2R

Y

& Filhard-Swish i
BRI IR AR
Residual block
hard-Swish
256

e

1z Flhard-Swish#i% 8
= BT R
mz@ii; 05 Residual block
P hard-Swish
512

, FChSD block H#FH4EHE 2. hard-Swish B0E bR BURL T 2 4 Rk

FE: ConvBNReLUG block R HAERUZ. IH—4b/Z 1 ReLUG i ik 4 iy L5
B, 512x512x3 AREAMABMGRDN, 3x3x64 REGRZ AN SHEE, <2 IR ER AL, 128, 256 M1 512 REERIZANEL 1024 M1 4 REFMZL UL
0.001 FEIENL AL, 0.5 RREFME.

Note: ConvBNReLUG6 block represents a block consisting of a convolutional layer, a batch normalization layer and a ReLU6 activation function, FChSD block
represents a block consisting of a fully connected layer, a hard-Swish activation function, and a dropout layer, 512x512x3 represents input image size, 3x3x64 represents
size and number of convolution kernels, x2 represents block repetition times, 128, 256 and 512 represent the number of convolution kernels, 1024 and 4 represent the
number of neurons, 0.001 represents regularization coefficient, 0.5 represents the dropout probability.

B 3 Enhanced VGG16 M %44
Fig.3 Enhanced VGG16 network model
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N7 WEBIZE Enhanced VGG16 %% 4135 ] hard-Swish
1 ReLU6 ¥ B A E ReLU $y bR F06 hodb A 0 4
P EA SR TR, X 4 PSR 0B BR B St S
BATRES . WL RWER 1 P, EMFEZHGT, EBH
ReLU6 % sk 24 ReLU BOF R, MR M 42
7 2.81 ANE > iz hard-Swish B0E B A E ReLU
WG R, MR RIE R 3.23 MES A ERE—
MR RN 4% 828 F] hard-Swish BUR s, H4A
¥R H ReLU6 U s AL, MRS HER 248 51 3.65 1N H 7
Mo BRI 2R KE, BeA KM hard-Swish

ReLU6 i pR A nT LAR 42 s B e fff 2, 30 1 Y
PaTEEYE, BASEIANZ RIS S
2.2 F&E. Dropout F L2 IEM{LITHEE 4 GEBZNG
AT UERAYE 5% %5 . Dropout A1 L2 1E N4k X £ s st
BIUER R B G EEAE, ¥ Enhanced VGG16 M%% 5
Enhanced VGG16 * A 7% 22 4514 . Dropout JZ8¢ L2 1E
ML R Z AT LG . IRIGLE R WNE 2 Fiw, FRELEM
S R HE R AR AR VE R R R e 2.38 A1 1.7 A
4 R, AFRE S ] LY 2 MB. f# [ Dropout 21 L2
D"HJc, VI ZREEHER R AR AR R R 2 AL R 0.864
333 NED AR 2264 3.41 DNE . FREG BIRE
BE A LT T 2 MB, {H 2 AR i A 2R KR P2 i o
Dropout JZ A1 L2 IEMMLEIIIN , Jnss 7R 17z AL Rg
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Table 1 Performance comparison of four different activation
function strategies %
S IR % MR R
Activation function strategies Training set Test set
accuracy accuracy
£ H8R P ReLU i B 4L
All by ReLU activation function 97.34 o479
AR ReLUG6 % B4
All by ReL U6 activation function 96.37 97:60
43K hard-Swish B iR £ 98.12 98.02

All by hard-Swish activation function

1545 ReLUG6 Al hard-Swish #4037 b6 31
Combination ReLU6 and hard-Swish 98.98 98.44
activation functions

#F2 KRMILZE. Dropout #1 L2 IEN T AHERI M GERZ T
Table 2  Effects of removing residual, dropout and L2
regularization on model performance

B st e R
ik Space of Number of Training set  Test st
Methods weight trainable Zilgi?aé’c;e aciirzzy
6
/MB parameters/10 % %
e % No residual 88.6 11.6 96.60 96.74
7 Dropout /7 90.6 118 98.12 96.18
No Dropout
JE L2 IENfk
No L2 Regularization 0.6 138 93.65 93.03
s it
SHIRH) VGG16 90.6 11.8 98.98 98.44

Enhanced VGG16

2.3 1EBUMEEXTEE IR LS

RIE— PSR BT O A A S 2 ROR, FEAH
[FHRE0 261 N 5 AR 5 FhE HGFME W48 1547 % L o
MR 4 Frow, fEBLAY HERR 2 Y 8T T, Enhanced VGG16
WX AT K Z7E 40 /™ epoch JE & T ISk, 7EpTA R
WSO FEAL T AT 51, BEAE BRI 18] I 5 He B8 N AL 75 1)
iR, [A°N Enhanced VGG16 M4 #i %42 F T Dropout.
L2 IERMEEAR, IRt 72 R MR AR HEmf 2R 0 B B/ o

MR4EL 3 nI %0, K24 Enhanced VGG16 M5 4578 iz A
TIRELRFAE LN F IR, PERESEAF K hard-Swish
ReLU6 &A%, AT ATE VNSRRI b HERR 2K 70 51
L F] 98.98%F1 98.44%, NZRAEMERZE S AlexNet.
VGG16+ ResNet50. InceptionV3. Xception FHXTEL 737l
PE1m 3,77+ 3.08. 1.57. 8.79 1 2.13 N 4 s, MALEHE
% 5 AlexNet. VGG16+ResNet50- InceptionV3. Xception
AT LA BI$E S 3.274 2.054 1,77+ 3.75 Al 1.22 AN FE 4 A,
WA T e SRR R e 2, R R T
Tl AL AR A EE R 8] 5 0] I 2523007 1, Enhanced VGG16
) 285 A5 2R YA SR P 38 T A 5 10 26 2 4 i A 2R Ak SR R T
2, AR ZS [N 90.6 MB,  AJYIIZRS 0N 11.8x10°,
PN HABGT LAY, 5 T30 8 A2 A Bl v AN S &
H1. Enhanced VGG16 M £8 BALF- 1 P AFERS 55.32 ms.
ML 25 RMSprop, $52pR%CH categorical
crossentropy, Batch Size F12% >3 474 4 F10.000 01,
BE A BB, = ) R RKE R 10%. 5
Xception BIAUAHEL, BEZ[H T 68.4 MB; R4

VGG16 BERIFILL, Ik R 2R AR AR TR 2R 43 73 3
1 3.08 F12.05 NE 7 A, AETEE T 165.4 MB, “F
TRFRFE T F% 2.18 ms.

2k EATR, ASCHE ) Enhanced VGG16 W 48 F 74 £
HUEReRA, X T HARS BB AN, RiEE
Tzt SR RE S, MU SRR s, HAL
HEE R, BHBEELR&T, EHEEE, B
RITTSEMERLE N A . AR R 12 T ResNet50 Al
Xception, {HJ# & SR PEZESR, 17 L0 A 70 Z8 T 55t
B 8] B R AN

100

Xception mearten
e

90r
80
70+ |

60+

WA 2 Accuracy/%

50F

40t

30 !
0 20 40 60 80
RSN Epoch

a. WIERBEHER AR b th 2

a. Accuracy curve of the training set

100 - Xcept{m Enhaicf_(,i_ VGG16

ook
“T—AlexNet

80} \

- VGG16

60

50t “NResNet50

HEHH 2R Accuracy/%

40r 4 'i
30F InceptionV3

0 20 10 60 80
YAt K Epoch
b. PR A AR 1 2
b. Accuracy curve of the test set

B 4 AR feahEstb

Fig.4 Model accuracy comparison

®3 REMREXEER
Table 3 Performance comparison of different models
WIS NggEdE MR

e ] iy T~ IO S oplEwsding
[t Space of Bl Eﬁﬁ_ s Average
- Number of  Training  Test set .
Models weight . detection
/MB trainable ] set accuracy time/ms
parameters/10° accuracy/% 1%
AlexNet 164 21.6 95.21 95.17 62.15
VGG16 256 33.6 95.90 96.39 57.5
ResNet50 180 235 97.41 96.67 52.81
InceptionV3 167 21.8 90.19 94.69 57.25
Xception 159 20.8 96.85 97.22 53.86
Enhanced
VGG16 90.6 11.8 98.98 98.44 55.32
3 & B

1) ZA&3CizH hard-Swish 1 ReLU6 HUiG R %, 7=
i, Dropout. L2 IEMALEERIAR, X VGG16 MY
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HEAT 2 (B MRk DL S S5 44 R %, $2H T Enhanced VGG16
WL AR AL, T3 2 i S AR, DT e A G T AR
T RERS 2 0N TARFE T, $ s B AL Al 43 25 e
71, BRAK T LS IR B 3 [A),  HEAE s - Edm 4R 3k AT
IAF. 45K, Enhanced VGG16 WL REALLE | ZREE A
MR 2E EL VGG16 435l m 1 3.08 F12.05 M
Gy, BLEZEA R 1654 MB, PR AL T
2.18 ms, HEIAYPEREEERT.

2) FEMENA %M T, 5 AlexNet. ResNet50.
InceptionV3 . Xception #F 47 X EL i 56, A SCHE H 1)
Enhanced VGG16 [ 25 4578 I 052 #E i 22 40 LL T U B
I Xception $&m 1.22 NES A, AEZEFF 68.4
MB, Y Zrid F r AERG R s BN o PR MR Re B o

RVFET VGG16 AR, 7873 SO A SRR 5
AG T HER R S BEZSEVN, 5 T8 E A RS v A ik
NI H T 2 i b o AR o I T TR T R
AT SR SR AR TARYE, [ AT A AR AR AR
m AR AE S, Hl TR 2 M 40, @&
TEE—E M 2 Ab . —RME M 2, AR
YRR FR 4 AP T 2 80 TT, o mas s Y () FH
Ja BAKE S ol 2Rt 2 S Rl S8 RO S e Y 10 AR
F it AP 4 AR BTSSR B ORE B R e v i )
FARPESCRE . R SO AN i A A F N AR
WhH—EBMUCE, RIMEBER TR, AR A
B SR D RN AR R, SRR S .
AR ORISR R R, R PR B i A
oy FKfle — M HA RIS .

(& £ XX #l

(11 R, B ok 2 BRI TRt R e (1], 235¢

MAEF, 2015, 33(2): 158-162.
Xie Feng, Zhong Haiyan. Advance in research on extraction
and function of polyphenols from camellia oleiferall].
Non-wood Forest Research, 2015, 33(2): 158-162. (in
Chinese with English abstract)

[2] WHESE, T8, EECE 2014—2018 S R E SR H T
X R RIS [T]. BRI E 25, 2019, 44(12):
152-153.

[3] Lin X, Peng Q, Lu H, et al. Leaf anatomy of camellia sect.
Oleifera and sect. Paracamellia (Theaceae) with reference to
their taxonomic significance[J]. Journal of Systematics &
Evolution, 2008, 46(2): 183-193.

[4] PiE, Peng Q, Lu H, et al. Leaf morphology and anatomy of
Camellia section camellia (Theaceae)[J]. Botanical Journal of
the Linnean Society, 2009, 159(3): 456-476.

[5] WIREB AR A AR T PMEZE. IR IR el b 2K A R 2R

BB FT[T]. BB ST, 1985, 3(1): 1-26.
The Cooperative Grop for the Study of the Camellia
Oleifera Types in Hunan. The classification of camellia
species in huinan and the study of its classic types[J].
Non-wood Forest Research, 1985, 3(1): 1-26. (in Chinese
with English abstract)

[6] XUEH, 5KWNFE, Phishs, & 5T U0 leNet-5 (E IR
R M U], SR IR AR, 2020, 41(6):
76-80.

Liu Zhiyong, Zhang Lixiu, Zhong Tingting, et al. Study on
tomato pest identification based on improved LeNet-5[J].
Journal of Gannan Normal University, 2020, 41(6): 76-80.

[7]

[8]

[10]

[12]

[13]

(in Chinese with English abstract)

FARTT, T FT IR S 52 I I A A0 5 7>
2K7]. AR LAEZR, 2021, 37(4): 199-207.

Wang Dongfang, Wang Jun. Crop disease classification with
transfer learning and residual networks[J]. Transactions of
the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2021, 37(4): 199-207. (in
Chinese with English abstract)

Selvam L, Kavitha P. Classification of ladies finger plant leaf
using deep learning[J]. Journal of Ambient Intelligence and
Humanized Computing, 2020(5): 1-9. .

BEWNG, VR, HECSE, & B TR I MUt CNN
D881 2] P B AT R [0, Ak TRE2EAR, 2021, 37(6):
151-159.

Fan Xiangpeng, Xu Yan, Zhou Jianping, et al. Detection
system for grape leaf diseases based on transfer learning and
updated CNN[J]. Transactions of the Chinese Society of
Agricultural Engineering (Transactions of the CSAE), 2021,
37(6): 151-159. (in Chinese with English abstract)

Waheed A, Goyal M, Gupta D, et al. An optimized dense
convolutional neural network model for disease recognition
and classification in corn leaf[J]. Computers and Electronics
in Agriculture, 2020, 175: 105456.

Lu H, Jiang W, Ghiassi M, et al. Classification of camellia
(Theaceae) species using leaf architecture variations and
pattern recognition techniques[J]. Plos One, 2012, 7(1):
€29704.

Frevi, 5635, ki, 45 HETZRMERSA LightGBM
HI&EE M R, TLRRlA3), 2021, 37(1): 155-162.
Chen Shudi, Cai Qinqin, Zhang Xun, et al. ldentification of
anoectochilus roxburghii strains based on multi feature
fusion and LightGBM[J]. Jiangsu Journal of Agricultural
Sciences, 2021, 37(1): 155-162. (in Chinese with English
abstract)

Cover T. Estimation by the nearest neighbor rule[J]. IEEE
Transactions on Information Theory, 1966, 14(1): 50-55.

Rish 1. An empirical study of the naive bayes classifier[J].
Journal of Universal Computer Science, 2001, 3(22): 41-46.
Shlien S. Multiple binary decision tree classifiers[J]. Pattern
Recognition, 1990, 23(7): 757-763.

Platt J. Sequential minimal optimization: A fast algorithm for
training support vector machines[J]. Advances in Kernel
Methods-Support Vector Learning, 1999, 208(1): 212-223.
Breiman L. Random forests[J]. Machine learning, 2001,
45(1): 5-32.

Arel I, Rose D, Karnowski T. Deep machine learning-A new
frontier in artificial intelligence research[J]. IEEE
Computational Intelligence Magazine, 2010, 5(4): 13-18.
Tavakoli H, Alirezazadeh P, Hedayatipour A, et al. Leaf
image-based classification of some common bean cultivars
using discriminative  convolutional neural networks[J].
Computers and Electronics in Agriculture, 2021, 181: 105935.
Zhou H, Zhuang Z, Liu Y, et al. Defect classification of green
plums based on deep learning[J]. Sensors, 2020, 20(23): 6993.
Majeed Y, Zhang J, Zhang X, et al. Deep learning based
segmentation for automated training of apple trees on trellis
wires[J]. Computers and Electronics in Agriculture, 2020,
170: 105277.

Jia W, Tian Y, Luo R, et al. Detection and segmentation of
overlapped fruits based on optimized mask R-CNN
application in apple harvesting robot[J]. Computers and
Electronics in Agriculture, 2020, 172: 105380.

Liang C, Xiong J, Zheng Z, et al. A visual detection method
for nighttime litchi fruits and fruiting stems[J]. Computers
and Electronics in Agriculture, 2020, 169: 105192.
Krishnamoorthy N, Prasad L, Kumar C, et al. Rice leaf
diseases prediction using deep neural networks with transfer



%10 3

Par
Ay iR

3T Enhanced VGG16 HIHIZs &b 202

181

learning[J]. Environmental Research, 2021, 198(11): 111275.

Recognition(CVPR). Las Vegas: IEEE, 2016: 2818-2826.

[25] Nandhini S, Ashokkumar K. Improved crossover based monarch [30] Chollet F. Xception: Deep learning with depthwise separable
butterfly optimization for tomato leaf disease classification using convolutions[C]//Proceedings of the IEEE Conference on
convolutional neural network[J]. Multimedia Tools and Computer Vision and Pattern Recognition(CVPR). Hawaii:
Applications, 2021, 80(12): 18583-18610. IEEE, 2017: 1251-1258.

[26] Krizhevsky A, Sutskever I, Hinton G. Imagenet classification [31] B&HL, skpgse, BUi%, 25 3T 0 ResNet KR4
with deep convolutional neural networks[J]. Advances in Neural EIFHEIIFI. P ERHLER, 2021, 42(4): 92-98.
Information Processing Systems, 2012, 25(2): 1097-1105. Lii Mengqi, Zhang Ruixiang, Jia Hao, et al. Research on seed

[27] Simonyan K, Zisserman A. Very deep convolutional classification based on improved ResNet[J]. Journal of
networks for large-scale image recognition[J]. Computer Chinese Agricultural Mechanization, 2021, 42(4): 92-98. (in
Science, 2014, 34(2): 14099-1422. Chinese with English abstract)

(28] He K, Zhang X, Ren S, et al. Deep residual learning for [32] Srivastava N, Hinton G, Krizhevsky A, et al. Dropout: A
image recognition[C]//Proceedings of the IEEE Conference simple way to prevent neural networks from overfitting[J].
on Computer Vision and Pattern Recognition(CVPR). Las Journal of Machine Learning Research, 2014, 15: 1929-1958.
Vegas: IEEE, 2016: 770-778. [33] Howard A, Sandler M, Chu G, et al. Searching for

[29] Szegedy C, Vanhoucke V., loffe S, et al. Rethinking the mobileNetV3[C]//Proceedings of the IEEE/CVF International

inception architecture for computer vision[C]//Proceedings of

Conference on Computer Vision(ICCV). Seoul: IEEE, 2019:
the IEEE Conference on Computer Vision and Pattern

1314-1324.

Classification of Camellia oleifera based on Enhanced VGG16 network

1,2

Meng Zhichao', He Leiying'?, Du Xiaogiang'**, Zhang Guofeng'?, Yao Xiaohua®, Wu Shunkai', Guo Haojian'

(1. Faculty of Mechanical Engineering & Automation, Zhejiang Sci-Tech University, Hangzhou 310018, China; 2. Key Laboratory of
Transplanting Equipment and Technology of Zhejiang Province, Hangzhou 310018, China; 3. Research Institute of Subtropical Forestry,
Chinese Academy of Forestry, Hangzhou 311400, China)

Abstract: Camellia oleifera is one of the four largest woody oil plants in the world. There are the largest planting area and
yield among all woody oil plants, most of which are distributed in more than 1 100 counties and cities in 18 provinces of
southern China. Various kinds of Camellia oleifera cultivars have emerged in the market, particularly with the continuous
development of Camellia oleifera industry in recent years. Therefore, a rapid and accurate classification can be urgent to
identify the different varieties of Camellia oleifera. Deep learning can also be expected to serve as a promising way for
classification, due mainly to the strong performance in many operations, such as classification, detection, and segmentation.
Although the VGG and ResNet network models have been commonly used for the classification in agriculture, some
limitations still remain, such as too large weight space and low accuracy. In this study, a systematic classification was
performed on the image of Camellia oleifera plant leaf using the enhanced VGG16 network. Four cultivars of Camellia
oleifera were selected to test, including the Changlin No. 3, No. 4, No. 40, and No. 53 taken from the National Camellia
oleifera Seed Base of Dongfanghong Forest Farm, Jinhua City, Zhejiang Province, China. An Epson Perfection V30 scanner
was used to collect the data set of the Camellia oleifera leaf images with a clear texture. 1800 images were obtained for the
four Camellia oleifera varieties each. The training set and test set were then divided into the proportion of 3:2, where the
training set was 4 320, and the test set was 2 880. Some operations of data enhancement were performed on the image during
training, such as brightness adjustment, and random enhancement. The Enhanced VGG16 network was constructed using the
hard-Swish and ReLLU6 activation function, Residual block, Dropout, L2 regularization, the inter-layer deletion, and structural
adjustment for the VGG16 network model. The performance of Enhanced VGG16 network model was then evaluated to
compare with the classical convolutional neural networks (AlexNet, VGG16, Resnet50, InceptionV3, Xception). The model
was also trained and tested on the sampled Camellia oleifera data set. More importantly, the hyperparameters dominated the
model training and performance. The test optimizer was selected as the RMSprop optimization, while the loss function was
categorical_crossentropy, as well as the Batch Size and the learning rate were 4, and 0.000 01, respectively. Furthermore, the
learning rate was reduced to 10% of the original, if the accuracy of two epochs training sets remained the constant, as the
number of iterations increased. The epochs were set to 100, while the training stopped in advance, if the accuracy of the four
epochs training set remained. The results show that the accuracy of the training and test set of the Enhanced VGG16 network
model were 98.98% and 98.44%, respectively. The average detection time of a single image was 55.32 ms, and the space of
weight was 90.6 MB. The accuracies of validation and test set were improved by 3.08 and 2.05 percentage points, respectively,
compared with the original. The space of weight and the average detection time were reduced by 165.4 MB and 2.18 ms,
respectively, indicating the better performance of the enhanced model. Additionally, the enhanced VGG16 network model
performed better in the classification of the Camellia oleifera leaf, and was much easier to deploy in the mobile terminals and
embedded devices, compared with AlexNet, VGG16, Resnet50, InceptionV3, and Xception networks. The Camellia oleifera
leaf data set can be further expanded to enhance the images at different growth stages, in order to overcome the interference of
light in the unstructured and field environment. This finding can also provide promising technical support for crop species
identification.

Keywords: deep learning; Camellia oleifera leaf; classification; Enhanced VGG16; hard-Swish; ReLU6
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