32 5 ,2019 9

Vol.32 No.5, Sep. 2019 JOURNAL OF NINGBO UNIVERSITY ( NSEE )
N 315211
, CaffeNet  ResNetl0
R 94.97 96.69
: TP391.4 A : 1001-5132 2019 05-0036-06
, [7]
[1]
> vegFru
Dataset™® ,
R 2
(D) =l
, IBM R
Veggie Version [3], s . s
, (
) @ . , [6-7]
[4] 1
1.1
[5] , ,
, [6] , : ,
1 2018-12-11. : http://journallg.nbu.edu.cn/
: 2012BAH67F01 U1301257 ; LY 17F010005
1993 ., S s : . E-mail: julal99@163.com

* : 1970 ., N N : . E-mail: wxd@nbu.edu.cn



5 , 37
(1) ; 2
Ando !
I _ -1 l / ’
Xj—f(.z Xi *KU+bj]’ () svD-AsO
teMj
, 1 X, J ’
s f ; K ;
o ImageNet
J 5
/ )
b
2 ,
’ 1.3
9 2 ’
1 . ,
CaffeNet ResNetl0 2
91
2 , ’
' (Back Propagation, BP)!"* ,
1.2 , softmax
I 4
B3
Shie 1% ImageNet —
¢ ] [
5 C S | .
s H bt 4 Ll =
L 1 LSS
_ Xje U1 [ e B@EM2
v ]
’ o
s —'C”'—'C s_.cHs_.%|_-
HiRgcsE | R ! =
, J2URSE (el
, 1
2 2 ,
5 Dal [12] s ]
TradaBoost , Boosting 2 , Ex; Ex,.

2 CaffeNet R



2019

38
, Cl Fc7
Ex; 512
, Ex,  softmax s
15, 2
, Fc7
FC7 XFc7 EXI B
XExl EX2 N
.2
‘X'Ex1 = f(XFc7 *I<Ex1 p +BEX1 )’ (2)
KVEX1 P =I<Ex1 P, (3)
‘X'Ex2 = l//(XEXI * 1<E)(2 + BEx2 )’ (4)
f  ReLU ; ¥ softmax
> KExl KEx2 BExl BEx2 2
?3) Dropout ) p
Ex; ,
Cl :
| ' CaffeNet FiE#
© BICI~FeTHHE
S1
'
l
Fc7(4096)
R HERRZ
Ex,(512)/Dropout
: I 5
' | Ex,(15)/SoftMax |
2 CaffeNet
(
),

0.000 1 ,

1.4

15

224%224

vegFru Dataset,

15

15

(©

LeCun
0~9
60 000

1 (d) 2

3
4:1 ,
, HSV
1600 , 400 .
MNISTH*
. MNIST Yann
250 s

10
10000

png



39

400

1600

(Convl)

il

(Pool5)

(MNIST

Convl

28x28),

224x224,

, Pool5

>

1.5

ImageNet

[15

Caffe

2.2 MNIST

(SGD)

ResNet10

MNIST

0.001.

ResNet10

87.54

ReLU

AVE pooling, MAX pooling

96

=0.9

SGD, Momentum:

97.53

0.50, 0.39

Dropout

)

(98.8

[14]

50

2.1

4  CaffeNet

IFEENANER ANENRARE
11 " "
HENNNEEEEN : DNNNANNEEN :
ENSNENNNIN - NENNEANEEN
I J
SINREERNEE ENENEEENEN
ECEAENNEEN - NENSDEEEEN
Nt 1 |

Convl
Convl

—
—~ o
o B ~




40 2019
0.99 1 LI LITTTY
.‘...o“.unoun..o'“'oou"""o“““ ® CaffeNet, 2
050 L T T (94.15 ), ResNet10,
" ..' Ll L T )
0.70 ] .‘.“. b}
b
% 060 (96.38 ).
= ;
& 0.50 aat , ,
040 F F ,
0.30F j ImageNet , [5] ,
020F o
i ® ResNetl0 .
0.10 I_..l..: e K
0‘00 1 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50 [7] ,
BRI E
5 ResNetl0
2.3
2 s
Raw-reTrain  Aug-reTrain
2 %
CaffeNet ResNet10 ,
Raw-reTrain 54.21 56.93 R ,
Aug-reTrain 75.47 82.07 ,
FT 93.93 96.20
3
93.62 96.38
94.15 95.72
[6] 93.72 95.82 ,
93.32 92.38 ,
92.97 - )
[7] 94.17 96.40
94.97 96.69 ,
: Raw ; Aug JFT
2 )
_ResNet10 [11 Gu H, Wang D. A content-aware fridge based on RFID in
96.69 CaffeNet 172 smart home for home-healthcare[EB/OL]. [2018-08-28].
) ’ . ’ https://ieeexplore.ieee.org/document/4809580.
CaffeNet ResNet10, . . L .
[2] Sharma A, Paliwal K K. Linear discriminant analysis for
the small sample size problem: An overview[J].
2 [6] International Journal of Machine Learning & Cybernetics,
CaffeNet ResNet10 2014, 6(3):443-454.



41

[3] Bolle R M, Connell J H, Haas N, et al. Veggievision: A
produce recognition system[EB/OL]. [2018-08-28]. https://
ieeexplore.ieee.org/document/572062?arnumber=572062
&tag=1.

(4] ; ; . [J].

, 2015, 26(1):26-39.

[51 Yosinski J, Clune J, Bengio Y, et al. How transferable are
features in deep neural networks?[EB/OL]. [2018-08-28].
https://www.researchgate.net/publication/268079628 How
transferable are features in_deep neural networks.

(6] , ~

. , 2018, 38(5):1304-1308.

(7] , , -

. , 2018, 39(1):224-
229.

[8] Hou S, Feng Y, Wang Z. VegFru: A domain-specific
dataset for fine-grained visual categorization[EB/OL].
[2018-08-28]. https://ieeexplore.ieee.org/document/8237328.

(9] ; , .

1. , 2017, 36(8):

56-59.

[10] Shie C K, Chuang C H, Chou C N, et al. Transfer
representation learning for medical image analysis[EB/
OL]. [2018-08-28]. https://www.researchgate.net/publication/
308298066 Transfer representation learning_for medic
al image analys-is.

[11] Xie M, Jean N, Burke M, et al. Transfer learning from
deep features for remote sensing and poverty
mapping[EB/OL]. [2018-08-28]. https://dlacm.org/citation.
cfm?id=3016457.

[12] Dai W, Yang Q, Xue G R, et al. Boosting for transfer
learning[ EB/OL]. [2018-08-28]. http://citeseerx.ist.psu. edu/
viewdoc/summary?doi=10.1.1.76.7577.

[13] Ando R K, Zhang T. A high-performance semi-supervised
learning method for text chunking[EB/OL]. [2018-08-28].
https://dl.acm.org/citation.cfm?id=1219841.

[14] Mohapatra R K. Majhirning in feedforward neural
network[J]. International Journal of Multimedia &
Ubiquitous Engineering, 2014, 9(8):149-156.

[15] Jia Y, Shelhamer E, Donahue J, et al. Caffe:
Convolutional architecture for fast feature embedding
[EB/OLY]. [2018-08-28]. https://arxiv.org/abs/1408.5093.

Vegetable image recognition based on transfer learning

LAI Peixia, WANG Xiaodong*, ZHANG Lianjun
( Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China )

Abstract: To solve the problem of lacking the labeled samples in vegetable recognition domain, a method for
image recognition based transfer learning is proposed. Firstly, raw data are expanded by the data augmentation
technique, then pre-trained models on the large-scale data sets are introduced to the target data set to train for the
base model, where initializing two additional adaptive layers is performed. This step is aimed to solve the poor
generalization performance caused by the transferred domain specific high-level features. Next, the final model
is obtained for recognizing vegetable images by adopting the fine-tuning method with several layers frozen.
Experimental results show that, based on CaffeNet and ResNet10, the proposed transfer approach reaches the
accuracy of 94.97 , 96.69 , respectively, and can effectively process small samples in vegetable image
recognition with higher accuracy and better robustness comparing to other transferring algorithms and the
conventional convolution neural networks.

Key words: vegetable image recognition; convolution neural network; transfer learning; small samples



