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Abstract: To improve the identification accuracy of exinite macerals in coal and avoid the manual intervention in the feature extraction
stage of classifier construction, the deep learning method was employed for the automatic identification of macerals of exinite in coal. Ow-
ing to the limiting of sample number of exinite maceral in coal, the classifier constructed with the conventional convolutional neural net-
work tends to be over—fitting and the poor generalization ability. To solve this problem, an identification model ( classifier), which is
based on transfer learning, was proposed. Based on conventional convolution neural network model, this method shared the weight parame-
ters of convolution layer and pooling layer with the pre—training network model by transfer learning, optimized the network model structure
and full connection layer parameters with samples of exinite macerals, and constructed a new deep learning network model for the maceral
identification of exinite of coal. The experimental results show that, compared with that of the conventional neural network, the transfer
learning based identification model proposed in this paper is more effective, and the classifier with VGG16 as pre—training network is of
best performance on this dataset, with identification accuracy of 98.10% for test samples; owing to the reduction of parameter number, the

training time is obviously shortened, and the convergence is achieved in a short training period with a stable identification accuracy, indi-
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cating that the classifier based on VGG16 as the pre training model has better performance in the identification of macerals of exinite in
coal, and is more suitable for the identification of small sample data sets. The proposed approach can be applied to classification or identi-

fication of other macerals of coal that also belong to small samples.

Key words : coal ; maceral ; exinite; transfer learning; convolution neural network
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Fig.1 Microscopic images of some exinite macerals under reflected light
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Fig.2  Architecture of VGG16 network
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Fig.3 Typical inception structure of Inception V3
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Table 3 Confusion matrix of F-VGG16 model

gl E(ERIRES fi Uik Wi Uik AR B T e f L EDAREN BRI
Lk A 15 0 0 0 0 0 0
T Bz A 0 15 0 0 0 0 0
Wit ik 0 0 15 0 0 0 0
A A 0 0 0 15 0 0 0
BT 0 0 0 0 13 0 2
s 5e ik 0 0 0 0 0 15 0
WA 0 0 0 0 0 0 15
*& 4 F-ResNet50 &R 5 5EPE
Table 4 Confusion matrix of F—ResNet50 model
Bl E(ERARES BIEDSIRE U Bk AR B T B A TR 72 T i B
ik A 15 0 0 0 0 0 0
BT 0 15 0 0 0 0 0
Wi ik 0 0 14 0 0 1 0
A TR 0 0 0 15 0 0 0
T B A 1 0 0 0 13 1 0
T s 5e ik 0 1 0 0 0 14 0
B 0 0 0 0 0 0 15

225



www.chinacaj.net

(3] SEAEFRHEREARZ R4 AT 485325 . GB/T 15588
2013[ ST dbxt. T EFRER A, 2014,

2022 4E55 11 # £ A F H K 55 50 %
& 5 F-InceptionV3 #E A HE iE5ERE
Table S Confusion matrix of F—Inception V3 model
Sl E(ERANES BIEDSIRE Wi B EN I T} B A e 7 ik A
kA 14 1 0 0 0 0 0
iy A 0 15 0 0 0 0 0
Wi Bl 0 0 15 0 0 0 0
A TR 0 1 0 14 0 0 0
T} Bz A 0 2 1 0 12 0 0
e JE Fe ik 0 0 0 1 0 14 0
BTN 0 0 1 0 0 0 14
LOr gy % N 1363.
08 §§ %§ §§7 FU Yanhong, LI Zhen, ZHOU Anning, et al. Liberation charac-
Z§ %§ §§ teristization of minerals and macerals in coal by using MLA [ J].
%0'6 %§ é§ %§ Journal of China University of Mining & Technology, 2017, 46
50.4 %§ §§ §§ (6) : 1357-1363.

F-VGG16 F-ResNet50  F-InceptionV3
A
Otk te Dbtk Npgrids OARTEE
B Wk B E i Ik

B8 & 41, AR AR A B3R 7l v 7 3

Fig.8 Identification accuracy on test samples for each component
4 &

1) 51555 (1) B3I 20 % B 2 2T I 2% (1) 5 15 A
LU, SR S 2 2 VI ZRATL i ) e e A5 75 G ) 28 24
A N, Hoh F-VGG16 BRFERT

2) K FAAS ) R AS R 3 47 3R A 24 2 | I 445 45
RITERE A Te R B 4 s a2 5%, H
H F-VGG16 5 RIS S 8 i e, 4R 3 o i L
xR,

3) 5 EZINGRM BRI 2 2 A e, AR SGE R
2 ) 7 3k e M AERE AR R ) o B R B 4R
F-VGG16F R [P 1] 35 98.10% , it HiAth
J1i, BT Llskk A% 5243 28 7 T A R AR SR B B 75
SRS IR SR A T I, S T s
FE A A 43 H SR )

2% Lk ( References) :

(1] T 4, 2% 35, ZRsrae MR H e o s R oe [ 1]
IR ,2009(S1) ; 1-5.
DING Hua, JIANG Ying, LI Wenhua. Study on pyrolysis of coal
and macerals concentrates [ ] ]. Coal Quality Technology, 2009
(S1): 1-5.

[2] M@, & 4k, 2T, 55 Behw o) 5w e o i s ik
1 MLA W58 [ T]. PG R4, 2017, 46(6) : 1357-

226

(4] FE=23e, B, 2T BEE RREH O TR 50 8 B XS
PRGN [ )], BERBEHAR | 2016(S2) : 197-201.

YAN Lanying, ZHAO Wei, ZHOU Anning. Effect of coal macerals
concentrated by flotation separation on properties of activated
carbon|[ J]. Coal Science and Technology, 2016(S2) ;197-201.

[5] BRIENA G O, GUB Y, ADAIRB B J I, et al.The use of optical
reflected light and SEM imaging systems to provide quantitative
coal characterization[ J |. Minerals Engineering, 2011, 24(12):
1299-1304.

[6] SKIBA M, MLYNARCZUK M. Identification of macerals of the in-
ertinite group using neural classifiers, based on selected textural
features[ J]. Archives of Mining Sciences, 2018, 63 (4) 827~
837.

[7] LIUM, WANG P, CHEN S, et al. The classification of inertinite
macerals in coal based on the multifractal spectrum method [ J].
Applied Sciences, 2019, 9(24) . 5509.

(8] EX:Z, XMy, TESCH:, . BT AR AR My 52 B2
TGS T]. A, 2018, 43(S2) : 641-645.

WANG Peizhen, LIU Jiemei, WANG Wenyan, et al. Classifi-
cation of macerals in exinite of coal based on contourlet transform
[J]. Journal of China Coal Society, 2018, 43(S2) : 641-645.

[9] E2, BFhi, £ &, % —F3F PCA 5 RBF-SVM 1)
o B BT TR 1], R, 2017, 42(4)
977-948.

WANG Peizhen, YIN Zihuan, WANG Gao, et al. A classification
method of vitrinite for coal macerals based on the PCA and RBF-
SVM[ J]. Journal of China Coal Society, 2017, 42(4) . 977-948.
[10] E¥E, ¥ &, X 2, % —FETHEY K PCA-
SLPP FHIEZS MIREAE ) 12 [ T]. LB K24 (A SR B2
J), 2018, 35(4) : 352-359.
WANG Peizhen, WANG Hui, LIU Man, et al. A method of
PCA-SLPP dimensionality reduction for feature space based on
manifold learning[ J]. Journal of Anhui University of Technology
(Natural Science) , 2018, 35(4) :352-359.



www.chinacaj.net

TR TR ) B 52 B 0 2l oy U R A 2022 4E55 1
[11] ER2, X1 =, £ &, % LT s R > o0 a0 Technology Press, 1996 212-229.

[12]

[16]

TR 432[ T B4, 2020,45(9) :3262-3268.
WANG Peizhen, LIU Man, WANG Gao, et al. Classification Ap-
proach for Inertinite of Coking Coal Based on an Improved
Extreme Learning Machine [ J/OL ]. Journal of China Coal
Society, 2020,45(9) :3262-3268.

KRIZHEVSKY A, SUTSKEVER I, HINTON G E. ImageNet cla-
ssification with deep convolutional neural networks[ C]//Interna-
tional Conference on Neural Information Processing Systems. New
York; Curran Associates, 2012; 1097-1105.

SIMONYAN K, ZISSERMAN A. Very deep convolutional netwo-
rks for large—scale image recognition [ C]//ICLR Cornell Univer-
sity,2015.

SZEGEDY C, LIU W, JIA Y, et al. Going deeper with convolu-
tions[ C]//Proceedings of the IEEE Conference on Computer Vi-
sion and Pattern Recognition. Boston; IEEE, 2015: 1-9.

HE K, ZHANG X, REN S, et al. Deep Residual Learning for
Image Recognition| C]//In Proceedings of the IEEE Conference
on Computer Vision and Pattern Recognition. Las Vegas: IEEE,
2016 770-778.

P B ER). o EREE R R ML TR
REEMRAL, 1996 212-229.

China National Administration of Coal Geology. Atlas for coal pe-

A A

trography of China[ M]. Xuzhou: China University of Mining &

[17]

[18]

[19]

[20]

(AT R, AR, 5T VR A ST K7L I A E P 1
AshsrK[)]. ISHLTR SN, 2018, 54(12) : 121-125.
HE Xueying, HAN Zhongyi, WEI Benzheng. Breast cancer his-
topathological image auto—classification using deep learning[ J].
Computer Engineering and Applications, 2018, 54 (12).121-
125.

FEfEdR, &, i, S EReE IR )].
4, 2015,26(1) : 26-39.

ZHUANG Fuzhen, LUO Ping, HE Qing, et al. Survey on
transfer learning research [ J ]. Journal of Software, 2015, 26
(1):26-39.

JEI RGNS, K o A A L T T ez S U I I

HLEER, 2017, 40(6) :1229-1251.

ZHOU Feiyan, JIN Linpeng, DONG Jun. Review of convolutional
neural networks [ J]. Chinese Journal of Computers, 2017, 40
(6): 1229-1251.

skt fLE, REFE, B BT UUE VGG B2 M 2%
PIRRAENT BRI R [T ], op ROk K222 ), 2018, 23
(11): 161-171.

ZHANG Jianhua, KONG Fantao, WU Jianzhai, et al. Cotton dis-
ease identification model based on improved VGG convolution
neural network [ J].

2018, 23 (11):

Journal of China Agricultural University,

161-171.

227



