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Abstract: It needs a large number of training sets with annotation information to classify microstructure images
of steel materials by deep learning. To solve the problem of low efficiency of manual image annotation, a new
semi-supervised learning method combining self-organizing incremental neural network and graph convolutional
neural network is proposed. Firstly, it uses transfer learning to obtain the feature vector set of images.
Secondly, it obtains the topology structure by adopting the Weighted Self-Organizing Incremental Neural
Network(WSOINN) based on connection weight strategy to learn feature data, and manually annotates a small
number of nodes which are selected by the number of victories of node. Then, a Graph Convolution Network
(GCN) is built to mine the potential connections of nodes in the graph, dropout is used to improve the
generalization ability of the network, and the remaining nodes are automatically annotated to obtain the
classification results of the metallograph. Experiment on the metallographic data collected from a state key
laboratory, the accuracy of automatic classification under different manual annotation ratio is compared. The
results show when the image annotation amount is only 12% of the traditional model, and the classification

accuracy of the proposed model can reach up to 91%.
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{to, = 0, ty, = 0},

(2) BEMCH I NFEARE € RY, AR4ERK L H15
WH TRV o 5T 1 misi sy, His) =
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FEOTTEA B, AORUERSFE R IRz 5L, ey
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FAFZE T AT RARER 0.3 ANEID, Wina [
RN AR S E AR IERE B, HAce_wi
T IR PEFIRBCE BRI, Ace r2BENLIESE
T RARERI R AT

(1) 55 4% BT A5 R B0 #2715 bR VEAR EE
BEATLIZE 6795 s bR v 3 BRI AR 15 A B B ARV B 1
W%, H B SRR AR R, 2B SR
RBOE BT bk B A FE s

(2) TR bRy 7, BT RS S, F
R EBRER R T Y, HAE R ST S
N, EBSE AR (RN ), T SRR R

RyEFRL, EIUEE S AMHE 5 KM% S
p = 10%, Wiax = 2, HETTSE n =294, a = 324,
2 T RUPER CBOE BT RUbRE 4k S8 58 S SR S5

® 1 FEER0IN, TEp, W ETHETRRIRE

I/Vmax7 p
20, 100% 2, 10% 15, 45% 10, 5% 4, 30% 17, 70%

n 286 294 300 308 440 474
a 720 324 734 688 640 946
Acc_w(%) 85 93 84 90 89 88
Acc_r(%) 70 81 80 75 88 85

3.3 HTRBAMRERE

ET LR, #58 5WSOINN-GCNE A M [
SRR H H S - A B A N 4 (WSOINN-
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(1)BEE T bR E R IG 0, 75 82 (RS i #
241, WSOINN-GCN A8 B AL T WSOINN-
MLP, 495 SbriEF N0.30F, A7 E& R n1k93%,
MG FH A N86% . XK N GON 235 & BT 11
ARG S, ARz AR 1, TMLPIZkid
FE— EAE BT R AL RE, HOCEH BT s (Al
R

(2)%F TWSOINN-GCNTiI 5, 477 bR 4%
kB (<0.4), A Dropouttt & A Dropoutf 5 4f
PIPERER I ; 97 RibriFE Z S, Dropout<xf#
RGCN H SR VERG B o X2 RN S AR 7 R AR
I, EFRTERTT SRR MR, HE P EIEEARE
VA, GON G CARiEM T st A, B
FiDropout 238 I AL vz AL BE 77, T 245 bRvE
I, CARERT AF RS RmaARRE, I
Z GONZREUHT 14085 B, i f# F Dropout
IEMAE A A AR I, PR A 1 R .

(3)%F FWSOINN- MLPTfi 5, T AbriE
/b, fFHDropout sKHEHE— BEL3E = HAE .
NMLPASRE S & i A RBE S, 5 ki
H IS, DropoutfE—EFEEE L RETVRAMNX —BRFE .

® 2 TENSRERBERTRAT R BIREREE (%)

WSOINN- GCN WSOINN- MLP

3.4 SHEDEREE

Fe3FNVEEAF T AR T BT A A0 H 35
HNERE s FTAFNHE T T SFREZFRN0.30, A [FZE )
G AH B R R A Rl R, a4 I (1) 95 4
PRERER S, SAHEENSREREE FAHES,
{H X T 249710 mbr ik %L #0.66F, WSOINN-
GCNAMWSOINN-MLP [ R ¥ 76 v 7 4% =
(2) BB AR S AR A B R B, R R AR
74%, DIRHREE s, BERFERR, FELXIR
A, JRE AR VGG163%5 2 B At 5 /1 B
AIE, AELAR o IR ot P~ S50 45 2% 5 B AR R K B 4 A
VGG16TCiEHE— 2 SRR X 73 FFAE -
3.5 FMERNTSES

5N T IRBE30% LBl bR, AFE M
BE 2 IRERE . (EAEIAEE T B Il 2R 8] A

*® 3 TRTARERBEATHEEHE D LHEE (%)

T PRI (rate) WSOINN-GCN WSOINN- MLP
A Dropout FDropout % Dropout FEDropout
0.1 81 81 74 79
0.2 88 87 81 80
0.3 91 91 82 81
0.4 92 91 89 85
0.5 92 92 88 92
0.6 90 94 90 92
0.7 90 94 89 92

4 PBEARERRFIA, FEIXHEHEER

TR rate) # Dropout JiDropout £ Dropout JDropout BHESBEZE(%)
0.1 83 80 7 76 S AHEZE KA RERCIES
0.2 89 88 82 81 TR 90 92
0.3 93 93 86 84 RRBRAR 5% T I A 93 93
0.4 95 92 91 90 Btk 99 92
0.5 93 94 91 90 DURAR 93 73
0.6 97 99 97 97 FZE U 100 100
0.7 97 99 99 97 Fe B R T TR 74 97
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F 5 REFE%ARE, TRERIGENMBERBRTEYR
VGG-ICAM SOINN MLP WSOINN-GCN WSOINN-MLP
N LhRiER(7K) 730 730 730 88 88
ISR 8] (min) 240 1 1 2.5 2.5
IHKEE (%) 74 39 51 91 82

NTLrFErmERGEE. e HREdEE, 31
SCHR(11], 58 TIREGAMEVGG-ICAM, AriE
30% M G B FE A T 2., T BT A R A
SOINNJEHVGG16E R HIRIUERE, FIVGG-
ICAMABRTESO%AE A TR %3], BJaHETRIK
PR B W BT G EdiE s MLPSEH VGG 1648 B
fE, RIGHEEWETHIRI KA, RESO%AEA
M1 g, MpfraH4A; WSOINN-GCN,
WSOINN-MLPHWSOINN S g REA G, %A
JERRBGEBE30% T sibriE, FIGCN, MLP H shbriE
TR, BUEIETRRICHE 228 EHG £ .

FHR5A L. 2 RIERE30% 57, WSOINN-
GCN, WSOINN-MLP T % I\ A 2= A HAth
TEM12%; I a L, BT VGG-ICAM
R T 99%, METSOINN, MLP SR ikt in 1l
SR ], (HRE KRS, BA MBI

#6525 7 A B R KR EILRI90% A L,
VGG-ICAM, SOINN, MLP, WSOINN-GCN,
WSOINN-MLPFT /5 f9N Lhr i $g K I 2RIt 1] .
AW, WSOINN-GCNRT i AN LhriE &N
VGG-ICAMH5.6%, SOINN, MLP#)5.2%, Hill
SN T A8 T VG G-ICAM K & 48 6k -

R 6 DABEILEI0%, FEFEMENIREERIIZAEE

VGG-ICAM SOINN MLP WSOINN-GCN WSOINN-MLP
N ThriER(7K) 1580 1702 1702 88 115
YIZRT ] (min) 420 1.5 1.5 2.5 2.5

4 2518

(1) % X B 22 21 A G B0 v TR S 1 i)
W, EA AN SRR, AR R
FI2T HALAHEE-EEHRMPE M % (WSOINN-
GCN) 2 B 22 2] ik It 5] NIERERUE Kok
Bt E U E 4 (WSOINN), MBS
BIgE Ry, FEH IR B B FR AR SR IR Bk
oy S TR, TS R E G E (GON) 2
B A SRR, B A Dropout 1E WAL T B
5 Adam FIEXN GONZHAT M SHF, B 3bRE
TR HAS R, IR TR &k A 34K e
B, g5 RERIZER BA T,

(2) X M [ 5K A S =5 49 4 - AU
IR BN A RO H S R REAS,  HRiE T AN
SRR . A Dropout WERIRIELNN, 45 R %
By . BEE SRR N, WSOINN-GCN 5
WSOINN-MLP# A G B #f 2= 38im,  HLar#PERe
BRTIEH, HISbRERN03K, RIS E A
1593%, TIE#HINN86%; X TFWSOINN-GCNT
T YRR R BER (0.4), & A Dropoutth
F A Dropoutd ELFHITERERBL; X T-WSOINN-
MLPM &, w1 SbriFEE 2/, ffHDropoutif
W Be — B3 R R .

(3) SHLA BN AR B 3L A W B 2% 2] B Al
b, AR ST HH I WSOINN-GONRE R A 2 v 7
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B . £ MR REREUCAVGGEAL G 2
SRR I12% 0, iR AL SR RS B vy, 02k
HERG S R 91 % 763 B [ 1 23 2845 FE 90 % B
N TARE RIS )5.6%, [FIFRIE 780K
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