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Abstract

The properties of steels are intrinsically dependent on their microstructural components, known as
phases, which form during the manufacturing process. Different steel phases can be observed in
microscopic images of steel surfaces. Automatic detection and classification of these phases from images
can significantly enhance the understanding of steel properties with improved speed and accuracy. This
paper introduces, for the first time, an intelligent and automated method for classifying steel phases
from microscopic images. This process requires defining and extracting suitable texture features unique
to these images and segmenting the images into highly irregular regions based on the extracted features.
To achieve this, the input image is initially divided into blocks, and texture features are extracted
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independently for each block. The dimensionality of these features is then reduced using Principal
Component Analysis, and the refined features are subsequently fed into a Softmax neural network for
classification.

The implementation results indicate that the proposed method achieves an accuracy of over 99% in
distinguishing between two phases: acicular ferrite and granular ferrite. Furthermore, it attains an
accuracy exceeding 86% when classifying three phases: granular ferrite, acicular ferrite, and
Widmanstiitten ferrite. This suggests that the widely used and conventional k-means clustering method,
as a traditional machine learning approach, is incapable of effectively distinguishing microscopic steel
phase blocks using extracted texture features. Notably, as of the writing of this paper, no prior research
has been conducted on the automatic classification of different ferrite phases, making this study a novel
contribution to the field.

In this research, an automated classification algorithm for ferrite phase structures in SEM images of
steel is proposed using texture feature extraction methods and machine learning models. The dataset
comprises images of 1024x768 resolution, which were divided into 128x128 blocks, with classification
performed independently for each block. Due to the limited number of blocks available for training
machine learning models, data augmentation techniques such as rotation and scaling were applied to
increase the dataset size. Various image processing methods were used to extract 128 texture features.
These extracted features were then used to classify different ferrite phases using two machine learning
models: k-means clustering and the Softmax neural network. Additionally, PCA was employed to reduce
feature dimensionality, which positively impacted the classification of granular and acicular ferrite.
While k-means clustering, as a conventional and widely used machine learning method, failed to achieve
satisfactory classification accuracy, the proposed approach using a smooth maximum neural network
demonstrated exceptional performance. Despite the complex and irregular nature of ferrite shapes, the
selected features and the proposed algorithm successfully achieved over 99% accuracy for two-phase
classification and over 86% accuracy for three-phase classification.

Keywords: Scanning Electron Microscope, Automated Classification, Steel Phases, Neural Networks, K-
Means Algorithm.
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(Figure-1): Electron microscope image of steel and the

phases of Granular ferrite (A), Widmanstatten ferrite (C),
Acicular ferrite (D)
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(Table-2): Simulation results for all proposed models for different features for two ferrites

s ROSTEs lgepdiolion
o <ds Hbzo Bl il CBS gy <ds CEd il B il 5lg CES (g e <ds
390! Ohigel <ds E3Te] o b 390! P390 390! bl
A FAA97. FAY OANYY. ISYSY 39 ,AA7. o f Vel a9, VAL
q. FAADY. OAY NZY §e AV, 33,4V, S Vel 93,457,
YA O+ OA. I OV YV, DAV, 33,4V, b Vel a9, Y¥F7.
S 8 dw iaaib gl sl gilwand S (Y- Jgu)
(Table-3): Simulation results for all proposed models for different features for three ferrites
. el (S Jgoddioion
Slaxi
o <ds Hbzo Bl il CES gy Cdy (il B il ylg CES (g yibe <ds
il SPigel eds il ol il il il e
A Y S s v OFNAY. OYAYY. AP N, YO AN YO, ADAS.
q. TYAFY FYY OY A, VS, AS A, < AY AAARY AAARY
YA VY. (2 INAATZA OVF. AP AN, - Ad AAAYY. A AYY.
ol o o9 0ol il 5 LA ey Cu b ule
50 — J9A> )é W‘OM 4.».6) 605)5 551.» ATAIAY b‘d.’.: w.:.,os
40 | R Ve . B
iy 5 oSl S wndib Jue 50 ileand @l (1)
2 10 = Wy Fo ‘-1.7 b A . N . .

E l ;"" p*;_‘»_;i'%ﬁ AN iy i diilod 1050 o oablive Sy 8 A soddb
?;‘:: sl any a5 Lol slaosls 5l asye eopl ful
30 - Slles plodl 5l amy tisd oo loo Gialesl gl aiws
41 & . " -
o) 6‘9:&‘ A 5 b)) sl bosls ao s 003l oljdlesls calizes

40 3 20 4 & . a4 . B P
L |—5_\£Djxm‘]|':siuu;m 30 a0 s & )L.u.cl wl/.s‘ 6‘)? Lawlosds salazwl u*’)&“ 6‘)’.’ Qo yo

w)s uuMS A LS‘)‘? oosls GO dw G;l.m)b (P JS)
a3 s ) i a8 (ol K5) 1o} 50
t-SNE sy (Sl gy b (9,5 ) o Ludl cpony g

(Figure-6): 3D representation of data for three classes:
Granular Ferrite (blue), Acicular Ferrite (green), and
Widmanstatten Ferrite (yellow), using the t-SNE
dimensionality reduction method.

aw lp (F) U8 Jlages ) ol 5l g Sose b
i) Sigw S (gl S slalsie oo did
G 5La3 ;0 (5)) S5)) HHlAlireng Cu B g (o
Ol tmloalds w5 (A 4w 4 VYA 5l ol ralS L)
sy, L bdad SS& a5 wwo o lid Hloges
s OBl Sl (S el wile >
CB3 lpedainioy (ovas A0 by, 5l oolitul el
Cawlod ygT Cawots laails S5 ,0 1, 5 5V
Ol (S 0 g e (B, &S (e (nl @
a B (Gedle SOl i By, S ol
Sl ooliiul b oYed 098s S pugal slacS ol SGSAS
Sgd azxgi ST pl 4 oo ozl Bl sla S
ook g Alie IS plej U aSyl 4 azgi b oS
al)l cyd dlie byl Segs  askis gl

Y o) ol Ve JLe

bty 5 eSile g 00l S5 g jludnds b olnty @l
Celoads (535 CBS i ol e odelianody Cds

50 | oty iy ol ot 45 phasles
sals 5o woye AAAR Cdo b ilgi oo Jlpepdininy omas
98 s |y gy il claidb oyta il
SalS Gl PCA g, o9, Sailol 13l 55 Joomr cnl o
oo padgesle Cua (Shy o 4 b Shy ol
ol el s Giulejl glas sgg 5 anail
@ Sty Glizes (Sl (S Ghgy g Sundy
5® dalio (o) S (Bl plyiedy had g A5 Jee 99>
Calodal lgepai iy uac 805 LS

Sl b sloosls gz (glyy Cgume slo g, 3l S
o594 i ;55 (! el t-SNE! 2 163Ul 51 soliiwl YU
Sl IS Glls a5 oleosls gz 5 oleisl (sl
oo ESNE anlyd jo el sl )5 [l wilcalize
slal b glas 5 a5 1, bl daools e sl Lais
A o055 mb olul b slad jo wilSho s v 4 YL

! t-Distributed Stochastic Neighbor Embedding
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