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Intelligent Recognition of Titanium Alloy Microstructures
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Abstract: Ti-6Al-4V (TC4) alloy is one of the most widely used titanium alloys in various industries owing to its
outstanding characteristics. The microstructures of TC4 alloy can be broadly classified into four types, i.e.,

equiaxed, duplex, Widmanstitten and basket-weave structures. Each of these microstructures exhibits distinct char-
acteristics. Prolonged exposure of boilers, pipelines, pressure vessels and other equipment to extreme conditions
such as high temperatures and high pressures causes changes in the microstructural characteristics of alloy material.
Such microstructural changes significantly affect the key performance indicators of TC4 alloy, such as strength,

toughness, corrosion resistance and hardness. To meet the requirements for automated and efficient microstructure
identification in TC4 alloys, we propose MSC-Net, a novel self-supervised classification model based on masked
autoencoder architecture. The proposed model overcomes the limitations of conventional deep learning models that
require large annotated datasets by enabling unsupervised learning of complex intrinsic features in metallographic im-

ages. Our model achieves accurate differentiation between equiaxed, duplex, Widmanstitten, and basket-weave
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structures without explicit labeling. The experimental results demonstrate the remarkable performance of MSC-Net,

achieving 100.0% recognition accuracy in laboratory datasets. More significantly, compared to mainstream algo-

rithms (ResNet and Inception v3 with accuracies of 60.4% and 51.5%, respectively) , it exhibits superior generaliza-

tion capabilities, achieving 87.6% accuracy on field images captured by portable optical microscopes. These results

validate the effective transferability of MSC-Net to real-world non-destructive testing scenarios. The model can iden-

tify the current microstructure type in real-time and with high accuracy. This capability is fundamental for monitoring

the material’s condition during service, providing reliable technical support for equipment performance evaluation

and predictive health maintenance.

Keywords : non-destructive testing; self-supervised learning; microstructure; titanium alloy; masked autoen-

coder; computer vision; pattern recognition
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Fig.4 Visual results of self-supervised pre-training image reconstruction
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HEAFE, AP th i AR, Mok aE ) BE
B ZALRE TR P RRIE RS . A ) 4y 25
P, BAKIUA 100 KK A, — X Fardk
FE 5510 5 BN R AR , XS ER B KB T
P B EIEM R R, k0% 2Re1Z 1k
FF AR RE. AN, 5T CNN B8 4844 4H
b, #£F Transformer [YM457E AL ANRLEFFIE FA
4 CNN =34, [T X EUG R Es I i A SRV 20
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T E, FEE A R B XELLE TR # 2. CNN T
HABTRGS AR, BEGE A SR A4 2 IR b Y Rl
BRI AS [A]Z UM, AT SN, X T R R A
PAESS JU L, thffif5 ResNet BIAUFN Inception v3
BERVTE Bz AL B s 4 BB B 1 A X B 1 &4
LSTM {E N 9 BB S IER DD 3510 K 17 91 L) itk A 7
FRIESRE, TAR L E LA SRR 2R 22 (8] A 25 8] Jmy
KR, H HAER ARG 4 B 745 P 50 R T &
PR Yk, f8i2 ) RN 2 )2 UCRIE R 15 R
MELIZ AL B 22 B 1 R a4
F2 AERBERSELERITLE

Tab.2 Comparison of the classification results obtained
with different models

o i i%‘ﬁﬁﬁ)ﬁ% Iﬂfii&i‘)‘i’;%
10° HER/% HER /1%

VGGNet 139.6 95.0 49.5
ResNet 11.2 97.5 60.4
Inception v3 243 98.8 51.5
LSTM 33.1 99.5 26.0
ViT 86.6 92.0 26.0
Swin-ViT 86.7 99.5 34.0
MSC-Net 85.8 100.0 87.6

MSC-Net ARV 5 B B2l , A 2R
FHE JChR 1 BURE S A TRAE R R 7 |, S8 T Xt
BT IR T R, SRR TR T AR £ Y
W, DT RE e 1 RS A T A 1 1 b
A, 2B T WA T A R IE RN, TEI R
PR T F B H BT 438 N 1 Rz AL RE ).

MSC-Net A8 0 0z fb P ae R I | 1%
LT G A5 AT R AR AR M S 00 2 A58 2 B To Pk
W37 S A5E Z [ ) oA 25 57, 3K —FREPEZESE PR Tk 3
F A TN A, AEBAEAEAE 0 SRR
FH], MSC-Net BIRUNUAESL I = AT R A
FEST ELBK A 1 I A e R O R v . XD
AR T 4R R S 5 AR TR 2 o) B vz e
FRIERIR , (A5 B GRAE T A7 HbE BT 1Y | 43 A1 AP Y
BARIREE. MSC-Net BIRLENZR50 0 2 DFEBe: 565 1
W Bt A TR SR AR I T 25, W B2 2T il
GA W IE MSC-Net RIS #2200, B 1
B gl MR s, 5l AR TC4 5aAh
[FJZH 21 2 [0] A O RAIE , R T AS AR R AIE 25 1], Tf
A R RS2 55 28 Bl 19 53 AR 5 25 2 B Bt Tl 2
SEIUE R i VE M RAAE SRR, R R AESL 36 %
B I TR SR S AL, SEBL TR TC4 4
S AHAL SRS ff 325

ABEFREE N T —FX FaAHA L A iU 4328
) MSC-Net #i7, JLJE/R T sl i M Re, LR =1
HESE ESEELT 100.09% FYHERGR , HE Bz (8
B FWARERE T 87.6% M mfERf R, FEHHAL T 191z 1k
AE 7. AR () B ) 3B A ) T A W I 2R
W, XSRS AR A BB %27 > TR ER U2 FLd Y
FRE, A5 T 2R S i 25 75 f5 ZE VR e AR B g A
FHBS B = SRS I PERE . AT R0 St L5
MG, MSC-Net B 5 A = AR AN Inception v3
VGGNet, ResNet KT Transformer ) ViT A9 H%E
TR, BRI SRR SC g 3 e A E R I A
(R HERf %, (BTE B 80 4 iz fbBE J1 %8 MSC-
Net BAIA B 2280, XiF—2P 50k T MSC-Net £
RUTEND PRI B0 1 AR AL s 5 R RE T, XS BR
SR b Wb B b U R 1| B2 = B AR = RSB S r
P B B, MSC-Net A5 U BB AS B AT £ X0 1 1Al
AP RE , B X 4 A 55 3 PR FAERRR . X R4y
i BEA iR iy TR )25 ST R38R T
FE TIN50 A1 SN A B B RS T, MR i &
R ASE S v ) PR DO A I At 158 s, JERE TR
Ji58
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