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Fig.1 Schematic of SwinGrainNet
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Table.1 Encoder Module Configuration
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Table.2 Decoder Module Configuration

b B BANRS (HXW) i IE % ERFETTA
Stage 1 16x16 512 Upsample (scale=2)
Stage 2 32x32 256 Upsample (scale=2)
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128 Upsample (scale=2)
2 Upsample (scale=4)

1.2 JEIE-7S (8] B[R] 73 = R (CSDA)D

TERARS 28 FIRHIERL G B B, ARG T —Fhfl &
TE 52 AE BB T B L], LBy
HETR IR 512 AL RE T IR o A HIE I B A A R E
el A ) 2 ) X 3 % 30 0 4 5 R AN R, A
W S SO RABFET IS S, SRR B AR dnkLX
WHIRES ARG . R, Z564M%IREHLH], B
Pt — b Hhan TR A PERE, A RRBE 1IEEA
KA. HAh, PG RN E SR BRI R
5 H, BERASIDFFETES EEME, SR
TEZREGBNESHITSFH. & F eR"™ %
T%ACHM%%E@AFefWCﬁ?GDA%
ﬁ%ﬁl,ﬁ¢ H. W, 7595\ CSDA HIHFHLE
Kl 98, C,,C 2 mlARgekm N th R AIE B TE 4
amA&ﬂMMﬁhLMT

B, HEARRHEE F, 8 E S s
(Channel Attention Module, CAM) H'. 1Z#H §7E
o AN [ T A P S AT AR, T 8 5 B A ) 1
PIRFIEHANH TURAS S Bk, J8EE = Iy
S 4 N REE B AR lﬂéﬁﬁ?t/\nﬂlﬁﬁéﬁ$i’]/ﬂj
1t (Global Average Pooling) F14= & Kithit. (Global
Max Pooling), PAARIMRFEESE 72, SRISHFFIEE
ANFFEE R IR M & o R PN ) 523 )\ 22 AL
HNERZHATRAE e, BEfE, A% m) 28
HE e A7 A, HHiEid Sigmoid WU R
B R A— R IEE BTN E . BRI ER RS
AR AT IR T R AR, DASEELNS AN [R)@ 18 1 B
%ﬁﬂﬂﬂiﬂﬁ?ﬂ HERiA = (1) 2 (3) fiw.

Fre = Jeone Uieagrers oo (s avepoot Fi))) (1)

max - jc‘:onv (ﬁea.kyReLU (fc‘;onv (ﬁ ,_maxpool (En )))) (2 )

cam avg
E¢,E;e”‘ﬁ% @Eﬁﬁ?ﬂ@%“i
HHRHER FL e RO AR A A HE MK ik 4y
SCHTHARHIERE FC e R™" RFMIETE & g
HEFIER 5 f.., INEBHEAE; fua REMHEE
Zﬂ%‘fi%iﬁﬁﬁ?ﬁéfﬁ: Lo TORHHZERIRNA 1

18] B G RIS oo AR HH 23 H] R
AN T B T I R R 5

Channel Attention
Module

{ Spatial Altcntmn

Module

4

H, B NRRAE B F, SN 28 A = Rk
(Spatial Attention Module, SAM). SAM & 7l 4
PRRFAE P& o (B 25 DI 3 () A 2, 51 SRR ST
SBR[ X 38, B, 73[R s e xd i
NS P 71 368 30 4 2 70 9 AT B R It A R0~ 253t Ak
AR, SRR PR E] BB TE 4R T B AT P4, T
BRERINA T <7 BRI, BET R AFAE B ) X 42k
R VR ) S8 R BT R ER . %, i Sigmoid ¥
T BR HCH S T S, S N SRR P42 ) 4
JEBATIZTCRARTE, LB ()4 b AR AL
HHerREm TR 4 2 (6) Fis:

F:/g f;: . avgpool (En ) (4)
FS ¢_maxpool ( m) (5)

F;am JFSIgmmd (fconv (J{concat ( avg F rrs1ax ))) ® F (6)

Hrr, F7oe R ARFRIEIE B & BT Ht 6 5 32
wHARERE; Foe R™UR RIS [ E B oKt
D EHAHER 5 F e R™C ARSI R AR
BHREREL S e AEHHDEERE Y 1 HIBIE
HE SBR[ e AN HEERE D 1
()BT [ 38 B KA A

NT RISz ARE 1 S a e, AR
BN T 0l okmg, BIAEIEIEE R S 52 E
% Z BN INBEAL I IS o ZALHITE DI 250 B FE
MLH 50 43 30 18 2 [R] e B2, TG A 20 R it 0L i)
B, BRI IER RN N ED e R, H
FRIEM TR (7 Pios:

Fi = Jeoncat (aropout Fram s Saropout 20 (Feam)) — (7)

TE R A WIRFIE R 5455 (Feature Fusion Module,
FFMD 1, NIESREFIE AR RGeS, & oextst
(DB RUFIER FT AT @IE 4 YTk 2 2 5.
BaJ5, I NiEEEHLE (Channel Shuffle), 8l
B H S5 XATE, REmEEELE. FHE
uyﬁwhﬁﬁlkﬁﬁﬁﬁkﬁﬁ NPT B A%
et SRER R, SINTREER:, RASE
PURFEZRIARE y 30 . HEFRIA M T (8) Fik:

Fin = Jrom Soom U snite S Fn N+ F) - (®)

Yy

. Feature Fusion -
Module |
. S




Channel Attention Module

/" Feature Fusion Module

2
Ew
=/ @

B | -
BN v

orndepy

NI

g
&

l
[
(

\ PTIo0dFAY

5;% —

K 2. CSDA FRb Bk )

Fig.2 Schematic of CSDA

2 KWHERSHH

2.1 K E

SEIGF- & TAEE#E4K Inter Xeon ES 2650 AbFE 4%,
376GB W 1%, 3 N NVIDIAL424G &F; HE¥IHE
28K pytorch-1.8, L& NVIDIA A% CUDAIL1.2 (]
GPU iZ17F & LA K cuDNNS.0 &5 %% =] GPU JHidk %
SIS H PR EE g 3 %N 2560 % 2048 [ GH4169 4 AH4H
ZRUG, #ETE 256 %256 73 PR 5 AL 800 7K 5
HAEE, 87 2. 1 AT BIRER, Hdilg
££ 560 7K I ESE 160 5K M 4E 80 7K - SwinGrainNet
WIS FE A, i N 5 N7 HER 256 x 256 [ 4
ARG, 1F A BENLAC T B 5 00— AR SRS sk
DU A A UG B (35 . seae v, W2 E I
GSEANAN A 12 ZE2JRHON 151, VIGRETRA
le-3, i AdamW fRALZSHEATIAL. MZIIZRidFE
AR 5% ) R SR NG, AR RN 20 f, i
INEESTR BN 1e-6.
2. 2 LIIFIEHR

N T AR SR SRR Rk, ASCRA ARSI

Et (Intersection Over Union, IoU)# F1 7344 (F1-Score)
PINVPAS R R AT B RO LA, 4R PR E X
ARFRITEA (9 530 10):

P
oU=s—
TP+ FN + FP

©

(10)
precision+ recall
o, TP S AHH ZEME oy F1 45 SR b i 2R 1) 73
FNEFNBER SAEG TV NS AL IR b RS
FIGRPE R OB ERBBERAEE: FPISHA
ZIERG D BIG R AL RIEIRBR R SRS FN
N AL G o FI 45 R 8 5200 70 R KR
EJSPSE
2. 3 JHRASELE
N T SHIE B H K CSDA BEHLRAG 2, 78 Bl
AR PG BE S LT RE 1 TR RS ie . JH RS 2
EIGERE) ToU | Fl-score SEFRFRIATHILL, £ Fh
BT AR RS HOs BN RN K AH TR, BASCHERIIY
B S B RUAE R FE LB (Baseline) . 8 3 45 H %%
A B 5 15 B, TH RS0 B4 R INER 4 s

F1-Score 2 x precisionx recall

2% 3 SwinGrainNet 15 71 25 Fih 45 f4) %
Table 3 Variant structure of SwinGrainNet
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Table 4 Ablation experimental results

> i
Baseline 65.01 76.78
Baseline + CAM + FFM 66.32 77.44
Baseline + SAM + FFM 66.17 77.38
Baseline + CAM+ SAM +FFM 66.95 78.39
Baseline +CAM + SAM + FFM + dropout 67.13 78.62
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Fig.3 Qualitative comparison results of Metallographic Image Dataset
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Table 5 Quantitative Comparison on Metallographic Image Datasets

e IoU F1-score

el %) %)
FCN 60.47 72.37
UNet 64.87 76.44
SegNet 60.27 72.25
DeepLabV3 59.34 71.18
PSPNet 59.98 71.95
SwinUnet 66.58 77.89
SwinGrainNet 67.34 1 78.62 4
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Research on the Segmentation Algorithm for GH4169 Alloy Grains Based on a Joint
Attention Mechanism

Deng Bowen !, LiKe! , Zhang Xinyuan'!, Zhao Yanru!, ShiPuying', Wang Hu'!, Gao Huixian!, Yang Chao'
(1. Western Superconducting Technologies Co., Ltd., Xi'an 710018, China.)

Abstract: To tackle the segmentation challenges arising from the complex morphology, significant size variations,
blurred boundaries, and tight interconnections of superalloy grains, this paper presents a grain segmentation network
integrated with a joint suppression attention mechanism that fuses channel and spatial information. The network
combines the global modeling capacity of Swin Transformer and the local detail restoration capability of CNN, and
embeds the aforementioned joint suppression attention mechanism, which integrates channel and spatial information,
into the decoder. This mechanism effectively suppresses noise and texture interference, enhances the abilities of feature
screening and generalization, and reinforces the fusion of shallow and deep features, thereby markedly improving the
continuity of grain boundaries. Experimental results demonstrate that the proposed algorithm achieves 67.34% and 78.62%
in terms of IoU and F1-score, respectively, on the self-constructed metallographic dataset, with all metrics outperforming

those of mainstream grain segmentation algorithms for superalloys.
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