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Image Segmentation Research of Joint Interfaces Between Prefabricated
Fiber Concrete and Ordinary Concrete Based on Enhanced
U-net Algorithm

GUAN Hongbo
( China Railway Tiegong City Construction Co., Lid., Jinan, Shandong 250002, China)

Abstract; Aiming at the problem of joint surface quality detection of prefabricated concrete components,
an improved U-Net image segmentation algorithm is proposed. By introducing the global semantic
modeling ability of Transformer architecture and combining the advantages of U-Net model local feature
extraction, an image segmentation model for the failure surface image features of the joint surface of fiber
concrete and ordinary concrete is constructed. The experiment results show that the mean intersection
over union ( mloU) of the U-Net * model on the real joint surface data set is 78. 15% , which is 6. 45%
higher than that of the traditional U-Net model. The improved algorithm design improves the identification
accuracy of the joint surface image of the U-Net network, and proves the application value of the
improved algorithm in the identification and segmentation of the joint surface of prefabricated fiber
concrete and ordinary concrete.
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Table 3 Overall ablation experiment results on the dataset

T e

B ResBlock ~ MHA vir | mew

\V X X 25.5

PASCALVOC2012 VvV vV x 26.9

vV Vv vV 29.1

V4 X X 34.3

Cityscapes vV VvV X 37.9

VvV vV vV 38.6

i1 X R 78 T ResBlock ALY U-Net =
BEKG () 1k 6B 3 5 LK, 7E PASCALVOC2012 5
Cityscapes ZUHE A, 22 ResBlock 1Y U-Net Pt Ax
TS SEE T mloU M 23. 6% 42T+ 3 25. 5% (A%
B 8. 05% ) M 31. 7% $E T+ = 34. 39% (AHXT 44 iR
8.20%) My 1 AE ot F, % Mk AR W 4% E B T
ResBlock 11 P4 S AL ALALER

1) R 7x7 RGBS K2 B i 2 R
R SRR T SR B B R AE DGR

2) ResBlock F 2 ROEE | F SCERENRE 7, 145
IR B RRIE SCIBCAT 4, 7 9 2% R R o TR J2 AR AE
P& o EME 55 R M

3) BRZZVEFEAR T R GG IR AR AR T
TR 2 0 45 16 B 0

4) U-Net BkERI% 4% 558 22 73 SOU OB 2 L
il $E T T B 2 PRI A HACR

I MHA i85 M BE 0 5 SE 8 T 5.49%,
10. 50% HIARXTHE T, HALALHLEANT .

1) MHA i3 7o /7455 8 [ B 2% 2] $ s 0 A [m] 3%
7, SR AR REIE A AR RE ) .

2) AR AT N 2% 2 i A R AR C &R
A B TR G b O I

3) 5k MHA , P45 A] B RS~ > 1R
EHEBR R B R, A SO R K I B R R A,

IR ESINT VAT e, 73 S8 TAS 8. 17%
1. 85%MIAHXT mloU {H 42+, ViT 5 T 1445 CNN
HIE B 1 G R R BRI E A patch 20
BT F, B patch [H R, FREAT A =
TIMLH AR R 22 2] A6 patch [B] )4 R e &R, Hod
patch f& ViT BIHORE G B R A FEAS 550 fF 1 5K
SERE MG S UIEI R Z A ES /NI, AN
YHR A 14> patch, X057 A Bl T 45278 T 41 b 34
il EUR Th B S5 R RN T8 SCAF B, DT 4 15 0 1 A T
P BVECKRE AT B R AR T M R
HFE TR T DTER
2.3.2  ResBlock FEHUER T LAY

TLAM #5258 £ US I0 5% 22 B 3 58 FR AF 58 B AL
il TS -G 3l s i 5k 25 el AR A A E R TR
A Jryilfs SCERAE . ST 5k 25 Hui s W R AU M BB 1Y) 52
M) |38 3 2R G PR T Al 96 X ResBlock AR B 40 &
FEREEACHT , e AW e LA B 58, T
2 MR HEBEEEXT TLAM #58 H ResBleok f5H 4
HATIHRESE , 45 R A 4 FoR

40 - —~ PASCALVOC2012

38| —=- Cityscapes
361 34.08 3425 3411
Migpyy 2%
N
2 30F
g 28r 49 255 252 253
26T 236 e : -
24t %
22 F
20 : . . :
0 1 2 3 4

ResBlock L 5 &
4 ResBlock R =R RN IE & R

Fig.4 Ablation experiment results on ResBlock

module quantity

THRAALS 45 S R W], ResBlock FEH ALy 0 5k
1 If 23 iR 2 b | 42 SR SCRAERE ) TR, 3L
mloU 52k , 4 ResBlock BB 3 5 4 W 5[5E
i EEHE R )RR, ) BUE RE T S A S BRI
P T PR E B T I el B SCARRAIE 14 3 il
ZLAFBURFR N K,

SEH BRI AR RAEE 2
ResBlock BEHAE N e (I i B, 76 PR UERE A B AL Y
7 i 5 B B fe KK



2025 No. 20

KRB FET Uk U-Net 5535 (19 T 27 e IR BE 1 55 i TR e - 132 T (R 2 RIBE 5T 145

2.3.3 lZRihZsrpr

Jg it — 2 H R U-Net = ZEF kit i AL AL B,
224l Cityscapes FHEEINZM £, E 5 Fos, J@os
7 U-Net H1 U-Net = 7ER I G B2 h g PEREZE AL

35
30 " . b..“""\"l.,'ﬁ..m.m"/,c"
25
20
15
10 _i . | | | | |
T 30 30 w0 S0 o
YRR/ B
5 Cityscapes 3B &1l 25 fh £ 3 L

Fig.5 Training curves comparison on Cityscapes dataset

o esseteesesssrese

| A,
Y

mloU/%

[ - U-Net U-Net*

A LR B U-Net # A5 75 32 A1 25 ik A8 v g 1
REIRZAL T U-Net #55Y U-Net = 7E I 2 K2 50 4
BT 86 8 T 8L, B F U-Net Y8 3, i &
U-Net = #& 8155 ] i) mloU 3T 38. 55% , it = T U-
Net F7  FaR&ERIGIE T TLAM A3 i XU {1k
BLHR , BE38 2o 33 55 ) AL T 38 5 1 S o3 U, X
18 Bk 22 2 2D LA AR T B
3 ETESEHAEHAEBEENE LN

RS UERGHE U-Net BRI T B SLTREE H 361
FMGRG0 A SohE, IE 8 T AR R R4 58 ECC-
NC""' 5 UHPC-NC "™ 3224 i 191 85 35 J i r 1 45
MIE R, X H A AT AR, B oL 1O T Tl £F 4R
5 50 TR B TR R 4, 4k 27
SRIER, 4328 18 SR UIZREER 9 TRIGUESE . #5538l
EIREER A E 6 fis

6 ECC-NC 5 UHPC-NC #& ER I EHHE R F
Fig. 6 Examples of failure surface dataset for ECC-NC
and UHPC-NC joint interfaces

3.1 pRiEd R NS RO E
{#i ] Labelme ?ﬂﬁ{#i&?ﬁii*ﬂ?{f, H bR E N

WS R EE L, DA R FL AR A, AN X 4 TR
FHA B W o MRS, 7R AT B 904 5 T IR
T A A 1 g i, 2% T B 8 e A I R e b 7
Cityscapes B4 LI AR TR %, U-
Net & + M 2% 3% H ResNet-50, 1% & %= > X H
0. 000 1, BatchSize 2 32 1>, Yl %k 60 %& , AL = 1y

0.000 1, FE K #3502 048x1 024 142 %K, %
PR
&

0y FRIERT

7 HIEERBERSREER

Fig.7 Original image and labeled image of dataset

3.2 ilEmaE R

5 R bR R A 20, I e 2 T L S A
4 17 G B R il iU 0 AT ResBlock A5 H 450 i TH
B IS4 BN 4,5 B, S E WX
U-Net FRHYF U-Net = F7 A9E RE , 22 1 96 4 U1
2 e Zs R 8 s,

F4 BOHRRBER

Table 4 Experiment results of comprehensive ablation
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