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Concrete Crack Detection Based on ST-UNet and Target Features

FAN Hao-Kun, LIU Xiang-Yang
(School of Mathematics, Hohai University, Nanjing 211106, China)

Abstract: Concrete cracks have negative impacts on the structural load-bearing capacity, durability, and waterproofing.
Therefore, early crack detection is of paramount importance. The rapid development of big data and deep learning
provides effective methods for intelligent crack detection. To address the issugs of imbalanced positive and negative
samples, as well as the challenges posed by deep colors and low luminance in crack areas during the crack detection
process, this study proposes a crack detection method based on Swi“n: Transformer U-Net (ST-UNet) and target features.
This algorithm introduces the CBAM attention mechanism into the network, enabling the network to focus more on the
pixel regions in the image that are crucial for crack detection, thereby enhancing the feature representation capability of
crack images. The Focal+Dice mixediloss function replaces the single cross-entropy loss function to address the problem
of uneven distribution of pos"iti\\}e and negative sample images. Additionally, the design of the APSD regularization term
optimizes the loss function, addressing the issues of deep colors and low luminance in crack areas and reducing both
missed rates and false rates in detection. The results of crack detection show a 22% improvement in /oU and a 17%
increase in the Dice index, indicating the effectiveness and feasibility of the algorithm.

Key words: U-Net; semantic segmentation; loss function; regularization term; crack detection
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S EE RN 1 PR

#1 RRABEBSPEEI SRS

IR (B F) loU Recall Dice
192x192 0.572 0.637 0.681
224x224 0.576 0.649 0.693
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M 1 AT DA th, R S B, SR LT
AIEL T A PTAEL (5, 256256 153 111 B 7EFT A St
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N T B E S AR B A Rk, FRATTAE VR L 2 5%
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Mask R-CNN ###! . U-Net #%! . TransUnet R DA
R 1 A A R AR [ A S K 4 S 4
Rk 2 PR,

% 2 45 5L nT N, fEi8 O 5 TH, 56 Transformer
Wi EL Swin Transformer 15 S 4 A Y 1E 18 50

J7 A T4l CNN 25 M 38 oy B, Horp ) ARSCy
R AR A B A EE — 5K/ 75 2L 250 ms, B & T A
R (R 5 B 92 b L 4 A AT 45 £ B R A A
HLIAFR 0 B R AT R N, ] kb M I8 B33 P s B R 4
FEWI A K E, ST-UNet fF &5 =K. R 2 10
g nT S, RSO 5T, H ARESINE L Mask R-CNN
TEARSCIG B AT HE T, A a2 Ml o AR 1 Rk
R AEIE U BT LA, BRATTHR B 10 5 VAR 25 T
AL FR bR AR RAF A ROR. R AR, A SR
{E IoU. Recall R Dice ZHOMIXT % T 5 tE 2R 1
TransUnet B84 TE 17128.9%4033.7% #1 20.6%, B
BB AR T i‘z%fﬁﬁiﬂ‘] St VA TR SR AS AT 5%
PR VR
362 ARV Z SR I S0 25

ik IoU Recall Dice Time (ms)
Mask R-CNN 0.070 0.040 0.070 110
U-Net 0.364 0.478 0.504 39
TransUnet 0.414 0.436 0.566 125
ATk 0.583 0.658 0.713 250

AT S U D A AR TR A S A R o) 2 5%
1R ORI B 4 4 4% WG 34T % Ee 4 A, HLsk
IR RN 5 k.

(a) Image (b) Label (c) Mask

R-CNN

() TransUnet () A3 77k

(d) U-Net
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MK s R DA Y, AR A SR8 I st i b, B
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VEIER PRI 354 4% 7525 3 IR AEE S g R, ZEKSE
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I3 E H R R B, T AN SCHE H AR A S e R A
H TR CF E TR, A SRR R 43 F SR
K, B0UE 7 AL
3.7 HERCLE

N T ISEASC BT R O Y ST-UNet 2% A
R, FEFEAE 4% 3N CBAM B HHE 1T 1 fh 5256
RN SLg 45 Rk 3 k.

%3 ALHESNS |

AR R B RIVE L, eAk TR R B, BOAIE T AL
i ) gt PR A % R B A AT
N T ISR A SC P B HY A E DU A T R R, 7R
e AT T I R SLLS, HAE AR B, 15 2 5
o2k BANE 5 iR
%5 NI AS 5 R

P NER IoU Recall Dice
CE+Dice 0.459 0.483 0.590
Focal+Dice 0.476 0.497 0.609
CE+Dice+APSD 0.560 0.609 0.693
Focal+Dice+APSD 0.583 1 0.658 0.713

Jivk loU Recall Dice
FIMANCBAM/{IST-UNet 0.549 0.623 0.684
AT 0.583 0.658 0.713

M 3 L5 RAT LR B, Sk ST-UNet BRI 7E
TN CBAM & Ay Bk Ja, BB I 1S 31 1 5274,
7t IoU+ Recall F1 Dice 3¢ & T 6.2%- 7.2% Fi
4.3%, BAE T CBAM R AT DL SGE: 21 24 4% (1) 40 15 RF1IF,
R B 78 7 S B IO RFAIE, 0 IE S8 T 1S Y 4
HH 1 5 A R,

N T SR AR SC T A AR BRI A R, )
8 FH AN [ 1) 458 2K R BOTE B 0R 4 R AT 3 Al si 56, SRR
TR _E AR, 75 301 sLie s sk 4 Fios.

4 RFEHR KRB B se g 2

EENEA AR FE bR
CE Focal Dice loU Recall .+ Dice
N — - 0363 ' 0373 0.499
— v 1 . 0.426 0.446 0.552
— — i 0.402 0.413 0.527
RN — v 0.459 0.483 0.590
— RN v 0.476 0.497 0.609

MR 4 B PE T LLE B, B CE. Focal.
Dice 1E # 2K bR B I0 SCR 802, VPN TR AR TE B 1 1
AR T 45 4 J5 45 2% B 8. %63 CE+Focal 1 94512k &
%, fEMERE EEE BME ] Focal £E JoU. Recall A1 Dice
SRR T 7.7% 8.3% F 6.9%. i A SCHE HAE
Focal+Dice {E N1k K%, 55 CE+Local AL, 7£
IoU. Recall 1 Dice 43 42w T 3.7%- 2.9% 1 3.2%.
X ULER 1 Focal+Dice fE 40 2 B%L, T LUK IEIX

M5 Bl Ay DA S8 B, K I 0 Ak T n 3
CE+Dice it RENELHT, IoU. Recall F1 Dice 43 742 =
1 22.1%. 26.2% A1 17.3%:; K IE WAL I 0 2 et
WK EH, IoU. Recall 1 Dice 43 5l #2151 21%-
32% M1 17%. IX UL T A SCHE Y 0 1E AL T e % A 20
B2 AR PR WU P R, 56 IR T AR STRT R H 1 IE U I
A R

RSB LWL MR L FEAT AR R 5 A SRR ) 2% IR
(7 TURCR, W B 73 SR A R AT B A, Jn 6.

(a) Image  (b) Label (c) CE+Dice (d) Focal+ (e) CE+Dice (f) A&
Dice +APSD

6 A FIRRLRAER I 45 R
M 6 FFATBLE Y, Bk Ja 45 25 pR B AR I ROR
RO AR R A RS 1 R R A S iR R
h, Bk A BRI R T ORI T R A 1 2 IR AT S
3 i FG rR, ASSORRE ARG 2 4 B N S B AR5 4 AT
55 6 MR B b, Bt Ja MR ARSI 21 1 AR R e e
o, S 7RI R AR P DR AR ST e R
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