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Abstract: Aiming at the problem that the existing bridge crack detection methods do not fully extract the
rotation feature of bridge cracks and have low detection and segmentation accuracy, a bridge crack
detection method based on improved Mask RCNN with rotation self-attention was proposed. Firstly, on
the basis of the Mask R-CNN instance segmentation network, the ViTAE network based on Transformer
learning is used as the backbone feature extraction network to improve the detection and segmentation
accuracy of cracks. Then, a rotating variable window sel{—attention mechanism was designed to integrate

into the bridge crack detection network to improve the detection ability of the feature extraction network for
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crack rotation features. Finally, the deformable convolution was used to further fit the irregular geometry of

cracks to strengthen the recognition ability of crack feature information. Experimental results show that

compared with the original Mask R-CNN detection and segmentation method, the accuracy of the

proposed method is improved by 4.85%, the recall rate is increased by 13.95%, and the F,=score can reach

91.66%. The proposed method can extract crack features more fully, achieve more accuratecrack

detection, and is superior to the comparison methods in subjective and objective evaluation.

Key words: bridge engineering; concrete bridge crack; crack detection of diseases; rotational variable

window attention; transformer learning
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Table 1 Results of ablation experiments
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Table 2 Comparison of experimental results

6 I 77 72 AP/ % AR/%  F,=score/%
U-Net 71.00 79.30 74.92
Mask R-CNN 84.15 80.54 82.30
Swin-Transformer 86.20 90.34 88.83
Intern-Image 87.40 91.23 89.27
Mask2former 87.29 90.27 88.75
AN S 25 A5 89.00 94.49 91.66

CNN [2& 75 4Ry ik, A SORERY IR B e e
% Mask R-CNN £/ T 4.85%, 8 Swin—Trans-
former 42/ T 2. 80% , %% InternImage 1 Mask2for-
mer 7 LR 1. 6% M 4. 22% . 7543 [R5, 5%
Mask R-CNN #£ & T 13.95%, # Swin-Trans-
former #2551 4. 15% , %% Internlmage 11 Mask2for-
mer 2> AL 3.26% f14.22% ., M F,—score A DA
B AR SO X0 R4 1) 43 L FIORG B2 T R A
KB e 91. 660 B, LA b 5 FiE PR B 3T
M S 56 AT LAAS HE 45 10 e ASE A AN [ 28 A 14 TR 3 1
P 22 54 4% BA T 4 i A P BE
3.6 MHEEEITMIEIRS T
3.6.1 EERLGER IS

B, AT IR BE 0 2R I L RLAE AR S
e 5% BRI R RIS A5 M A 2L 2 ) iy S
AR R mE 11 . Hd B 11(b) A
U-Net M 25 K 0 25 5 | 25 2 & W] U-Net M 24 fig £&
AR S I B G B A0 A A oy ) A 4 S 0 ) 2
S PRI AP ik 7 2L 55 (] DR 5 % 22 HLAIRBL Y S5 R 75 1Y
THERE J7 55 , Ko T o MR SR e A 25 R ]
11(c) i Mask R-CNN [ £ 6l 5 5 , W] DL % 3
1% M U-Net B8 9% X 75 5t M 5 o5k 21—
PR A VR (ELATS 25 B0 288 8 A I AN 322 2 1Y) Wi
], 1] 11 Ce) H I8 Pl A A7 7 24 2 W 2449 00, it
Ah 0 T R A T R A [R) A, A% AT AR 1 A )
FES 3 T 00 RE T HE PN A7 7E 5% T 6 55 0] . (]
11(d) &y Swin-Transformer P 2% £ 1 25 3, & 31
%7 5 A H Mask R-CNN [ 45 43 #1 1) 24 5% Wi 24
B AT BT el ABAS 1) 3 B 2SR AT A A N 221 )
B AT LIRSS 3R AT S Ak . 1l 11(e) Ry In-
ternImage & ARG I 45 3, 32007 ¥ 38 i Al A2 I8 45
RPN AU 250, — e R B o T A
WU M e, AT A2 A T A %) Tr) A, 265 1 A o) 284
Y SEAR SR . B 11(0) 28 Mask2former 45
RIZLEE B G550 i T2 [ B A i 4% 7 51
[i) AT S50 575, o 550 2R A A ) 5 L v A A R T AN o 8



K, E R T4 A EE A B Mask RCNN 694+ 2 2 45 4] 5 - 3669 -

(EERER IE

(b)U Net

s
H1l EERERRNLE
Fig. 11 Comparison of vertical crack experiments
TR, [ 11(g) AR SO ik 25 2R 6] T i iR A
T 2 5 R T 7% 0 B 2 e T R A Y R ROR B
by, 8 BV S RN T A H 7 i o
3.6.2  JKP LRI S B
TE 58 NI BB R AR R DN SC 36, T T
F7 oK P ZEBERGIN S o 7KV SR — it AR A 2
KT SRS T SR U O A R 32
8 280 R, AN TR AGE I 7 3 2 R P 12 s o
12(b)  U-Net Kl 25 5, 6] LA SR F K- 2 4
Al BE A7 A 80 22 19 9 5 M 7S T 4 (R . Mask R-
CNN [ 2% F1 Swin—Transformer J7 3% 3 U-Net J7
T oF W P AT T AU AR L A A ) 2 T 2L 1Y 1)

(a)*yﬁ%ﬁ 2]

(b)U-Net

(c) Mask R-CNN

-
M_r g
iy A *w
r .I h

(d)Swin-Transformer

I I..I ﬁl-“ -'.. i m

(e)Intern-Image

-

(f)Mask2former

AL

.(g)ﬂiijﬁi

E12 KEHREZWITLLE
Fig. 12 Comparison of horizontal crack experiments
. 1M InternImage Al Mask2former J5 72 4 77 78 £
DUASTIINE A [ 0, AN 5 AWk A b 4 SR B 1K g
58 IS 3 AR o AR STy %k K P 4 ) A T
BN B, HoOo 248 M R T A0 RE A8 A 5 i
3.6.3 %X XK AAEK IS

SE X B4 — R A8 REEIE R T 5 b)
X R HAS AT R0 2458 |3l w1 IR TR B - APREAR
A*%E"J*ff@* XIE EEd T 545 i 5 5 B0

o N IARZEXS X B RLEE HEAT XS LU AG I S 36, AN []
ﬁ/ih{lﬂ' SR A 13 R, AT LA f@13(b)
1, U-Net M 48 X X B 2444 i R AR SR 52 75 5 I




w
>
23
o

-

HRKFEFFH(OI FR) % 55 %

3.6.4  PURRLER I 5L 56

o S HEAT AR S5 A I S 5, IR B 5% — i
T AT BB R B YA B R EIE MR 8% | 4
% 22 OO0 SLEE TN B A 1 ), S BB I A ab T
T RS DR 2L 4% A I XoF LY 52 5% 4n &1 14 B
o [ 14(b) 2y U-Net [Pk 224 4% A6 I 25 5L, 7] LA
F Hh U-Net £ B ] 0 R 24 48 17 75 R 5 19 I8 46 1
Ml . P 14(c) o Mask R-CNN ¥ 45 46 -t 77 7
R 4 4 T 1k 3 A DN A ], 2R 4 A 0 3
SR SE LT HR oy IS A I . 18] 14 (d) h Swin-
Transformer ¥ 4% Fl1 /5l 14(e) 1 Intern-Tmage £5 74
a0 25 SR A 55 2 R B T M A IR R A A

()RR AR

(e)Intern -Image (b)U-Net

gy
'_1-,_ .Ew Fﬁ!.i!; ('?
o L

(g)ZIS)UJ‘}‘E
13 XBRETHITLE

Fig. 13 Comparison of X—type crack experiments
AR OR, A S B R R, IR 13 (a)
XA X LR A RS (N 14756 2 ) () e i 45
] L&, Mask R-CNN [ £ 1 Swin—Transform-
er A e, A FL DX HH BT RG] e
BEAN X F 58 LATHE 4 M 2445 , DR 285 1 ] 147}2
P, Mask R-CNN K 4% 1 Swm—Tramformer?l‘{j?ﬂU
Jo E BT XA 0 S A 0 4t SR DB 2R Y )
13(e) %5 3 InternImage A6 I J5 L 77 76 46 T 45
VT 2L 4 e @, i ] 13 H i) Mask2former J5 ¥ 7E \ : !
45 1 22 004 B T O AN B0 . % LE A | OEIHE
DRI AR SO IR T XOW S5 RS 52 58 4y B14 FLRREEREN LA
FNKE I, A 1 P00 A ) R Fig. 14 Comparison of reticular crack experiments




%114 3

K, E R T AEE A B3 Mask RCNN #9472 2L 4 46 ) 5 %

3671

S 3 IR Rk i B IR) AL, S 3 A EORG BE AR . T 14
(1) Mask2former £ I 25 5 12 77 3% B9 RS & L4
APk BT AR B 2 R 88 R oy S Ak e 5%
3 0 W A5 TR L T 14 (g) A AR SC T vk R I 4
AT LLE LRI RE AR, g 6% ST X R
SELEPORS A0 0 5 RGBS 2] T 0 [ B 2 4
A 0 235 SR A B n i 2

4 45 B

(1) 38 3 49 2 35 T VITAE B 28 59 4 48 24 4%
R AIE 4 B R 28 A1 1S ) RO R AE AR B A
PEom T AR RHIE SR AR T

()T TRLG IR 2 0 [ FEE I
B B T 2L AE i AL R AE A R R SOl TR
45 JE B R 42 IO 38 43 1 fle A, ol 2 4 43 ) 8K
R

(3) 4 H AT FH W7 A% 45 R i X A7 % S R DU
448 JUAT Y UK 1 0045 g 70, 38 2 n] AR IR 45 U e
G B RBGE, Ue PEE N ) oy IR A T
MEEFHEE B R K.

(4) 3% AS [ 24 700 1 R 05 - A7 % 24 4 4G T 52 56
FEOH A SOy vk LA R A A D R 4 R AR
J 4 Mask R-CNN #E#f 4 5 1 4. 8500, 41 [l 3
P T 13,9550, AR SC U7 ik B T U A b S IR
E 1 W DR R A

S E Wk

[1] BE®, FFUWE, AFHL . TR EUREOR M 34

SERTINERAR ] MRS AR TR, 2024, 54(2):
313-332.
Yang Guo-jun, Qi Ya-hui, Shi Xiu—-ming. Review
of bridge crack detection based on digital image tech-
nologylJ]. Journal of Jilin University (Engineering
and Technology Edition), 2024, 54(2): 313-332.

(2] fRaldE, TN, AT, 55 JRBEL B 2R AT Al

i i B AL RAELT]. 1A TAEER, 2023, 56(8):
1-11.
Xu Cheng-ji, Wang Xiao—hu, Dai Yu-ging, et al.
In-situ characterization of concrete splitting damage
and capillary transport processes[J]. China Civil Engi-
neering Journal, 2023, 56(8): 1-11.

[ 3] Zoubir H, Rguig M, Aroussi M E, et al. Concrete
bridge crack image classification using histograms of

oriented gradients, uniform local binary patterns, and

(12]

kernel principal component analysis[J]. Electronics,
2022, 11(20): 1-11.

Vivekananthan V, Vignesh R, Vasanthaseelan S, et
al. Concrete bridge crack detection by image process-
ing technique by using the improved OTSU method
[J]. Materials Today: Proceedings, 2023, 7: 1002-
1007.

JRENZE, HhI5 WO, G MG 2 REZAHER R
AT BE AL 7 B T 248 o B FL D], S SOHLAT Bh it
HEE ¥4, 2022, 34(5): 711-721.

Lu Yin-ju, Ma Fang, Dai Shu-guang, et al. Markov
random field road crack image segmentation algorithm
integrating multi-scale features[J]. Journal of Com-
puter-Aided Design & Computer Graphics, 2022, 34
(5): 711-721.

Avendano J C, Leander J, Karoumi R. Image—based
concrete crack detection method using the median ab-
solute deviation[J]. Sensor, 2024, 24(9): 2736.

Wan C F, Xiong X B, Wen B, et al. Crack detection
for concrete bridges with imaged based deep learning
[J]. Science Progress, 2022, 105(4): 1-21.

Ao, A, ER, L R U-Net B4
B B AL BEAR Jr ws [T]. W TR R E ik,
2019, 46(4): 35-42.

Zhu Su-ya, Du Jian—chao, Li Yun-song, et al.
Method for bridge crack detection based on the U-Net
convolutional networks[J]. Journal of Xidian Universi-
ty, 2019, 46(4): 35-42.

WE 4, B, 0K, 4 T i DeepLabv3+
R A A 2 B4 TR AR O B0 5 TR ] 35 AR 2 4l
T 22, 2024, 54(1): 173-179.

Tan Guo—jin, Ou Ji , Ai Yong-ming, et al. Bridge
crack image segmentation method based on improved
DeepLabv3+modellJ].
(Engineering and Technology Edition), 2024, 54(1):
173-179.

Xiao R Q. YOLOv5s-GTB: light-weighted and im-
proved YOLOv5s for bridge crack detection[DB/
OL]. [2024-01-30]. //arxiv. org/abs/
2206. 01498

Deng L, Chu H H, Shi P, et al. Region-based CNN

Journal of Jilin University

https:

method with deformable modules for visually classify-
ing concrete cracks[J]. Applied Sciences. 2020, 10(7):
2528.

LiuHJ, Yang J, Miao X Y, et al. Crackformer net-

work for pavement crack segmentation[J]. IEEE



o

3672 T HKFF

oL

w"(x

F R ) % 55 %

[13]

[14]

[15]

[16]

[17]

(18]

Transactions on Intelligent Transportation Systems,
2024, 24(9): 9240-9252.

He K M, Gkioxari G, Dollar P, et al. Mask R-CNN
[J1.
chine Intelligence, 2018, 42(2): 386-397.

Zhang Q, Xu Y, Zhang J, et al. ViITAEv2: vision

IEEE Transactions on Pattern Analysis and Ma-

transformer advanced by exploring inductive bias for
image recognition and beyond[J]. International Jour-
nal of Computer Vision, 2023, 131: 1141-1162.
Worrall D E, Garbin S J, Turmukhambetov D, et
al. Harmonic networks: deep translation and rotation
equivariance[C]/IEEE Conference on Computer Vi-
sion and Pattern Recognition, Honolulu, USA,
2017: 7168-7177.

Wang D, Zhang Q M, Xu Y F, et al. Advancing
plain vision transformer towards remote sensing foun-
dation model[J]. TEEE Transactions on Geoscience
and Remote Sensing, 2023, 61: 1-15.

Shish V, Noam S, Niki P, et al. Attention is all you
need[DB/OL]. [2024-01-30]. https:/arxiv. org/abs/
1706. 03762

REF, B A, F . LT AN Mask R-
CNN iy 17 G2 25 0y 2L 82 2 e UM [T]. b [ 2 B 2 4l
2021, 34(12): 80-90.

Yu Jia-yong, Li Feng, Xue Xian-kai, et al. Intelli-
gent identification of bridge structural cracks based on

unmanned aerial vehicle and Mask R-CNN[J]. China

Journal of Highway and Transport, 2021, 34(12):
80-90.

Zhu X, Hu H, Lin S, et al. Deformable convnets v2:
more deformable, better results|C] /IEEE/CVF
Conference on Computer Vision and Pattern Recogni~
tion, Los Angeles, USA, 2019: 9300-9308.

BRAE, DTK, W, . AETRES TN RA
e RSk WF L (J]. A g ik E R, 2019, 45(9):
1727-1742.

Li Liang—fu, Ma Wei-fei, Li Li, et al. Research on
detection algorithm for bridge cracks based on deep
learning[J]. Acta Automatica Sinica, 2019, 45(9):
1727-1742.

Liu Z, Yutong L., Yue C, et al. Swin—Transformer:
hierarchical vision transformer using shifted windows
[C]/IEEE International Conference on Computer Vi-
sion, Montreal, Canada, 2021: 9992-10002.

Wang W H, DaiJ F, Chen Z, et al. Internlmage: ex-
ploring large—scale vision foundation models with de-
formable convolutions[DB/OL]. [2023-8-14]. https:
//arxiv. org/abs/2211. 05778

Bowen C, Ishan M, Alexander G S, et al. Masked-
attention mask transformer for universal image seg-
mentation[C] /IEEE/CVF Conference on Computer
Vision and Pattern Recognition, New Orleans,

USA, 2022: 1280-1289.



