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Review Paper Description Learning
Paradigms

Mohan et al. (2018) [? ] Literature presents different techniques to automatically identify ~None (IP Only)
the crack and its depth using image processing techniques.

d for sum-  SL

a review of the

1d 2D crack extrac-

Wang et al. (2019) [? ]

pavement crack in
tion algorithms.

Cao et al. (2020) [7 ] 1ods used in SL

Hsieh et al. (2020) [? ] Authors organize and provide up-to-date information on ML-  SL

algorithms for researchers to more efficiently

based crack det

Munawar et al. (2021) [? ] review of image-based crack detection tech-  SL

rning

Ali et al. (2022) [? ] > entation on civil structure crack detec-  SL
tion, highlighting nt research for crack detection through
classification and segmentation.

Hamishebahar et al. (2022) [7] A con

literature review of deep learning-based crack  SL
and the contributions they have made to the
Liet al. (2022) [?] It presents a comprehensive thematic survey of DL-based CIS SL, WSL, USL
techniques. Our review offers several contributions to the CIS

Kheradmandi et al. (2022) [? ] - SL

Zhou et al. (2023) [? ]
for crack s
image typ
study has identified the bigger picture of DL methods for SL, USL
u in asphalt pavement. The authors evaluated
X identification algorithms from the litera-

Nguyen et al. (2023) [? ]

Aict al. (2023) [7 ] eview of the research  SL
1 frameworks for crack
res from multiple materials, includ-

e, and metal-like materials.

!
detection of civil
ing asphalt, concr

Yuan et al. (2024) [? ] Based on the main research methods of the 120 documents, we  SL
classify them into three crack detection methods: fusion of tra-
ditional methods and deep learning, multimodal data fusion, and
semantic image understanding,

Xu et al. (2024) [7 | This article systematically summarizes recent advances in FSL FSL

alg and the cor g applications in SHD for civil
infrastructure.
Amirkhani et al. (2024) [? ] This survey aims to study the recent progress of vision-based con-  SL, SSL, WSL,

crete bridge defect classification and detection in the deep learning  USL
era.
Ours (2025) DL & k segmentation is the focus of this survey, with trends ~ SL, SSL, WSL, DA,
igm, generalizability, and da omprehen-  FSL, USL, FM
d and categorized. A professional dataset, 3DCrack,
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Dataset Year Description Image Characteris-
tics
CrackTree200 [? ] 2012 206 pavement images containing various types of 600 x 800
cracks, including distractions such as shadows and
occlusions.
CrackIT [? ] 2014 84 pavement surface images collected using an opti- 1536 x 2048, 1
cal device during a traditional road survey. pixel ~ 1 mm 2 |
grayscale
CFD [? ] 2016 118 urban road crack images captured using a smart- 320 x 480
phone with fixed camera settings in Beijing, contain-
ing common noise such as shadows.
Crack500 [? ] 2016  pavement images collected on the Temple University 2448 x 3264, 3-
campus using a smartphone. channel (RGB)
AEL [? ] 2016 269 pavement images (68 annotated) collected us-  No uniform size
ing five acquisition systems (AigleRN, ESAR, LCMS,
LRIS, TEMPEST2). Also referred to as the Sylvie
Chambon dataset.
CSSC [? ] 2017 954 concrete crack images collected via web search; 100 x 100 and 130
crack shapes are stochastically distributed. x 130
FCN [7 ] 2018 800+ images of pavement and concrete wall cracks 224 x 224; resolu-
with varying widths (1-100 pixels) and complex tion: 72-300 dpi
shapes. Includes internet and real-world images from
Harbin, China.
CRKWHI100 [? ] 2018 100 pavement images captured using a line-array 512 x 512, ground
camera under visible-light illumination. sampling  distance:
1 mm
CrackTree260 [? | 2018 260 pavement images (expanded from Crack- 600 x 800
Tree200 [? ]) captured using an area-array camera
under visible-light illumination.

CrackLS315 [? ] 2018 315 pavement images captured using a line-array 512 x 512, ground

camera under laser illumination. sampling distance:
1 mm

Stone331 [? | 2018 331 stone surface images captured using an area- 512 x 512
array camera under visible-light illumination.

DeepCrack [? ] 2019 537 crack images from internet and real-world 544 x 384, 3-
sources, covering varied textures, materials (asphalt, channel (RGB)
concrete), and crack widths (1-180 pixels).

GAPs384 [? ] 2019 384 asphalt pavement crack images s ed from 1920 x 1080, 1.2
the German Asphalt Pavement Distress (GAPs) mm/pixel, 8-bit.
dataset [? ]. grayscale

KolektorSDD [? ] 2019 52 crack images contained in 399 electrical commu- 1408 x 512
tator surface images.

Khanh11k [? ] 2019 112,000 images with varied crack conditions and en- 448 x 448
vironments, merged from multiple datasets including
CrackTree200 [? ], Crackb00 [? ], GAPs384 [? |,

CFD [? |, and AEL [? ].
UAVT5 [? ] 2019 75 images captured by unmanned aircraft systems 512 x 512
(UAS), containing various cracks and planking pat-
terns (visually similar to cracks).
DIC [? ] 2020 530 image patches from 8 laboratory stone masonry 256 x 256

wall specimens, captured for digital image correla-
tion (DIC) under various loading levels and support
conditions.

Table 2. X TREENEIN AT IBARELEL (£ 1/2).
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Dataset Year Description Image Characteris-
tics

Masonry [? | 2021 11,491 image patches (4,057 with cracks) from 469 224 x 224
masonry surface photos with varied resolutions,
crack types, and background noise.

Ceramic [? | 2021 rack images with varied crack shapes, 256 x 256, 3-

and imaging conditions (e.g., scale, channel (RGB)
angle, illumination).

CrSpEE [? ] 2021 2,229 images with cracks and spalling on various ma- 147 x 288 to 4600
terial types and at different scales. X 3070

BCL [7 ] 2021 11,000 image patches from 50+ in-service bridges: 256 x 256
5,769 non-steel crack, 2,036 steel crack, 3,195 noise;
under varied weather, lighting, and imaging condi-
tions.

Conglomerate [? 7] 2021 10,995 crack images synthesized from nine public 512 x 512
crack datasets [7 7 7 7 7 7 ] via normaliza-
tion, noise removal, and resizing.

LCW 7 7] 2021 3,817 bridge inspection images with varied light- 512 x 512
ing, background materials, crack widths, and scales.
Named as Labeled Cracks in the Wild (LCW)
dataset.

Syncrack [? ] 2022 600 synthetic crack images (expandable) generated 480 x 320, 3-
under varying noise levels using the proposed crack —channel (RGB)
generator.

TopoDS [? | 2022 692 stone masonry images expanded from DIC [? 256 x 256
], including cracks on lab specimens and real-world
damaged buildings.

CrackSeg9k [? | 2022 9,255 crack images refined from ten public crack 400 x 400
datasets [7 7 7 7 ? ? 7 | via resizing, noise
removal, distortion, and refinement.

S2DS [? ] 2022 232 crack images from the 743-image Structural De- 1024 x 1024
fect Dataset (S2DS), collected at real inspection sites
using various camera platforms.

FIND [? ] 2023 2,500 crack image patches from bridge deck and road- 256 x 256, image
ways obtained by a laser scanning device, containing  types: raw inten-
surface elevation information. sity, raw range, fil-

tered range, and
fused

CrackMap [? | 2023 120 road crack images collected using a vehicle- 256 x 256, 3-
mounted RGB camera, representing typical road channel (RGB)
scenes.

Crack900 [? 7 ] 2023 914 sets of visible and infrared (IR) images captured 384 x 288, image
from masonry walls using solar heating as the sole types: RGB, IR,
heat source. RGB_IR,RGB_T,

fused

TUT [7 ] 2024 1,408 crack images from mobile phones (1,270) and 640 x 640
online sources (138), featuring diverse, real-world
backgrounds and complex crack patterns.

SegCODEBRIM [? ] 2024 420 crack segmentation labels added to CODE- 1500 x 844
BRIM, a concrete defect dataset for bridges.

MCrack1300 [? ] 2024 1,300 masonry crack images sourced from Crack900, 640 x 640
online images, and mobile phone photos, covering
diverse brick types and crack patterns.

OMNICRACK30K [? ] 2024 30,017 crack images synthesized from 20 public No uniform size
22222222722 7272°277
7 7], with duplicates and noise removed, and class
imbalance addressed.
Ours 2025 1,634 pavement 3D images from asphalt and concrete 512 x 624, 4
surfaces, collected using a mainstream survey system mm/pixel,  8-bi
under varied environments and crack severities; each  grayscale

pixel encodes pavement elevation.

Table 3. 2L EIH) A TF AT BRI E (£ 2/2).
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Method Metric DeepCrack 3DCrack

25% 50% 75 % 100 % 25% 50% 75 % 100 %
ResUNet 0.694 0.717 0.725 0.725 0.456 0.648 0.694 0.703
DeepCrack 0.667 0.674 0.701  0.706 0.435 0.504 0.639 0.662
Deeplabv3+ 0.667 0.708 0.707 0.718 0.385 0.56 0.632 0.635
XcepUNet ToU 0.673 0.684 0.702 0.708 0.41 0.482 0.622 0.661
SegFormer 0.664 0.701 0.701  0.709 0.413 0.56 0.632 0.635
UniMatch 0.665 0.672 0.702 0.675 0.267 0.346 0.551  0.567
UniMatchv2 0.696 0.700 0.707 0.732 0566  0.47 0.611  0.665
CrackSAM 0.723 0.748 0.748 0.751 0.564 0.588 0.592 0.6
ResUNet 0.831 0.866 0.87 0.879 0.607 0.81 0.82 0.827
DeepCrack 0.838 0.834 0.873 0.859 0.57  0.686 0.762 0.805
Deeplabv3+ 0.838 0.839 0.855 0.834 0.52  0.705 0.736 0.733
XcepUNet Precision 0.843 0.838 0.874 0.895 0.6 0.659 0.827  0.803
SegFormer : 0.795 0.818 0.844 0.829 0.53  0.705 0.736 0.733
UniMatch 0.789 0.819 0.815 0.87 0.306 0.353 0.608 0.658
UniMatchv2 0.821 0.784 0.816  0.85 0.736  0.576 0.694 0.753
CrackSAM 0.847 0.823 0.849  0.86 0.661 0.685 0.691 0.703
ResUNet 0.825 0.82 0.827 0.817 0.552  0.727 0.778  0.782
DeepCrack 0.793 0.799 0.788  0.809 0.558 0.586 0.738 0.741
Deeplabv3+ 0.779 0.831 0.817 0.853 0.521  0.683 0.763 0.767
XcepUNet Recall 0.788 0.804 0.787 0.783 0.486 0.566 0.668 0.739
SegFormer 0.822 0.839 0.82 0.844 0.563 0.683 0.763 0.767
UniMatch 0.837 0.811 0.853 0.767 0.639 0.654 0.747 0.725
UniMatchv2 0.84 0.886 0.863 0.852 0.66 0.626 0.765 0.811
CrackSAM 0.844 0.901 0.873 0.862 0.716  0.736  0.745 0.748
ResUNet 0.808 0.825 0.833 0.833 0.557 0.747 0.788  0.795
DeepCrack 0.784 0.787 0.81 0.812 0.538 0.602 0.735 0.758
Deeplabv3+ 0.786 0.819 0.818 0.827 0.496 0.673 0.74 0.741
XcepUNet Dice 0.79 0.794 0.811 0.817 0.503 0.582 0.72  0.754
SegFormer 0.785 0.813 0.816 0.821 0.521 0.673 0.74 0.741
UniMatch 0.783 0.786 0.815 0.793 0.361 0.434 0.66 0.675
UniMatchv2 0.812 0816 0.822 0.84 0.673 0585 0.2  0.771
CrackSAM 0.828 0.848 0.848 0.85 0.676 0.699 0.704 0.711
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BRI 512 x 624 B3R, FFHRFNE 4 2K
P, REER) LIRS A IR AR T B AR
PAR DR S [7 ] .

4. 9% & KB
B TR AGBFSE, FAE 3DCrack ¥fask Lt JL

MR AL AT R AE IR, DU R RE. BT
[RE A a2 S R e ¢ S NI K23 €= =

11

B, B SIM E S hER S
Mo BT R T urERE, H A E AN KA
& BN, HAERARIR R AR S 42 A Bt
hid SR Ty YA PRI AR AR

AT VAR BIVERE, FRATRA AN s bR 3O
e (ToU). ¥5R. HHZEA Dice 240, XEIEHRE X
R TP REEIES], FP AFMBIES], FN R FE kA
il

TP
I = 1
U= Py FPLFN (1)
TP
PreCiSiOn = m (2)
TP
l=———
Recall = 757N 3)
2.-TP
Dice = (4)

2-TP+FP+FN

TE R RB LI, FAIXT 3DCrack Ml Deep-
Crack [? | ST AH R AN SRR it i B, DA
AR AN R B 4 B R B, R AT
3DCrack #4 WEEFPEAL . J514HY DeepCrack %74
UOUESE, RICFRATRE AR MHRZE DA 1:1 B LBl 4 A
B UE SE A5
4.1. B & B
4.1.1. LR
TEHUB L, FRATREE T — 4 AR, K
P2 i B AU AE [ 15 23 FIAT: 55 v AR A 1A 50 DA
KARTZE G S . HRm =, RO T HA
PIFAR 32 T4t ger) U-Net  [? ] %244 ResNet [?
| 1 Xception [? ] . ResNet 3T PAHAR 245658
TR AL, BERS T Bl 5% M0 B 3 2% A A Bl R AiE
L% . 5—J71H, Xception 32 F) ¥R B AT 43 B4
BORSE BRI R M. Bah, BAIGIAT %
T T 2EER M PR DeepCrack [?7 ], ZBIAUAER
BRSNS R S5 T R B €. Deeplabv3+ [?
| PSR K ATE U EIRE M A TR B Y
233 28 0] 4 7 B A A G S - R S8 e, T ASKEER
KIS L. HT SegFormer [? ] FEi 5 HE N
ARSI EBL, WHITAEN, B4E TR TA LR
FI gD RN EL B R g, SEPL T R RORIER G 0 5.
P T 248 53 I B8 CrackSAM [? | 49
FEAEL, FURHEE R SRR

NoF 2 B BG: R A AR 2R 3 2o R A AR 2 I R
AR RO DAL B 0 R HEA T RS, (AT RS PR
NIHEFRZERR B R ERENE . S TRb X B4k, 38
MIIBALEE T & A2 e BHE A EIR T ) SR 3 R ik
UniMatch vl & v2 [? ? | . UniMatch i@ —&41E
AL I PFRZE S, A 850R F A bric s, I7EA IR
B R R T IR PERE . 8B4, UniMatch v2 SR
F TR B SRR gis et DINOv2 (7]

www.xueshuxiangzi.com



DeepCrack

Input

GT

i

DeepCrack

UniMatch v2

CrackSAM

3DCrack

---“
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Method Motric Zero Shot Many Shot
DeepCrack 3DCrack DeepCrack 3DCrack
ResUNet 0.441 0.279 0.633 0.67
DeepCrack IoU 0.387 0.181 0.557 0.584
CrackSAM 0.502 0.3 0.711 0.6
Cycle GAN 0.621
ResUNet 0.589 0.298 0.848 0.824
DeepCrack Precision 0.64 0.207 0.793 0.723
CrackSAM i 0.551 0.319 0.834 0.699
Cycle GAN 0.776 - - -
ResUNet 0.731 0.729 0.736 0.732
DeepCrack Recall 0.602 0.633 0.681 0.682
CrackSAM 0.903 0.758 0.846 0.742
Cycle GAN 0.768 - - -
ResUNet 0.568 0.375 0.742 0.767
DeepCrack Dice 0.514 0.27 0.674 0.686
CrackSAM 0.644 0.392 0.816 0.711
Cycle GAN 0.745
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