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Detection Models for Detecting Concrete Crack
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Abstract Image-based automated crack detection techniques have been developed to support the
efficient maintenance of concrete structures, and studies in which deep learning techniques into crack
detection are applied to enhance the detection performances under general conditions have increased.
This study compared the performances of crack detection between different types of deep learning
models. To conduct a fair comparison of each model, open crack image data of approximately 4,000
were used to train, validate, and test the object detection and instance segmentation models of YOLOv7
and then investigate each model performance. After training both object detection and instance
segmentation models, the models have a mean average precision (mAP) of approximately 0.6 (at 0.5-0.95
threshold); the object detection model has a slightly smaller mAP than the segmentation and slower
convergence rates than the segmentation. On the other hand, the differences between both models for
metric and convergence rate are small, and the metric of the object detection model almost approaches
that of the segmentation as training epochs increase. In addition, analyzing crack detection images
visually, the models found were hard to detect micro-cracks or cracks on a dark background, and the
meaningful superiority of detection performance between each model was not confirmed.

Keywords : Concrete Crack Detection, Deep Learning, Instance Segmentation, Object Detection, YOLOv7,
Automation
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2.1 g2id 48T fx: YOLO

YOLO(You Only Look Once)= tHEZQ A4 7
A BE2, 34 AAo] digt 27 9 AR 9
2 715 Aol ST EHN HE AF] SE FH
g 5 e AHol AthFig. 1). YOLOV2HE=
FCNN(Fully Convolutional Neural Network)S &
Sff oJu|R] =27] 9 A o]w|R] W 917 FEE HEF
Oo&H SR ot A& AJ57HA A 76k
o} ZF wHd Q9 BX HIE A2sto] Table 1]
12 o=

Sx S grid on input

Class probability map

Fig. 1. Schematic unified detection concept of
YOLOI24]

Table 1. Architectures of YOLO models[22,25-27]

Model Neural Network| Backbone Neck
YOLOv1 CONV+FC GoogleNet24 -
YOLOv2 FCNN DarkNet19 -
YOLOv3 FCNN DarkNet53 FPN
YOLOv4 FCNN CSPDarkNet53 | SPP, PANet
YOLOvV5 FCNN CSPDarkNet53 PANet
YOLOVG FCNN c g)e}{’;(ggck RepPAN
YOLOv7 FCNN E-ELAN PANet

2.2 YOLOv7: ZiH| ZX| ZH

2 =22 A4 A € AAE Al1dEeld RS
T+ HEol HEsr] fsf 20229 740 HxEH
YOLOv7[22]% ©l-85t3itt. YOLOv7ollA 22tz &
o]d nEy} tf2 4 ImageNetS] AP gk #iET) ARE
o4l MS-COCO tglo|ejAlnt-g o537t E-ELAN &7
= AHESEA HEot AL E JWdste s AA =
= Holtt. E3 7|E 2d3 g 2yl uiziss A
ARZ 91%F Compound model scalingo]2h= 78S &
dstaion, AAAA A& Ao] £ == Head 3=
UHH Z7 2%E & (Coarse for auxiliary and
fine for lead loss) 2712 AT 2N 22 53 71
AstAth(Fig. 2a).

2.3 YOLOV7: 7HHMI& MIHE|o|M e

YOLOv72 7|82 02 A 744 do]ik(Fig. 2b)
A A A3tof| BlendMask7| < 71224 Fig.
2co] YERA e} o] A Al adEold mE: A
S3cH23). Y 7S Ao 2 Al e ol B
dlof| o] A5 Mask R-CNNXT} &k 9l 22 o
A 28 AZHS 20% BHEE & = FAo0Z IEA
QATH28].

Detection

2x

(a)

() (©

Fig. 2. YOLOv7-mask model for instance
segmentation[27,29]

(a) YOLOv7-mask architecture (b) Object detection by YOLOv7

(c) Instance segmentation by YOLOv7
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Annotation data

Class Annotation data
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Fig. 3. Annotation formats of YOLOv7 models
(a) Instance segmentation (b) Object detection
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dx = (3)

@

(xmax ~ Tmin )/2

dy = (ymax _ymm)/2

Where, x. denotes x coordinate of the bounding
box center, y. denotes y coordinate of the
bounding box center, dx denotes the width of
the bounding box in the x direction, and dy
denotes the height of the bounding box in the y
direction, xmax denotes the maximum coordinate
of an instance segmentation in the x direction,
Xmin denotes the minimum coordinate of an
instance segmentation in the x direction, ymax
denotes the maximum coordinate of an instance
segmentation in the y direction, and ymin denotes
instance

the minimum coordinate of an

segmentation in the y direction.
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Fig. 4. Automated annotation of crack image samples for object detection from instance segmentation
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Fig. 5. Training of crack detection models: object detection and segmentation models
(a) Box loss curves: Train(upper) and validation data(lower) (b) Precision and recall curves: Precision(upper) and recall(ower)
(c) Mean average precision curves: Threshold 0.5(upper) and 0.5:0.95(lower)
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SET 1 Image 1
; crcclf 0.77:

;:,
|

Segmentation | SEEack

Object detection

SET 2

crack 0.88

Segmentation :
crack 0.57

Object detection

SET 3

Segmentation

Object detection

SET 4

Segmentation

Object detection

Fig. 7. Crack detection image comparison with results from segmentation and object detection models for test
data
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Table 2. Comparison with main metric of object
detection and segmentation models for
validation and test data (V: Validation, T:

Test)

mAP:

Model Data| Flmax P@F1lmax | R@F1may 0.5~0.95
Object \% 0.805 0.862 0.755 0.620
detection | r | o734 | 0805 | 0674 | 0529
\% 0.807 0.820 0.795 0.655

Segmentation

T 0.762 0.797 0.730 0.572

Table 3. Crack detection statistics of test images
N=112 Set 1 Set 2 Set 3 Set 4

Count 22 6 79 5
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