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A Study on Development of Portable Concrete Crack Measurement
Device Using Image Processing Techniqgue and Laser Sensors
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ABSTRACT

Since cracks in concrete structures expedite corrosion of reinforced concrete over a long period of time, regular on—site
inspections are essential to ensure structural usability and prevent degradation. Most of the safety inspections of facilities
rely on visual inspection with naked eye, so cost and time consuming are severe, and the reliability of results differs depending
on the inspector. In this study, a portable measuring device that can be used for safety diagnosis and maintenance was
developed as a device that measures the width and length of concrete cracks through image analysis of cracks photographed
with a camera. This device captures the cracks found within a close distance (3 m), and accurately calculates the unit pixel
size by laser distance measurement, and automatically calculates the crack length and width with the image processing algorithm
developed in this study. In measurement results using the crack image applied to the experiment, the measurement of the
length of a 0.3 mm crack within a distance of 3 m was possible with a range of about 10% error. The crack width showed
a tendency to be overestimated by detecting surrounding pixels due to vibration and blurring effect during the binarization

process, but it could be effectively corrected by applying the crack width reduction function.
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(a) Original image

(c) Additional image processing with median blur,
Gaussian blur, adaptive threshold, closing

(b) Image processing with median blur,
adaptive threshold, closing method

(d) Result of applying algorithm

Fig. 1. Results of crack image applying 14 steps morphology method
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Fig. 2. Algorithm of measuring crack
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Fig. 3. Schematic diagram of crack width calculation
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Table 1. Specifications of test device

Configuration

Product specification

Manufacturer

Camera module

Maximum resolution: 4,896 pixels X 3,672 pixels, 18MP
Sensor size: 1/2.3 inch

oCam

Lens

C—type fixed type, FL=12 mm
FOV: Maximum 41.4°, Minimum 23,0°

Edmond Optics

Cross—shpaed laser module

Green, 520 nm, 10 mW, Projection angle approx, 10°~13°

Self production

Laser sensor

Measurable distance 80 m, Precision 0.1 mm

Processor Jetson Xavier NX NVIDIA
Table 2. Resolution data with different shooting distance
Shooting distance

Classification

m 2m 3m
FOV (H) (mm) 513 975 1477
FOV (V) (mm) 351 731 1108

Image size 4,896<3,672 pixels 4,896<3,672 pixels 4,896<3,672 pixels

Pixel size (mm) 0.09 0.19 0.30

Sampling image
(Crack width: 0.3 mm)

Fig. 5. Crack image used in test (size: 570 mm X 420 mm)
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(a) Original image

(b) Crack detection image with denoising

Fig. 6. Result of crack detection (shooting distance 2 m)
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Fig. 7. Result of branch point detection and crack length calculation
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Fig. 9. Result of crack length distribution with different shooting distance

Table 3. Calculation result of average crack width with shooting distance

Classification shooting distance
m 2m 3m
Unit pixel size (p) 0.09 (mm/pixel) 0.19 (mm/pixel) 0.3 (mm/pixel)
Unit pixel number (n) 3.33 (0.3/0.09) 1.57 (0.3/0.19) 1.0 (0.3/0.3)
Number of analysis data 24 22 20
Standard deviation (o) 0.67 0.30 0.23
Variance (&) 0.44 0.09 0.05
Representing pixel number of crack Min, Avg, Max. Min, Avg, Max. Min, Avg, Max
width with shooting distance (ND) 6.31 7.63 855 483 5.17 5,51 459 4.88 5.19
Reduction coefficient (R) 0.53 0.44 0.39 0.33 0.31 0.29 0,22 0.20 0.19
Compensated crack width (W., mm) 0.36 0.29 027 0.32 0.30 0.28 0.32 0,26 0.25
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6 Measured data 08
— Probability density function
5
F0.6
5 47 Avg.:7.63 >
£ STDEV. : 0.67 B
2 3- 04
S D
824
F0.2
14
0 +——rrrrrrr—rrrrrrr T 0
4 5 6 7 8 9 10
Pixel number of crack width
(@1m
6 Measlu‘_efl data ‘ ) 16
— Probability density function
54
F1.2
54 Avg.:5.17 2
£ STDEV. : 0.31 ‘Z
23 Los &
S Q
8 21
04
1
(I e i o o o o o o o o o o o o o o o o o o o 0
4 5 6 7 8 9 10
Pixel number of crack width
(b) 2 m

6+ Measured data 16

— Probability density function
54
1.2
5 41 Avg.:4.89 >
S STDEV. : 0.24 'z
3 08 &
s a
8 24
04
1 .
0 <—rrrrrrrrrrrrrrrrreeeeeeeee 0
4 5 6 7 8 9 10
Pixel number of crack width
()3 m

Fig. 11. Result of crack width distribution for shooting distance
using the proposed method (Avg.: Average, STDEV.:
Standard deviation)

0.5
® Conventional method
Proposed method
0.4 1 ---True value
0.2997 0.3000 0.3045 0.3028 0.3029
03 T---- v R e

0.1 1

Compensated crack width, W, (mm)

0.0 -

1 3 3
Shooting distance, D (m)

Fig. 12. Comparison of the conventional and proposed method
for compensated crack width

2} go7)ed 298 G40 dote] 2AZAol A
% gle.
R=0.045D,—0.335.D+0.82 4)

Table 30]4 HAE FBFHW)Z 71 daAls A (3)

2 o]g3t Avjolm, 1 Avk Aol A AA| FAE
0.3mmo] S ghe LA, B A2sh Hof s
= ABHEr} dolAli AV} Slek B ATelA] Aok 7
A A (@5 olg3tel FAZS AAshe 49 89
elo] M2 #4d Eo| HEL Fig 117} gtk #9% 1A
3 290 Sshs WA 39 FHORNE 7k A
BE GHE e 89 A7t /bigass RED
o EEAA AR BAS Fig. 99 SAI Lehgto.

o] 2 £ 2
A el dneES Austgct 39 252 o)X M
]




2

€)

ojujA] Az7| & #+d F=& A AL Otsud A e
o|= A|A Wo] #dM FHE AAF AL BP

T AEol 2577 wAste] MR wmoj= A
7 o] Zedh Ao® yepdth o] EAl: #4d
Sl A gy 7] Ae deAor Had
lom, oju]x] Az WhollA] o]= o] FAk
2 AL AT E3F Gt S AoR wek

UER ick. At %il% 3m ZF72|oA SHF
A=7] 03mm oJ3kE st #E 0.3mm 7o

—

b5 Ao WrhE|glon, ojulA) blurring®] 3
Oz #Ee olxls} oju|A|7} A= A
Lhehf it

2 Ao A Al HadrE Ol%ﬂo% blurring
P& neelel 3 2L AN & QA Bk ol
AA| Aol FE S Al 2 BIAY A e A
of thste] < S0 ALEE FA7E H =&
o] & Zo|tk

Acknowledgement

This research was supported by a grant from the project

“Portable structures crack investigation device using image

and acceleration sensor,”

which was funded by the Korean

Institute of Civil Engineering and Building Technology
(KICT).

1.

50

References

Doihara, T., Hirono, K. and Oda, K. (1993), “Crack measuring
system based on Hierarchical Image Processing technique.”

International Archives of Photogrammetry and Remote Sensing,

ShEAXMRARSEE=RE  H197 M4s

10.

11.

12.

Vol.29, No.5, pp.155-159.

. Jee, K. H. (2014), “Advanced structure damage measurement

technology — crack image processing technique,” KICT Brief
technical report, pp.11-13. (in Korean)

. Kim, A. R,, Kim, D., Byun, Y. S. and Lee, S. W. (2018b).

“Crack detection of concrete structure using deep learning
and image processing method in geotechnical engineering,”
Journal of the korean geotechnical society, Vol.34, No.12,
pp.145-154. (in Korean)

. Kim, J., Shin, Y. S. and Min, K. W. (2018a), “Line laser

image processing for automated crack detection of concrete
structures,” J. Comput. Struct. Eng. Ins. Korea, Vol.31, No.3,
pp-147-153. (in Korean)

. Lee, B. Y., Kim, Y. Y. and Kim, J. K. (2005). “Development

of image processing for concrete surface cracks by employing
enhanced binarization and shape analysis technique,” Journal
of the Korea Concrete Institute, Vol.17, No.3, pp.361-368.
(in Korean)

. Lee, H. B., Kim, J. W. and Jang, 1. Y. (2012). “Development

of automatic crack detection system for concrete structure
using image processing method,” Journal of the Korea Institute
for Structural Maintenance and Inspection, Vol.16, No.l,
pp.64-77. (in Korean)

. Liu Y, Yao J, Lu X, Xie R. and Li L. (2019). “DeepCrack:

A deep hierarchical feature learning architecture for crack

segmentation.” Neurocomputing, Vol.338, pp.139-153.

. Otsu, N. (1979) A threshold selection method from gray-level

histogram. IEEE Transactions on Systems, MAN, and Cyber-
netics, vol. SMC-9, No.1, pp.62-66.

. Sonka, M., Hlavac, V. and Boyle R. (2015). “Image processing,

analysis, and machine vision.” 4th edition of CL Engineering,
Boston, MA.

Soycan, A. and Soycan, M. (2019) “Perspective correction of
building facade images for architectual applications.” Eng-
ineering Science and Technology and International Journal,
Vol.22, pp.697-705.

Tanaka, N. and Uematsu, K. (1998) “A crack detection method
in road surface images using morphology,” Proceeding of
IAPR Workshop on Machine Vision Application, Chiba,
Japan, pp.154-157.

Zhang, W., Zhang, Z., Qi, D. and Liu, Y. (2014) “Automatic
crack detection and classification method for subway tunnel
safety monitoring.” Sensors, 14, pp.19307-19328.



