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ABSTRACT 
 

In this paper, we developed techniques to identify and quantify the damage to 
bridges based on images obtained by the unmanned aerial vehicle (UAV). Currently, 
the bridge inspection is carried out through a visual inspection by manpower but has 
limitations on the accuracy of the inspection and accessibility of the bridge. Thus, the 
method of bridge inspection using unmanned inspection equipment is expected to 
complement the limitations of these existing methods and replace them altogether. The 
process of detecting and quantifying damage is usually three steps, the first step was to 
acquire images using UAV and second step was image processing using MATLAB, the 
third step was to quantify and express damage on original images. Performances of the 
technique were evaluated through lab-test and field test. The width of the cracks in the 
steel and concrete bridge deck surface and pylon was quantified in units of 100μm. The 
non-contact bridge damage detection technology proposed in this study can be applied 
to the actual bridge inspection field and it is expected that the economic and technical 
efficiency will be high. 
 
1. INTRODUCTION 

 
Recently, the importance of safety and maintenance has been emphasized due to 

the recent construction of large bridges and the deterioration of existing bridges. 
However, most of the maintenance work is dependent on the manpower. Moreover, 
compared with developed countries, the development of the domestic facilities 
maintenance market is insufficient and the maintenance technician is more needed for 
the safety of the aging facilities. 

Appearance inspection is carried out by inspecting the exterior problems of 
bridges by using skilled professional manpower, ladder special vehicles, and 
equipment or by using safety diagnostic devices pre-installed on bridges. Current visual 
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inspection methods using special vehicles are also burdensome in terms of economic 
efficiencies, such as traffic congestion caused by vehicle control and installation of 
safety equipment to ensure the safety of investigators. Especially in the case of 
spherical bridges, safety devices for investigators are not installed or insufficient. 

The appearance inspection of the bridge by the drone can reduce the cost of 
bridge safety diagnosis relatively because the use of the input manpower and special 
equipment is minimized. In particular, periodic shooting by the drone and the situation 
of the bridge inspection can be recorded, and a database can be used for regular 
safety inspection of the structure.  

In this paper, it covers only the cracks among various apparent damage to the 
bridge. Cracks in the surface are one of the initial signs of degradation of the structure, 
which is essential for maintenance, and sustained exposure can cause severe damage 
to the environment. Particularly, in the case of concrete structure, cracks of 300 
micrometers or more are the criteria for evaluating the condition of bridges. In the case 
of steel structures, cracking itself may cause serious structural damage. 
 
2. Theoretical Background 
 
2.1 Otsu’s threholding 

 
The chromaticity value at the boundary between the regions is called the 

threshold value. One of the threshold calculation methods for calculating the threshold 
value optimally is the Otsu method. In 1972, Nobuyuki Otsu proposed a threshold 
calculation method to find the optimum T value by using the variance in class and the 
variance between classes. In the case of the distribution method in the class, since the 
dispersion value indicating the degree of the pixel distribution is smaller and the 
dispersion method between the classes is the inverse of the dispersion in the class, the 
larger the dispersion value, the better the optimal T value can be obtained.  

Intra-class variance is defined as 
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where ߱଴ and ߱ଵ are the probabilities of the two classes separated by the threshold T, 
and ߪ଴

ଶ and ߪଵ
ଶare variances for these two classes. The probabilities are computed 

from L histogram: 
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The class mean value can be calculated as 
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And the individual class variances can be obtained using 
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A number between 0 and 255 should be assigned to T and the corresponding 
intra-class variances are computed using the above formulas. The value of T 
corresponding with the maximum intra-class variance is the thresholding value called 
Otsu’s value (Otsu 1979). 
 
2.2 HSV color space 
 

HSV color space is defined with hue, saturation and the value of a color. A hue of 
color (H) is the pure color resemblance, which is described by a number between 0 and 
1, specifying the position of the pure color on the color wheel. The saturation Value (S) 
of a color stands for how white the color is. For instance, a pure red has the saturation 
of 1, while the white has the saturation of 0. The value of a color (V) represents the 
lightness of the 39 color, for instance, a pure black has V value of 0. The cracks 
showed larger values in the S component of the color image. This characteristic is used 
to categorize cracks from irrelevant objects that have not been cleared from the image 
yet (Lins and Givigi 2016). 
 
3. Proposed crack diagnosis algorithm 

 
The process of detecting and quantifying damage usually consists of three steps, 

the first step was to acquire images through UAV and second step was image 
processing using MATLAB, the third step was to quantify and express damage on 
original images (Mohan and Poobal 2017). Considering the general order of diagnosis 
algorithms, an algorithm for detecting the cracks in the surface (concrete, steel) is 
proposed and is shown in Fig. 1. 
 

Step 1: Image Acquisition 
 
Generally, the image is captured using the CCD camera mounted on UAVs, and 

the higher the number of effective pixels, the better the image processing. And then 
read the video file to extract the frame containing the region of interest area and save it 
as a JPEG file format. 

 
Step 2: Image pre-processing and post-processing 
 
In the proposed method, the original image was converted to a grayscale image. 

A median filter was applied to reduce a noise like a stain or blurring on image and to 
smooth the image. The Otsu’s thresholding algorithm is used to convert the intensified 
edge image to a binary image. In this step, Area thresholding algorithm which is 
remove the object area less than 150 pixels. Since the shape of the crack is not 
perpendicular or horizontal, the connected components with the orientation of 0 and 90 
degrees were then removed through the orientation based elimination technique. To 
remove the small noise remaining on the image, the objects with an area less than 50 
pixels were eliminated. Finally, using the crack properties in the HSV color space, 
cracks from other surfaces irregularities such as edges and watermark, stain were 
separated.  



 

 
S
 
T

original 
number 
crack is 

 
4. Expe
 
4.1 Lab-
 

In
propose
jig to sim
fatigue c
algorithm

 

T
As a re

Step3: Crac

The region
image. Th
of effectiv
quantified 

rimental V

-test for va

n this sect
ed above. T
mulate the
cracked st
m. Fig. 2 s

The crack d
sult of app

Fig. 1 

ck detectio

 where th
hrough the
ve pixels 
 using the 

Validation 

alidation of 

ion, a lab 
The lab tes
e situation 
teel specim
hows a set

detection a
plying diag

The propos

on and Para

he crack is
e blob dete
recognized
pre-calcul

the propos

test was c
st was perf
on a dron

men made 
tup for the 

Fig. 2 S

algorithm w
gnosis alg

sed crack d

rameter est

s detected
ection tech
d as crack
ated pixel 

sed diagno

conducted 
formed by 

ne and usin
using UTM

 lab-test.

 
Setup for the

 
was implem
orithm, the

iagnosis alg

timation 

d is visual
hnique and
ks is calcu
rate value

osis algorit

to verify t
installing a
ng a came
M and the

e lab-test 

mented thr
e cracks o

gorithm 

ized by re
d pixel calc
ulated, and
. 

thm  

he crack d
a CCD cam
era to acqu
n applying

rough the 
of the stee

 

ecombining
culation st
d the widt

detection a
mera on a 
uire an im
g a crack d

MATLAB p
el specime

g on the 
teps, the 
th of the 

algorithm 
movable 
age of a 
detection 

program. 
ens were 



quantifie
the error
 

 

4.2 Field
 
     In 
imaging 
Bridge lo
experim
shown in
FDR 300
of variou
 

M
Sh

Im

 
A

detected
distance
Later, if 
distance
that the 
microme

ed and sho
r of the pix

d-test for v

this chapt
equipmen

ocated in C
ent was d
n Figs. 4 a
00r, and e
us images 

UAV(
(

Fig. 4

Table
Type 

Min. Focus  
hutter speed 
mage size 

Weight 

As shown i
d as a cra
e informatio

accurate 
e between 

micro cra
eters. 

owed the e
xel rate wa

Fig. 3 Step

validation o

ter, we car
nt mounte
Chuncheon

developed 
and 5. The 
ach of the 
(see Table

(Ex-drone)  
L: FDR 3000
4 CCD cam

e 1 Specific
HDR-PJ

1m
1/60 (6

24.1MP (65
660

n Fig. 6, it
ack, but th
on betwee
pixel rate 
the target
cks on the

error of abo
s 13%, wh

ps for applic

of the propo

rried out a
ed on the 
n, which is
for a profe
CCD cam
two differe

e 1). 

 
        CC

0r, R: HDR-P
eras mount

 
cation of CC
J790V 
m 
60fps) 
544x3680) 
0g 

 

 was poss
he pixel ra
en the targ
values can
t structure 
e surface o

out 4% as 
hich was ca

 
cation of cra

 
osed diagn

a visual ins
UAV. The

s a type of 
essional b

mera install
ent types o

CD Cameras 
PJ790V) 
ted on UAV

CD Camera
FDR 3

0.5m
1/30 (3

8.2MP (384
114

sible to cal
ate value 

get structur
n be obtain
and the U

of the stru

shown in F
alculated u

ack detectio

nosis algor

spection of
e inspectio
STB and 
ridge insp
ed on UAV

of cameras

 
       

V 

 
000r
m 
0fps) 
40x2160) 
4g 

      
culate the 
could not

re and the 
ned throug

UAV (LiDar
cture can 

Fig. 3. In th
sing the su

on algorithm

rithm  

f the actua
on target 
PSCB. The
ection by 
Vs was HD
s was used

Fig. 5 Ins
(Deu

number of
be calcu
UAV coul

gh a metho
r sensor, e
be quantif

he case of 
ubpixel co

m 

al bridge w
is the De
e UAV use
Ex-drone 

DR-PER 79
d for the ac

spection us
ungseon Brid

f pixels in 
lated beca
ld not be o
od of obta
etc.), it is e
fied in unit

crack B, 
ncept. 

with CCD 
ungseon 
ed in this 
and was 
90 V and 
cquisition 

 
ing UAV 

dge) 

the area 
ause the 
obtained. 
ining the 
expected 
ts of 100 



 
5. Conc
 

In
concrete
method.
used to 
using a 
possible
structure
by using
safety in
inspecto
 
ACKNO
 

T
Constru
and Tra
Minister 
and Doc
 
REFERE
 
Otsu, N

transa
Lins, R.G

on im
583-5

Mohan, 
review

clusion 

n this pap
e and stee
. Lab-test a

quantify 
CCD cam

e to quantif
e is not ob
g the accu
nspection, 
ors and to c

OWLEDGE

This resea
ction Tech

ansport (M
of Ministry

ctor Course

ENCES 

N. (1979), 
actions on 
G. and Giv

mage analy
590. 
A. and Po

w and ana

Fig. 6 R

per, we pr
el bridges 
and field-te
cracks in 

mera moun
fy the crac
tained. Ho

urate pixel 
it is expe

conduct a 

EMENTS 

arch was 
hnology Re
MOLIT) of 
y of Land, 
e Grant Pr

“A thresh
systems”,

vigi, S.N. (2
ysis”, IEEE 

oobal, S. (
lysis”, Alex

Results of c

ropose an
by improv

est were c
100-micro

nted on an
cks becaus
owever, it is

rate. If th
ected that 
more econ

supporte
esearch Pr
Korean g
Transport 
ogram」

hold selec
 Man, and 
2016). “Au

E Transactio

2017), “Cr
xandria En

crack detect

n algorithm
ving the ge
carried out 
ometer uni
n actual U
se the dist
s expected

he propose
it will be

nomical an

ed by a
rogram fun
governmen

and Mariti

ction meth
d Cyberneti
utomatic cr
ons on Ins

rack detec
ngineering 

tion in the fi

m to detec
eneral crac
to verify th

it. In field-
UAV and a
tance betw
d that the c
ed techniq

possible 
nd accurate

grant (1
nded by M
t and fina
me Affairs

od from g
ics, 9(1), 6
rack detect
strumentati

ction using 
Journal. 

ield test 

ct cracks 
ck detectio
his, and la
-test, imag
analyzed. 
ween the U
crack width
ue is used
to secure

e bridge ins

16SCIP-C1
inistry of L

ancially su
s (MLTM) a

gray-level 
2-66. 
tion and m
ion and Me

image pro

  

on the su
on algorith

ab-test resu
ges were 
However, 

UAV and th
h can be q
d for actua

e the safet
spection. 

1167873-0
Land, Infra
upported b
as 「U-Cit

histogram

measureme
easuremen

ocessing: 

urface of 
hm, Otsu 
ults were 
acquired 
it is not 

he target 
quantified 
al bridge 
ty of the 

01) from 
structure 

by Korea 
ty Master 

ms. IEEE 

nt based 
nt, 65(3), 

A critical 


