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ABSTRACT 
 

Conventional crack detecting inspections of structures have been mainly based 
on visual investigation methods. Huge and tall structures such as cable bridges, high-
rising towers, dams and industrial power plants are known to have its inaccessible area 
and limitation in field inspection due to its geometry. In some cases, inspection of 
critical structural members is not possible due to its spatial constraints. With rapid 
technical development of unmanned aerial vehicle (UAV), the limitation of conventional 
visual inspection could be overcome with advanced digital image processing technique. 
In this study, the crack detecting system using UAV and digital image processing 
techniques was developed Structure inspection system to detect cracks in structure. 
 
1. INTRODUCTION 
 

Massive disaster and safety-accident have frequently occurred all over the world. 
Accordingly, interest in the safety inspection and maintenance of infrastructure facilities 
has soared. However, structure inspection and maintenance techniques applied until 
the present are time-consuming and expensive and there is a limit to that objectivity of 
the results can fall due to the subjective judgment of the inspector. The need for a 
system capable of inspecting and investigating the structure more efficiently and 
preventing a disaster promptly and obviously has emerged. This study presents the 
potential of technology used in the inspection and investigation of the structure by 
combining the drone (UAV) technology in progress of a recent breakthrough and study 
and digital image analysis techniques. 

UAV technology has been developed for military purposes, but in recent years, it 
has been used for various purposes in different forms in the private sector as spread to 
the public sector. A rotary-wing UAV for spraying pesticides is a representative field of 
the highest availability of UAV and captured images by using UAV have been applied 
to a broadcast. Also now it is being applied to unmanned courier services and its 
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usability is getting higher due to the effect of fast delivery and cost saving. Some 
countries are conducting sustained study for high-altitude long-endurance typed UAV 
technology development in order to replace the costly satellite technology and use as a 
means of communication and relay. UAV technology has been greatly developed in 
technical complexity and convergence during a relatively short period of time and it has 
been rapidly spread enough to be used by laypeople as well as experts. However, 
since the study applying the UAV technology to the inspection and maintenance of 
structure is insufficient so far, this study suggests an application method of UAV 
technology for inspection and investigation of infrastructure facilities. If the UAV 
technology is used in inspection and investigation of infrastructure facilities, it will be 
able to conduct a safety check and inspect high areas and narrow passages, which are 
difficult or impossible to access by manpower, and further improve the safety of the 
structure. This study is to develop a new structural inspection system with analyzing the 
type and characteristics of the UAV currently in use, determining the optimal 
performance specification, acquiring digital images through the determined UAV and 
applying by image analysis techniques with morphology method based on 
morphological hydraulics. Damage detection techniques through digital image analysis 
(processing) are used in various fields such as quality control, surface inspection, non-
destructive structural health monitoring and etc., but there is almost nothing about a 
study or technology which is able to detect damage and cracks on the surface facilities 
by acquiring the image of structure and analyzing it. 

Therefore, this study was aimed at developing the new structural inspection 
system able to detect and analyze the crack, a typical degradation factor of concrete 
structures by combining the application of UAV and the digital image analysis 
technique. In addition, applicability and reliability of the analysis technique were verified 
with the tests of cracked concrete structure by evaluating the crack detection technique 
and comparing calculated crack width through the image analysis and actual crack 
width. 
 
2. CLASSIFICATION AND APPLICATION OF UAV 
 

UAV means the entire system such as remote control without a pilot on board, 
autonomous flight by automatic or semi-automatic mode according to the pre-
programmed path and artificial intelligence aircraft, ground control equipment, 
communication and support equipment to perform the duties by its own environment 
judgment. 
 

2.1 Classification of UAV 
 

2.1.1 Classification by weight 
UAV is not easy to classify clearly in one criterion due to various forms, functions, 

operating systems, purposes and etc. and there are different names such as Drones, 
Remotely Piloted Vehicles (RPV) and Unmanned Aircraft System (UAS). The weight 
criterion differs from country to country, but Model Aircraft is classified as small (150kg 
or less than 150kg) and large unmanned aerial vehicle (150kg or more than 150kg) by 
European standards of UAV in use as shown in Table 1. 



  

Table 1 Classification according to weight 

 Weight Range UAV 

Model 

Air 

craft 

Each country 

12, 20, 25, 30, 35 kg 

or less 

Various criteria 

-Engine displacement: 50CC or less 

-Applications of Recreation, Sports, Leisure 

-Only fly in Line of Sight 

-Prohibited aboard an organism 

Small UAV 150 kg or less 

-Only fly into 400ft from the surface 

-Fly in sight of the pilot (500m) 

-The maximum speed is limited to 70kts 

-Kinetic energy should not exceed 95(Kilo Joules) 

Large UAV 150 kg or more -Generally, type approval is required 

 
2.1.2 Classification by flight type 
The flight type is classified as fixed wing and rotary wing by the general UAV form 

and applied with each pros and cons according to existence of the runway or open 
space, endurance time, performing time and weather effect. In case of fixed-wing UAV, 
long-endurance is possible by relatively small fuel consumption and it needs the 
runway or open space for takeoff and landing due to lower vibration than rotary-wing, 
but in the case of rotary-wing UAV, it is able to take off and land in narrow area due to 
possibility of vertical takeoff and landing and long-endurance is limited by low fuel 
efficiency. Therefore, it is important to select the flight type in accordance with 
conditions of use. The classification according to the flight type is summarized as 
shown in Table 2. 
 
Table 2 Classification according to flight type 

Flight mode Contents 

Fixed Wing 
-As a form of fixed-wing UAV, it is relatively long-endurance due to small fuel consumption 

-Runway or open space is needed 

Rotary Wing 
-The need of only small space due to vertical takeoff and landing 

-As led fuel-efficient, long-endurance is limited 

Tilt-Rotor 
-Variable take-off and landing UAV 

-Difficulty of stability / reliability 

Co-axial 
-Flight duration and the system are stable, easy. 

-Need more drag. 

-Time is needed for high-speed flight entry. 

Multi-rotor type 
-Three or more multiple rotors mounted. 

-Vulnerable to wind. 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
Fixed Wing Rotary Wing Tilt-Rotor Co-axial Multi-rotor 

 

Fig. 1 Classification according to flight type 



  

2.2 Characteristic and Applicability of UAV 
As aforementioned UAV is classified as weight, flight type and etc. but the rotary 

–wing drone with multi rotor has been determined to be most appropriate for the 
structure inspection. Fixed-wing UAV is able to fly at the speed of Mach, fly long 
distance and have no limit of altitude, but it needs the runway and is impossible to 
vertical take-off and land so it has been verified to be inappropriate for the structure 
inspection in this study. Also it should be easy to install Gymbal and image acquisition 
module to acquire the image and collision resistance of the structure should be high, 
but there is a limit of applicability for fixed-wing UAV. 

In this study, rotary-wing typed drone, easy to install Gymbal and image 
acquisition module, is applied. This is a flying method obtaining lift from one or two 
rotors rotated horizontally such as a helicopter and it is classified as Quadcopter, 
Hexacopter and Octocopter in accordance with the number of the rotors. The following 
Table 3 shows typical features of the drones applied in this study to acquire the digital 
images. As a result, Aibotix product has been verified as most superior in price, 
performance and usability and etc. so far and it has been determined as the best drone 
to be applied for the development of the structural inspection system in stability due to 
application of Carbon Fiber Reinforced Polymer(CFRP) housing. 
 
 
Table 3. Comparative Analysis of Drones 

Product Propeller Classification Payload(kg) Flight Time(min) 

DJI Phantom 2 Vision+ 4 Quadcopter 0.3 25 

DJI S1000 8 Octocopter 11 15 

3D Robotics IRIS 4 Quadcopter 0.4 15 

3D Robotics RTF X8 8 Octocopter 0.8 12 

AiBotix X6 6 Hexacopter 2 30 

 

     
Phantom 2 DJI S1000 3DR IRIS 3DR RTF X8 AiBotix X6 

 

Fig. 2 Types of drones 
 

 

3. Development of the crack detecting system of structures by using image 
analysis techniques 
 

Cracks in the concrete structures are inevitable phenomenon and crack width in 
need of repair is limited to judge the structural and durable effect of the cracks on the 
structures. In this study, the image analysis technique which is capable to inspect the 
exterior of structures, detect cracks and calculate crack width and a program with the 
technique were developed. 



  

The below three core technologies shall be considered to develop the technology 
possible to detect cracks and calculate crack width of large structure through the digital 
image analysis and to put this technology to practical use. 
 

① Optimal digital image acquisition and filming equipment configuration 

② Crack analysis technique of a number of mass digital images 

③ Combining technique of multiple images that different positions are captured 

 

 

Fig. 3 Procedure of multi0image processing for crack detection 
 

3.1 Development of crack detecting technique by using digital image 
A number of effective image processing technology and pattern recognition 

techniques such as pretreatment by filtering, overlapping recognition and form 
detecting of image, combining and etc. must be considered in order to detect cracks in 
the structure with the image analysis technique. The techniques are effectively 
applicable when captured images have poor quality or image correction is required for 
extracting the specific element. In this study, the image analysis technique conducted 
to detect cracks automatically was applied with procedure of pre-processing, pattern 
recognition, and crack detection. 

 
3.1.1 Development of crack detecting technique 
On inspection of various image analysis techniques in this study it has been 

verified that the morphological operation is effective for crack detection. The 
morphology techniques being translated into morphological processing or morphology 
in a dictionary definition to the process of manipulating the image shape is used as the 



  

concept of mathematical morphology with a tool for extracting useful elements in 
expressing territory shape such as boundary, frame and block. 

In this study, it has been attempted to clearly detect the crack structure inherent in 
the captured images with using the morphology techniques. The crack detection 
procedure is accomplished through a major process of segmentation, feature extraction 
and decision making. If the captured images have poor quality or image correction is 
required for extracting the specific element, pre-processing must be performed to 
improve the quality of image before image analysis for actual crack detection. 

 

 
(a) Raw crack images 

 
(b) Dark crack segmented using morphological techniques 

 
(c) Final crack segmentation 

Fig. 4 Crack segmentation using morphological techniques 
 

The process of separating horizontal and vertical cracks by the morphology 
techniques is shown in Fig. 4. Raw crack images are represented in Fig. 4(a), the result 
of separating dark crack segment from the images is equal to Fig. 4(b) and Fig 4(c) 
shows final crack segmentation image through post processing. 
 

3.2 Development of crack analysis program 
Specially designed Morphological Link for Crack (MorphLink-C) algorithm was 

applied to analyze images acquired by UAV. MorphLink-C performs to analyze the 
high-resolution image, distinguish between cracked and not in pixels and group among 
adjacent cracks. Then grouping cracks are analyzed and actual crack size is measured. 
When the crack width calculated from the number of pixels of MorphLink-C is converted 
to the crack width in millimeters, the number of pixels used this time becomes 
resolution finally and is possible to quantify the crack width. The quantification of crack 
width is achieved through the steps such as Table 4 below. 



  

Table 4. Crack Quantification Steps 
Step 1 Load original raw images 

Step 2 Convert RGB images to gray scale images 

Step 3 Cut images to only focus on the target area 

Step 4 Sharpen images with Gaussian low pass filter 

Step 5 Using bottom hat method to extract crack from background images 

Step 6 Binary images with Otsu threshold 

Step 7 Filter out those components with small area as pre-denoise 

Step 8 Grouping components if the distances between them are smaller than certain distance 

Step 9 

If the length of the grouped component is smaller than a certain distance, this grouped 

component is filtered out. 

(The rest grouped components are detected cracks) 

Step 10 Measure the grouped cracks’ area 

Step 11 Measure the grouped cracks’ length 

Step 12 Calculate the grouped cracks width in pixels 

Step 13 Calculate the grouped cracks width in mm 

 
 
4. Image acquisition of commercial structures with UAV and verification test of 
crack detecting program 
 

In this study, field test on bridges in common use was conducted for a visual 
inspection, crack detection and reliability verification of program calculating the crack 
width by using UAV and digital image analysis techniques. The test was performed in 
shooting places, where the visual inspection is impossible beyond human control, with 
UAV as shown in Fig. 5. 

 

       

Fig. 5 Test specimens for image shoot 
 

4.1 Result and analysis of field test 
The digital images of the bridges in common use were acquired by using UAV. 

The acquired images were analyzed into 12 steps with applying MorphLink-C algorithm 
and the result is shown in Fig. 6. Fig. 7 shows crack detecting S/W developed in this 
study and the result value of image that the analysis of 12 steps is finished. In fact, 
there are more acquired bridge images, but the largest measured crack width was 
selected as image sample and compared with the actual measured value.  



  

    

Step 1: Original image Step 2: Gray scale image Step 3: Cut image Step 4: Sharpen image 

    

Step 5: Extracted cracks Step 6: Binary image Step 7: Pre-denoise image Step 8: Grouping cracks 

    

Step 9: Detected cracks Step 10: crack area Step 11: crack length Step 12: crack width 
 

Fig. 6 Crack Estimation Result for the Crack Estimator 
 

 

Fig. 7 Crack Detection & quantification Program 



  

Generally surface crack of the structures is continuously generated over a 
constant length and has different crack width for each position in continuous collinear 
crack. On surveying a segment of the sample image acquired by UAV under a crack 
microscope, a main crack continuously generated on the structure surface 
longitudinally did not have constant width, it had different crack width for each position 
and it was verified that the width of 0.2~0.4 mm was distributed. Also, it was confirmed 
that a measurement error of about 0.1mm can occur due to a measuring person or 
variables at that time because minimum gradations of the crack microscope used in 
measuring the crack width is 0.05mm. Therefore the crack width measured by the crack 
microscope cannot be defined as an absolute true value and outlined reliability 
verification of the calculated crack width size through relative comparison with the crack 
width calculated by crack detecting program developed in this study is considered 
possible. The comparison results of the measured crack width by crack microscope and 
calculated crack by digital image analysis for the specific position of the sample image 
is as shown in Table 5. 
 
 
Table 5. Comparison of crack detected results 

Position 
Crack width (mm) Difference 

(mm) 

Error 

(%) Measured results Analyzed results 

A 0.20 0.24 
0.04 20 

B 0.30 0.31 
0.01 3 

C 0.10 0.16 
0.05 50 

D 0.25 0.33 
0.08 32 

E 0.20 0.26 
0.06 30 

 
 

As shown in Table 5 the results of measuring the crack width for 5 specific 
positions where the continuous crack length of the structure surface is generated 
longitudinally by crack microscope and the calculated crack width from cracks detected 
by the developed crack detecting program are compared respectively and the error with 
the calculated crack width based on actual survey crack appeared in about 3~50%. 

In particular, there was the large error of 50% in the position ‘C’. However, it was 

verified that quantitative value difference of the actual measured value and the 
calculated value, 0.01~0.08mm is within 0.1mm of the survey error range because the 
error range which can be generated in the measurement process by crack microscope 
is 01.mm during surveying as aforementioned. This can be evaluated that not only the 
crack detecting system of the structure with the developed image analysis techniques 
can detect the actual crack automatically, but the crack width calculated with respect to 
the detected crack has the accuracy of a certain level in comparison with the measured 
results. 



  

5. CONCLUSIONS 
 

The conclusions of this study are summarized as follows: 
(1) Generally the operation performing the visual inspection such as detecting the 

crack and calculating the crack width of the structure has been conducted in a manner 
by manpower. This took a lot of time and cost for high areas or difficult locations to 
access by manpower and there was a limit that the objectivity for the results can fall 
due to an inspector’s subjective judgment. However the new structural inspecting 
system which combines UAV technology in the progress of recent breakthroughs and 
research and the digital image analysis techniques was developed in this study. 

(2) In this study, the crack detecting program with the digital image analysis 
techniques was developed in order to the crack and width of the structure 
automatically. The developed program attempted to perform the image analysis for 
crack detection with morphology method based on morphological hydraulics and 
specially designed Morphological Link for Crack (MorphLink-C) algorithm for S/W 
development was applied to the program. 

(3) The digital image was acquired in order to evaluate UAV applicability and 
performance and field application of the crack detecting program after targeting the 
bridges in common use. Comparing with the measured values in order to verify 
reliability of the new structural inspecting system for application in this study, it is 
verified that the accuracy above a certain level is secured. 

(4) More experimental and theoretical studies are required to calculate accurate 
and quantitative crack width by the image analysis techniques and additional 
equipment for safety improvement is considered necessary to apply UAV to the 
structural inspecting system. However a standard for selecting optimal equipment is 
made and pre and post processing calibration techniques related to the crack detection 
with improvement of the equipment performance must be studied further because many 
fine defects on the concrete surface, not cracks can be mistaken for the crack in case 
of simply improving the equipment performance. 
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