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Purpose  This paper presents a new method to retrieve concrete crack properties based on image processing tech-
niques.  Method  Detection and quantification of cracks in concrete bridges pose various challenges. Cracks have fewer 
pixels compared to their background. For effective visualization, the objects need to be captured from near field. But it is 
not always possible to capture the complete cracked surface in a single frame while taking the image from near field. 
Hence image stitching is required before pre-processing of images for further analysis. Usually retrieved images have 
low contrast due to environmental and equipment limitations which add another difficulty in image visualization. State-of-
the-art image pre-processing as suggested in the literature may not be suitable for images captured in different environ-
mental conditions. This paper discusses various techniques for image enhancement using point processing, histogram 
equalization and mask processing. Furthermore, a binary image is required to obtain a skeleton of an object. However, 
the pre-processing techniques cause discontinuity in crack alignment. Morphological techniques (e.g. dilation) are used 
in this work through successive iteration to ensure connectivity. Then the object skeleton which is unaffected by expand-
ed boundaries is obtained by using skeleton algorithm to retrieve concrete crack properties such as length, bounding 
rectangle, and major and minor principal axes lengths.  Results & Discussion  The preliminary results obtained using 
this methodology is capable of retrieving length, orientation and bounding box of the identified cracks. This method is 
aimed at assisting in obtaining automated prediction of condition state (CS) rating of cracks in bridges. It can be also 
used as a tool for post-earthquake damage evaluation purposes.  
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INTRODUCTION 
Bridge inspection reports are the fundamental input 
parameters for any Bridge Management System 
(BMS) to access safety and functionality of bridges. 
Before carrying out any detailed inspection for repair 
and maintenance, the preliminary inspections of 
bridges such as counting the number of cracks, max-
imum length and width of cracks, existence of scal-
ing and spalling defects, and presence of corrosion 
are important to be recorded in inspection reports. 
Often, Bridge inspection and maintenance have 
been manually conducted by making a trip to the 
site1,2.  
From the structural point of view, the evaluation of 
crack properties plays a vital role in bridge inspection 
and decision making process. However, manual 
retrieval of crack properties presents many difficul-
ties. For example, cracks usually have very small 
numbers of pixels as compared to their back-
grounds. Due to this, it is difficult to locate these 
cracks from a far field position. In many cases, the 
inspection of bridge elements from near field may 
not be possible due to site inaccessibility. Subse-
quently, crack visualization could be another problem 
in accessing crack properties due to insufficient light-
ing conditions or dirt present on the concrete surfac-
es. To obviate such problems image processing 

techniques could be used retrieving image properties 
automatically. The concept of automation based on 
image processing is becoming popular for bridge 
inspection process. Image processing techniques 
have been successfully utilized to detect cracks on 
concrete surfaces3. 
In this paper, we collect sample images of cracked 
surface of concrete bridge decks to apply the pro-
posed methods and highlight their limitations to ad-
dress the above issues. Close range photographs 
are necessary to enhance cracks properties, but 
many photographs are required to cover the entire 
cracked region. This paper discusses image stitching 
algorithm as well as various image enhancement 
algorithms to capture cracked image properties 
which will assist the automation of bridge inspection 
based on image processing techniques.   
 
BACKGROUND 
Cracks in concrete structures are very common that 
we see in our daily life which do not only degrade the 
appearance of structural members but also reduce 
carrying capacity of whole structures. As a result, 
crack widths are limited on various concrete surfaces 
depending upon types of structures. As specified in 
Ontario Structure Inspection Manual (OSIM), crack 
width greater than 1.0 mm is considered as poor 



condition state and crack width less than 0.3 mm is 
considered as good condition state4. Tian et al., 1986 
have also mentioned that crack width as one of the 
parameters for assessing deterioration of concrete 
surfaces12. For the past several years, many ma-
chine vision approaches have been suggested to 
retrieve crack properties using image processing 
techniques. For example, Abdel-Qader et al.5 com-
pared the effectiveness of crack detection tech-
niques such as fast Haar transform (FHT), fast Fou-
rier transform, Sobel, and Canny. It was found that 
FHT was more reliable than the other three tech-
niques. In 2006, Abdel-Qader et al.6 proposed a 
Principal Component Analysis (PCA) for pattern 
recognition (cracked or not cracked) based on Eu-
clidean distance measures as similarity measures. In 
addition, Cheng et al.7 proposed a crack detection 
method based on threshold operation using mean 
and standard deviation of gray-level image. But the 
threshold method does not ensure proper connectivi-
ty of the crack alignments. To solve this problem, 
percolation-based image processing method was 
suggested by Yamaguchi and Hashimoto8 to correct-
ly detect cracks. But none of the above works dis-
cusses the crack stitching problem when crack im-
ages are taken from near field. Zhu et al. 20109 pro-
posed an automated method to detect large-scale 
bridge column composed of multiple of close range 
images. They used SIFT detector (Lowe 2004)10 to 
locate an object and artificial neural networks for 
material recognition to detect column.  
However, image quality is highly dependent upon 
complex environment and lighting conditions. Due to 
noise caused by irregular illumination, various shad-
ings and moisture present on concrete surfaces, it is 
always difficult to distinguish cracks from their back-
grounds11. They separated crack pixels from their 
background by manipulation of gray-level correction 
showing bimodal histogram of crack image. For 
proper image visualization, Yamaguchi et al.13, ad-
dressed that dynamic range of camera and lighting 
conditions (uniform or non uniform) are important to 
have satisfactory results. But they do not discuss 
how these parameters can be controlled if the ac-
quired image is dark or lighting condition is non-
uniform. A method has been proposed here to en-
hance the global appearance of an image based on 
the spatial domain operation which can directly 
works on image pixels. 
Automatic crack property feature extraction is appli-
cation dependent14. Practically, it is not feasible to 
develop a generic algorithm to extract any object 
properties form any images15. There is always hu-
man intervention at some point in automation pro-
cess and the acceptable level of human intervention 
shall be defined based on accuracy, efficiency, and 
repeatability14. Yamaguchi et al.8 used a calibration 
line based on crack scale and brightness of the 

crack. Miyamoto et al.16 calculated crack width based 
on the difference of brightness in cracked and un-
cracked areas. Additionally, they reported that no 
unique crack width is obtained even if the intensity is 
uniform because it is dependent on many factors 
such as un-uniformity of brightness, angle of view 
and orientation of cracks. Zhu et al.9 calculated crack 
properties based on skeleton segment information 
and distance field. They calculated average distance 
of skeleton points and double of the result repre-
sents the average crack width. 
 
METHODOLOGY 
In the 2011 Annual report of the office of the Auditor 
General of Ontario it is recommended that a risk-
based approach be used for the ongoing monitoring 
of inspection17. One of the important aspects of risk-
based approach in bridge inspection is to determine 
and compare crack properties with the allowable 
limits specified for individual members. Figure 1 
shows the proposed methodology to retrieve crack 
properties in bridges. 
 

 
Fig.1. Research Methodology 

Image stitching 
Cracks have less numbers of pixels as compared to 
their background. In a single shot of a camera, hu-
man eye cannot visualize cracks in bridge elements 
and hence multiple shots with zooming of camera 
need to be taken in order to get sufficient information 
on cracks. These individual crack frames need to be 
combined first before doing any image operations. 
This research adopt the image stitching algorithm 
developed by Brown and Lowe, 200718, based on 
extracting image invariant features and matching 
them with new images. This method has several 
advantages over other available methods. This 
method does not require image initialization or a 
fixed image ordering. It is based on feature based 
registration which is invariant to rotation, zooming, 
and illumination change in the input images18. After 
invariant feature extraction, the algorithm search for 



matching of images based on overlapping areas. 
This method is suitable for crack stitching problems 
for the present work as demonstrated in Figure 2. 
Two images captured at different parts of a cracked 
region are shown in Figure 2 (a & b), and the 
stitched image is shown in Figure 2(c). 
 

 
(a)                       (b)                         (c) 

Fig.2. Example of Image Stitching: a) and b) part imag-
es of a crack region, c) stitched image 
 
Image pre-processing 
A commercially available SONY-DSC T5 digital cam-
era of 5.1 mega pixels with optical zoom 3x has 
been used for data collection of bridge crack surface 
defects. In this work, each photographic frame in-
cludes either a natural or artificial target for scale 
calibration to get pixel values in millimeter. After 
image acquisition, pre-processing is required for 
image enhancement. Generally, there are two image 
enhancement methods that can be applied: spatial 
domain operation, and frequency domain operation. 
Spatial domain operation is divided into three parts 
based on the particular needs. They are point pro-
cessing, histogram based techniques and mask 
processing19. The proposed method adopts spatial 
domain operation (directly work on image pixels) as 
mask processing for crack detection operation and 
histogram based techniques for visualization en-
hancement. Both processes are described in details 
here. 
 
Histogram Equalization (HEQ): This method en-
hances the global appearance of image which helps 
to visualize small cracks with human eyes. In most 
cases, fine cracks are invisible due to poor illumina-
tion, dirt on concrete surfaces or small dynamic 
range of cameras. HEQ makes use of a transfer 
function as defined in Equation 1, 
 

S T r                                                                     1    
 
Where, S  and r  are the intensities of the processed 
and original images, respectively.   
 
The mapping function given by Equation 2 is used to 
convert the normalized value of histogram to the 
dynamic range value. 
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where, S  is the mapped intensity value, S  is the 
minimum intensity of the processed image, and L is 
the maximum intensity level. 
 

 
        (a)                    (b) 

Fig.3. a) Original Image, b) Plot of Histogram 
 

 
          (a)       (b) 
Fig.4. a) Enhanced Image, b) Plot of Histogram 
 
The output of the above algorithm has been pre-
sented in Figure 3 and 4. Figure 3 shows the original 
image and the associated histogram, while Figure 4 
shows the enhanced image and the resulting histo-
gram. The enhanced image clearly provides a better 
visualization of cracks than the original image.  
 

 
Fig.5. Plot of Cumulative Distribution Function (CDF) 
 
The Cumulative Distribution Function (CDF) that can 
also be used as a transfer function for image en-
hancement is shown in Figure 5. By designing a 
special type of transfer function, an image can be 
enhanced using the histogram specification algo-
rithm19. 
Mask processing for Crack Detection:  
Mask processing is used for image smoothing pur-
pose. Although mask processing reduces noise, it 



increases blurring. For this work, a mask size of 
[7x7] pixels has been used for image smoothing. 
Also, a non-linear filtering operation (median Filter 
Operation) which considers an output pixel value 
equal to the median value of above adopted mask 
size has been used. The purpose of this process is 
to obtain candidate cracks as illustrated in Figure 6. 
This method plots gray intensity level for a selected 
rectangular area and plots column-wise average 
intensity of gray value (Fig, 6 – top). Similar opera-
tion is performed on the smoothed image (Fig. 6 – 
middle). The candidate cracks are obtained by sub-
tracting the smoothed image from the original image 
(Fig. 6 – bottom). The change in intensity profile 
indicates the presence of cracks20.  
 

 
Fig.6. Procedure of getting Candidate Cracks  
 

 
Fig.7. Crack Properties Definition  
 
Retrieval of Crack Properties:  
Crack Definition: A crack is defined by the end 
points, and it may be simple or split (i.e., branched). 
In Figure 7, cracks are shown by 4-corner stars and 
splitting points are shown by 5-corner stars. The 
length of a crack is either distance between end 
points or splitting points or between an end point and 
a splitting point13. Crack widths are calculated in mm 
using reference of some natural targets in picture 
frames.  
 

a)                    b)                            c)  
Fig.8. Threshold Operations on a pre-processed image: 
(a) Maximum Entropy; (b) Otsu; and (c) Mean 
 
Threshold Operation: The threshold operation is 
performed on the pre-processed images using the 
following three methods: (a) maximum entropy; (b) 
Otsu; and mean of the intensity in the given image. 
As shown in Figure 8, the maximum entropy (entropy 
is a measure of the uncertainty of an event taking 
place) provides a better contrast to detect a crack. 
This method maximizes inter-class entropy instead 
of maximizing inter-class variance.  
 

 
a)                           b)  

Fig.9. (a) Threshold Image; (b) Eroded Image 
 

 
a)                           b)  

Fig.10. Dilation: (a) eroded image; (b) dilated image   
 
Erode and Dilate: Dilation replaces each pixel in an 
image with the maximum intensity value in the 3x3 
neighborhoods. This operation is performed iterative-
ly until cracks are fully connected. But, before doing 
this operation, the noise present in an image needs 
to be eliminated by eroding operation. Figure 9 com-
pares threshold image with eroded image. During 
eroding operation, many of the pixels in the image 
are lost which may affect the continuity of the pixel 
map of a crack. The continuity is re-built by the dila-
tion operation as shown in Figure 10.   
Skeletonise and Distance Map: A skeletonised crack 
in a image, represents a single pixel line. The binary 
image thinning technique is used for constructing the 
skeleton of an object (e.g., crack). Euclidian distance 
transform is used to prepare the distance map which 

Crack 



is superimposed image the skeleton to extract width 
and length of crack properties21. Distance map and 
skeleton of a given crack are shown in Figures 11 
and 12, respectively.   
 

 
Fig.11. Dilatation and Distance Map   
 

 
Fig.12. Skeleton and Superimposed image   
 

 
Fig.13. Crack length divided in segments   
 

Table 1 

Crack scaling: 0.5 mm/Pixel 

ID 
Length in 

mm 
Width in 

mm 
Average 

Width in mm 

A 0.00 3.25   

  12.00 2.95   

D1 23.70 3.33 3.17 

  45.00 2.13   

D2 67.05 3.67 3.04 

  88.00 2.48   

D3 108.91 1.90 2.68 

  125.00 2.78   

D4 141.46 1.79 2.16 

B       

 
Implementation and Results 
ImageJ22 is commercially available image analysis 
software, which has been used here for image pro-
cessing of the pictures of cracks in bridge elements. 
A typical crack-skeleton as shown Figure 13 has 
been subdivided into 5 segments to extract its length 
and width based on crack definition. The width is 

calculated at the ends and the center of each seg-
ment. The results are recorded in Table 1. The crack 
profile such as width vs. length of the crack has been 
plotted as shown in Figure 14. From such figures 
constructed for a crack at different time intervals can 
provide useful information about the growth (in 
length and width) of the crack.   
 

 
Fig.14. Crack Profile along Length of Crack   
 
Discussion 
A number of methods available for retrieval of the 
properties of cracks on concrete surfaces has been 
utilized to develop a systematic procedure for proc-
essing of images of damaged areas of concrete 
surfaces in bridge elements. The proposed scheme 
is suitable for automatic retrieval of crack properties. 
But in practical terms, there are a numbers of chal-
lenges that need to be considered before applying 
these algorithms. For example, in old concrete sur-
faces, cracks edges are often widened because of 
scaling of plaster or cement mortar. Also, many 
flacks are often seen along the length of cracks. Due 
to these defects, predicted crack width would be 
more than actual crack width.  
Inspection report is an integral part in any Bridge 
Management System (BMS). But manual inspection 
is time consuming and costly. Tracking concrete 
surface properties using image processing tech-
niques are fast and less costly. So, this information 
can be used as primary level of bridge inspection 
which can provide basis for detailed investigation if 
any abnormalities exist. The proposed method over-
comes some of the limitation pointed out by Zhu et 
al.21. For example, their test results showed that 
irrespective of how accurate detection techniques 
are, there are some cracks visible to human eyes, 
but not visible in images. To some extent, this limita-
tion has been overcome by the proposed method. 
Moreover, many of the past crack detection methods 
fail to detect fine cracks. Fine cracks are lost during 
threshold operation. This problem can also be solved 
by image stitching techniques as demonstrated in 
this work. However, a number of challenges exist for 
inspection of concrete surfaces for effective BMS 
except those pointed out earlier. Condition rating of 
concrete slabs is required for ranking of bridges in 
database to select proper candidate for further 
maintenance and rehabilitation. Additionally, the 
existing crack pattern may not be of much important 



for inspection engineers, but how the crack pattern is 
changing with time will be valuable information for 
safety of structures.  
 

CONCLUSION  
Traditionally visual inspection, which is the primary 
method in use, is slow and expensive. In the present 
work, image processing techniques are used to ex-
tract concrete crack properties. While there are a 
number of methods available for the crack detection 
and representation, they are suitable in some con-
trolled situations or in particular images. The present 
research focuses on visualization of images and 
detection of thin cracks which are often lost during 
pre-processing. Cracks have less number of pixels 
as compared to their background. Histogram thresh-
old is not suitable in such cases because in many 
cases, crack objects are not visible in histogram plot. 
For effective visualization of objects, the images 
need to be captured from a near field. But it is not 
always possible to capture complete cracked surface 
in single frame while taking image from a near field. 
Hence image-stitching is required before pre-
processing of images for further analysis. Usually 
retrieved images have low contract due to environ-
mental and equipment limitation which adds another 
level of difficulty in image visualization. Existing 
techniques for image pre-processing may not be 
suitable in different environmental conditions. A 
combination of various techniques for image en-
hancement such as, point processing, histogram 
equalization and mask processing is necessary to 
pre-process the images appropriately. Furthermore, 
a binary image thinning is required to obtain a skele-
ton of an object. However, pre-processing tech-
niques cause discontinuity in crack alignment. A 
morphological technique such as, dilation is used to 
ensure connectivity through successive iteration. 
From an object skeleton obtained using the skeleton 
algorithm, the crack properties such as length and 
width is determined. The proposed method over-
comes limitations such as detection of thin cracks 
which may not persist after pre-processing of an 
image. The extracted width can be used for condition 
rating of concrete members and the extracted crack 
pattern is important for comparing the change in 
crack patterns over time. 
 
References  
1.  Federal Highway Administration (FHWA), Bridge 

Inspections Training Manual, July 1991. 
2.  Bridge Maintenance Training Manual, US Federal 

Highway Administration, FHWAHI-94-034, Pre-
pared by Wilbur Smith Associates, 1992. 

3.    Lee, J.H., Lee, J.M., Kim, H.J., Moon, Y.S., "Ma-
chine vision system for automatic inspection of 
bridges”, IEEE Computer Society, pp. 363-366, 
2008. 

4.  Ministry of Transportation, “Ontario Structure In-
spection manual”, Policy, Planning & Standards 
Division, Engineering Standard branch, April 2008. 

5.  Abdel-Qader, I., Abudayyeh, O., Kelly, M.E., 
“Analysis of edge-detection techniques for crack 
identification in bridges”, Journal of Computing in 
Civil Engineering, Vol. 17(4), pp. 255–263, 2003. 

6.  Abdel-Qader, I., Pashaie-Rad, S., Abudayyeh, O., 
Yehia, S., “PCA-based algorithm for unsupervised 
bridge crack detection”, Advances in Engineering 
Software, Vol. 37(12), pp. 771–778, 2006. 

7.  Cheng, H., Shi, X., Glazier, C., “Real-time image 
thresholding based on sample space reduction 
and interpolation approach”, Journal of Computing 
in Civil Engineering, Vol. 17(4), pp. 264–272, 
2003. 

8.  Yamaguchi, T., Hashimoto, S., “Fast crack detec-
tion method for large-size concrete surface im-
ages using percolation-based image processing”, 
Machine Vision and Applications, Vol. 11(5), pp. 
797–809, 2009. 

9.  Zhu, Z., German, S., Brilakis, I., “Detection of 
large-scale concrete columns for automated 
bridge inspection”, Automation in construction, 
Vol. 19, pp. 1047-1055, 2010. 

10.  Lowe, D., “Distinctive image features from scale-
invariant key points”, Int. J. of Comp. Vision, 60(2), 
91-110, 2004. 

11.  Tong, Z., Guo, J., Ling, Y., Yin, Z., A new image-
based method for concrete bridge bottom crack 
detection, Image analysis and signal processing, 
2011. 

12.  Tian, Q., Huhns, M.N., “Algorithms for SubPixel 
Registration”, Computer Vision, Graphics and Im-
age Processing, Vol. 35, pp. 220-233, 1986. 

13.  Yamaguchi, T., Hashimoto, S., “Practical image 
measurement of crack width for real concrete 
strcture”, Electronics and communications in Ja-
pan, Vol. 127-C(4), pp.605-614, 2007. 

14.  Dare, P.M., Hanley, H.B., Fraser, C.S., Riedel, B., 
Niemeier, W., “An operational application of auto-
matic feature extraction: the measurement of 
crackd in concrete structures”, Photogrammmetric 
Record, Vol. 17(99), pp. 453-464, 2002. 

15.  Laptev, I., Mayer, H., Linderberg, T., Eckstein, W., 
Steger, C., Maumgartner, A., “Automatic extrac-
tion of roads from aerial images based on scale 
space and snakes”, Machine vision and Applica-
tion, Vol. 12(1), pp. 23-31, 2000. 

16. Miyamoto, A., Konno, M-A., Bruhwiler, E., “Auto-
matic Crack Recognition System for Concrete 
Structures Using Image Processing Approach”, 
Asian J. of Information technology, Vol. 6(5), pp. 
553-561, 2007. 

17. Office of the Auditor General of Ontario, Auditor 
General releases his 2011 Annual Report, 2011. 

18. Brown, M., Lowe, D., “Automatic panoramic image 
stitching using invariant features”, International 
Journal of Computer Vision, Vol. 74(1), pp. 59–73, 
2007. 



19.  Biswas, P.K., Lecture Notes, IIT Kharagpur, Dept. 
of Electronics and Communication Engineering, 
http://nptel.iitm.ac.in/syllabus/syllabus.php?subject
Id=117105079, 2012. 

20.  Oh, J-K., Jang, G., Oh, S., Lee, J.H., Yi, B-J., 
Moon, Y.S., Lee, J.S., Choi, Y.,  
“Bridge inspection robot system with machine vi-
sion”, Automation in Construction, Vol. 18, pp. 
929-941, 2009. 

21.  Zhu, Z., German, S., Brilakis, I., “Visual retrieval of 
concrete crack properties for automated post-
earthquake structural safety evaluation”, Automa-
tion in Construction, Vol. 20, pp. 874-883, 2011. 

22.  ImageJ: Comercial software for image analysis, 
Online Resources, http://rsb.info.nih.gov/ij/, 2012. 


