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ABSTRACT 

Visual assessment of pavement surface condition has been implemented as a start point for 
pavement maintenance management system, however, it is time and labour consuming and 
face problems in documentation process. In the present investigation, the asphalt pavement 
surface was captured with stereo pair images, then the images were processed with the aid of 
(ERDAS IMAGINE V.8.4.) software to verify the types of pavement surface distresses. Data 
were analyzed and optimized to reach a suitable decision for maintenance. It was observed 
that fatigue cracking, block cracking, and bleeding are the major distresses with (38.3, 23 
and 20.6) % intensities respectively. However, the defected areas of the pavement with 
fatigue cracking, block cracking, and bleeding are (104.2, 49, 37.8) m2 respectively. The 
fatigue crack width is with a range of (2.8 to 22.2) mm which is considered medium to high 
while the block crack width ranges between (4.2 to 41.3) mm which is considered high. The 
rut depth exceeds the limitation of 4 mm while the pothole depth ranges between (5.1 to 39,9) 
mm which can impair safety. It was concluded that the stereo image processing technique 
could provide a permanent documentation of the pavement surface condition, which could be 
referred when needed.  
 
Keywords: Image, Processing, Stereo pair, Pavement Surface, Evaluation, Distress, flexible 
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INTRODUCTION  
Scheduling of pavement maintenance process is usually based on periodic evaluation of 
pavement surface condition. Many techniques have been established for such process, such as 
visual assessment, video capture, image processing, and laser scanning as stated by Wang and 
Gong, [1] and Sarsam, [2]. Mirza et al., [3] revealed that the oldest and most common method 
of obtaining pavement distress information is by implementing the visual inspection of 
common pavement distresses such as cracks and potholes. The assessment is performed by a 
walking through the pavement and conducting rating technique according to certain 
specifications. Cao et al., [4] presented a computer vision-based approach to automatically 
identify rutting appeared on asphalt pavement. The developed model is established based on 
image processing techniques and an advanced machine learning model with support of a 
metaheuristic optimization engine. A dataset of 2000 image samples has been collected 
during field trip of pavement survey to form and verify the newly developed model. 
Mustaffar et al., [5] developed an Automated Pavement Imaging Program for evaluating 
pavement distress condition. The digital- image processing program enables longitudinal, 
transverse, and alligator cracking to be classified. Subsequently, the program will 
automatically estimate the crack intensity, which can be used for rating pavement distress 
severity. It was concluded that advancement in digital photogrammetric technology creates an 
opportunity to overcome some problems associated with the manual methods. Burson, [6] 
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stated that stereo photogrammetry is the most flexible and potentially accurate method for 
close range applications and produce ability to record three-dimensional features (stereo 
models). Salari and Chou, [7] revealed that many efforts have been made to produce 
automatic inspection systems to meet the specific requirements in assessing distress on the 
road surfaces using video cameras and image processing algorithms. However, due to the 
noisy images from pavement surfaces, limited success was accomplished. In their paper, 
Brunken and Gühmann, [8] covers the problem of road surface reconstruction by stereo 
vision with cameras placed behind the windshield of a moving vehicle. An algorithm was 
developed that employs a plane-sweep approach and uses semi-global matching for 
optimization. Results are presented for the target application of road surface reconstruction, 
and they show high correspondence to laser scan reference measurements. The method 
evaluates maps on a millimeter-scale, while images are captured at driving speed. Fan et al., 
[9] presents an efficient pothole detection algorithm based on road disparity map estimation 
and segmentation. The road disparities are efficiently estimated using semiglobal matching. 
A simple linear iterative clustering to group the transformed disparities into a collection of 
superpixels was employed. The potholes are finally detected by finding the superpixels, 
whose intensities are lower than an adaptively determined threshold. Wang et al., [10] 
reported that over the past decade, various technologies, such as vibration sensing, active 
sensing, and passive sensing, have been utilized to acquire road data and detect road damage. 
Sarsam et al., [11] stated that the outcome of photogrammetric method has been modeled and 
usually compared with visual inspection, using the highest coefficient of determination. It 
was concluded that photogrammetric approach utilization is efficient in pavement distress 
evaluation with R2 ranged between (0.985 and 0.999) in comparison with visual inspection. 
Subsequently the photogrammetric method could provide a permanent documentation of the 
pavement surface condition, which could be referred whenever needed. Jameel and Kattan, 
[12] measured and modeled potholes distress in the pavement road surface utilizing close-
range photogrammetry to represent potholes distress. Agisoft Photo Scan was used for 
potholes modelling. Yakar, [13] stated that the most widely known and researched form of 
close-range digital photogrammetry is the stereo close-range digital photogrammetry. A 
digital close range photogrammetric technique allows converting images of an object into a 
3D model. The photogrammetric 3D coordinate determination is based on the collinearity 
equation. Sarsam, [14] revealed that a stereo image capture of the pavement surface can 
enhance the maintenance management process and save time and budget while the data 
obtained can be stored and used for evaluation of pavement surface deterioration so that a 
possible maintenance decision can be made. Simioni et al., [15] revealed that an innovative 
photogrammetric pipeline has been developed for the processing of the stereo images. The 
camera can provide two images of the same target from two different points of view along the 
same orbit and within one minute. Extensive image simulations were produced by Polyansky 
et al., [16] to study the effects of shadows and illumination conditions on surface coverage 
and the precision of digital image matching for stereo photogrammetric processing. Gruen, 
[17] stated that image processing and template matching is the most important function in 
digital photogrammetry and in automated modelling and mapping process. The development 
of the image matching techniques in photogrammetry was described and the results of some 
empirical accuracy studies were addressed and provide a critical account of some of the 
problems that remain. 
 
The objective of the present investigation is to implement the stereo image processing 
technique in detecting the distresses of flexible pavement surface so that it can replace the 
present visual assessment which is time and labour consuming. The present investigation will 
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assess the capability of implementing image processing of a stereo pair photographs with the 
aid of ERDAS IMAGINE 8.4, [18] software to detect the various types of flexible pavement 
distresses. 
 
MATERIALS AND METHODS 
In the present study, a frame was designed to handle the digital camera into two exposure 
stations; such a frame could be fixed on a tripod. That camera is directed in a perpendicular 
position on the roadway at a certain station. Then, the set with the camera is transported to 
other spot within the area. This frame was designed by fixing the height of photo exposure to 
1 m, the desired focal length is 24 mm, photo overlapping 60% as shown in Figure 1, 
therefore, the base line become 37.5 cm, while Figure2exhibit the non-metric DSLR camera 
(Canon EOS 600D) implemented in the work. Similar procedure was adopted by Sarsam et 
al., [11]. 
 

 
Fig.1 Methodology of Stereo pair Capture                         Fig. 2. Non-metric DSLR camera 
 
Distribution of control points around the distressed area of the flexible pavement surface was 
implemented at the start of the fieldwork. A minimum of three ground control points (GCPs) 
as recommended by Salari and Chou, [7] were spread surrounding each distress possible 
image, marked, and measured with a total station device (TOPCON, GTS 235). Table 1 
demonstrates the main characteristics of the camera. 
 

Table 1. Main Characteristics of the Canon EOS 600D Camera 
Type  Digital, Single-Lens Reflex (SLR), AF / AE camera. 
Sensor Resolution Approx. 18.00 mega pixels 
Image Sensor  Size 22.3 x 14.9mm 
Sensor cleaning  EOS integrated cleaning system. 
Focal length  18 - 55 mm with EF-S 18-55 IS II lens. 
Aperture  f/22 - 38 with EF-S 18-55 IS II lens 
Focusing Modes One-Shot AF, AI Servo AF, AI Focus AF, Manualfocusing. 
Shutter Speed 30-1/4000sec., Bulb Total shutter speed range. Available range varies by 

shooting mode. 
Image type JPEG, RAW(14-bit Canon original RAW) RAW +JPEG simultaneous 

recording possible. 
Max. resolution 5,184 x 3,456 pixels. 
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Screen  LCD screen (3.0") with unique angles, containing1,040,000 dots for 
increased clarity. 

 
GCPs were referenced by to the tow points measured by using differential global position 
system (TOPCON Hipper-GR3).Two digital cameras are used to cover half of a roadway 
lane-width, approximately 1.5 m. The pair of images on the same pavement surface is also 
used to establish 3D surface model, which is then used to detect the distress of the pavement 
surface. The three ground control points were recognized and matched to enable relative 
orientation and stereo-model generation.Figure3 shows the tilted images of fatigue crack 
obtained from two overlapping images, while Figure 4 shows that the same tilted images after 
being transformed to normalized images.  
 

 
Fig. 3.Two Overlapping Tilted Image 

 

 
Fig. 4.Generated Normalized Images 

 
RESULTS AND DISCUSSIONS 
Triangulation was performed by Ortho BASE project in ERDAS IMAGINE software, [18] to 
estimate the (X, Y, Z) locations of tie points in stereo model, and then, the exterior 
orientation parameters (EOP) of images can be computed.  
 
The distribution of the ground control points, and other points in the adjusted stereo model 
was shown in Figure5. Generally, 3GCPs in overlap area must be identified in each image of 
stereo pair and several tie points were measured as an additional point on stereo image.  
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After performing triangulation with ERDAS IMAGINE software, ortho-images were created. 
Window measurement tool in ortho rectified image provides all the fundamental quantitative 
measurement functions of each single stereo model that is necessary to measure width, 
lengths, area, and depth for the specified distress condition. Similar findings were reported by 
Jameel and Kattan, [12]. 

 

 
Fig. 5. Ortho-Rectified Image Showing Ground Control Points 

 
The digital image in the computer is divided into a fine grid of picture elements or pixels. The 
image consists of an array of integers, often referred to as digital numbers, each quantifying 
the gray level, or degree of darkness, at elements. The digital image can consist of as many 
millions of these pixels appearing to be that of a continuous tone picture. Each pixel 
represented by a value from 0 (dark black) to 255 (bright white), this range of values may be 
explained by examining how the software deal with numbers.  
 
Processing of Digital Stereo pair Images  
Digital stereo pair images were fed directly into the software after images were captured. The 
software uses a technique known as bundle block adjustment for triangulation which 
establishes a mathematical relationship between the images contained in a project, the 
camera, and the ground as recommended by the ERDAS software [18]. The internal 
geometry of each image and the relationships between overlapping images are determined. At 
least three ground control points in overlap area are fixed to transform the image coordinates 
into real world coordinates.  
 
These points are clearly visible on the photographic image as shown in Fig.5. The orientation 
serves to relate the overlapping portions of left and right images to create the stereo model. 
After performing relative orientation, the images were then displayed simultaneously to allow 
generated common points to be identifiable on the stereo overlap for each image. This 
enabled the overlapping portions of both images to be merged to provide a 3D stereo image, 
absolute orientation was the final orientation process carried out to tie the 3D stereo image 
into a real-world coordinates system.. Control points were represented with the small targets 
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with known coordinates (X, Y, Z) measured in the field. Figure 6 exhibit the distribution of 
ground control points, tie points and check points in the Adjusted Stereo Model. 
 

 
Fig. 6.Distribution of Ground Control Points, Tie Points and Check Points in the Adjusted 

Stereo Model. 
 
Identification of Asphalt Concrete Distresses from Stereo Image Processing  
As demonstrated in Table 2, six distress types could be identified for the tested roadway 
section of 3000 meters length and 3.5 meters slow lane width. The tested section was located 
at Al-Jaderiah university campus. It can be observed that fatigue cracking, block cracking, 
and bleeding are the major distresses with (38.3, 23 and 20.6) % intensities respectively. 
However, rutting, patching and potholes exhibits minimal influence on the pavement surface 
condition. On the other hand, the defected areas of the pavement with fatigue cracking, block 
cracking, bleeding are (104.2, 49, 37.8) m2 respectively. In fact, the pavement age is 15 years 
and minimal maintenance activities have been implemented throughout its service life. The 
block cracking is the first step in pavement deterioration and if no maintenance action is 
applied, it will develop to fatigue cracking. The fatigue crack width is with a range of (2.8 to 
22.2) mm which is considered medium to high while the block crack width ranges between 
(4.2 to 41.3) mm which is considered high. However, the rut depth exceeds the limitation, of 
4 mm while the pothole depth ranges between (5.1 to 39,9) mm which can impair safety as 
revealed by [19]. 

 
Table 2. Asphalt Concrete Pavement Distresses as Identified by Image Processing 
Section Distress Type Defected 

Area 
(m2) 

Crack 
Width 
(mm) 

Distress 
depth (mm) 

Distress 
intensity (%) From  To  

0+050 0+100 Bleeding   12.42 ----- ------- 3.70 
0+150 0+200 Fatigue Crack 0.85 20.7 ------- 0.26 

Bleeding  5.59 ------- ------- 4.60 
0+250 0+300 Block crack 12.17 41.3 -------- 3.56 

Patching  0.29 -------- ------- 0.03 
Pothole  0.049 -------- 5.13 0.015 

0+300 0+350 Pothole  0.33 -------- 39.9 0.099 
0+500 0+550 Fatigue Crack 0.45 2.85 ------- 1.17 
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0+700 0+750 Fatigue Crack 14.69 3.92 -------- 8.23 
Block Crack 19.63 4.25 -------- 14.69 

1+250 1+300 Rutting  4.16 ------- 2.14 1.22 
1+300 1+350 Fatigue Crack 47.02 20.0 -------- 15.09 

Rutting  3.08 -------- 4.12 1.16 
1+750 1+800 Pothole  0.17 ------- 23.3 0.10 
2+150 2+200 Fatigue Crack 41.39 22.2 -------- 13.79 

Block Crack 16.64 14.74 ------- 4.90 
Patching  6.96 -------- -------- 4.27 

2+150 2+200 Pothole  0.18 -------- 20.1 1.05 
Rutting  2.95 --------- 5.29 1.61 

2+250 2+300 Rutting  4.60 -------- 5.20 2.15 
Bleeding  19.99 ------ ------- 12.34 

2+700 2+750 Patching  0.093 ------- -------- 0.026 
 
CONCLUSIONS  
Based on the limitation of field work of asphalt concrete pavement surface distresses, the 
following conclusions can be drawn.  
1) The stereo image processing technique could provide a permanent documentation of the 

pavement surface condition, which could be referred when needed.  
2) Fatigue cracking, block cracking, and bleeding are the major distresses with ( 38.3, 23 

and 20.6) % intensities respectively. However, rutting, patching and potholes exhibits 
minimal influence on the pavement surface condition. 

3) The defected areas of the pavement with fatigue cracking, block cracking, and bleeding 
are (104.2, 49, 37.8) m2 respectively. 

4) The fatigue crack width is with a range of (2.8 to 22.2) mm which is considered medium 
to high while the block crack width ranges between (4.2 to 41.3) mm which is considered 
high. 

5) The rut depth exceeds the limitation of 4 mm while the pothole depth ranges between (5.1 
to 39,9) mm which can impair safety. 
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