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Abstract

Pavement distresses, such as longitudinal and transverse cracks, potholes, patching, and
depressions, can significantly impact road safety and serviceability. Accurate and efficient
distress measurement is crucial for timely maintenance and repair. The conventional method
involves manual measurement using measuring tapes and rulers, which is time-consuming,
high cost, and depends on the rater's experience. Image processing techniques are a modern
method for measuring pavement distresses using digital images and image processing
softwares. This study evaluates the accuracy of ImageJ and Digimizer softwares in measuring
various pavement distress types compared to conventional method. High-resolution pavement
images are captured and analyzed using both image processing softwares and manual
measurements. The results are analyzed to determine the accuracy and reliability of each
method. The results of the study showed that the measurements of the length, width, and area
of road distresses obtained using the Image J program, and the Digimizer program were
similar to those obtained using the conventional method, with high coefficients of
determination R? of (0.9999, 0.9999) for length, (0.9257, 0.5397) for width, and (0.9451,
0.9456) for area respectively.

Keywords Pavement distresses, Image processing techniques, Image J, Digimizer,
Measuring, and Accuracy
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Introduction

Roads are the most widely used transportation method worldwide, but they are susceptible to
various distresses due to factors such as heavy traffic, weather conditions, construction
materials, and construction methods [1]. These distresses can lead to accidents, reduced ride
quality, and costly maintenance and repairs [2]. Therefore, early detection and measurement
of pavement distresses are crucial for maintaining a well-functioning highway network [3].

This research performs image processing techniques to measure flexible pavement distresses,
including longitudinal cracks, transverse cracks, potholes, patching, and depressions. High-
resolution images of common pavement distresses were captured on roads in the Tenth
District of New Cairo, Egypt, using a phone camera with specific specifications. The images
were then analyzed using the ImageJ and Digimizer softwares to perform measurement
experiments and estimate planar measurements such as pothole diameter, patching and
depression areas, and crack length and width.

Previous Work

Stripping, a significant form of distress in asphalt pavements, involves the loss of adhesion or
cohesion between bituminous cement and aggregate due to moisture damage at the molecular
level. Surface cracks, caused by conventional compaction methods, impact the long-term
performance of asphalt pavements. Four standard test methods for stripping evaluation were
employed to investigate the effect of surface cracks. Additionally, the influence of surface
crack direction on mechanical properties was examined. The results revealed a lack of
correlation between laboratory-tested samples and field performance. Surface cracks were
identified as a major factor affecting the long-term performance of asphalt pavement mixes

[4].

The current construction equipment of asphalt pavement often fails to produce high-quality
asphalt surfaces, allowing liquid intrusion and potential pollution of soils and water sources.
Research has shown that steel drum rollers induce surface cracks that facilitate water
penetration. The development of a new compactor, the asphalt multi-integrated roller
(AMIR), creates asphalt layers with tight surface textures and significantly lower permeability
compared to surfaces compacted using traditional steel rollers. AMIR-compacted surfaces
reduce permeability by a factor of 10 compared to steel-compacted surfaces. These findings
highlight the role of improved compaction in protecting the environment and reducing water
and soil pollution [5].

Cracks, potholes, and seams each have distinct severity indicators (area, length, etc.) but no
universal system for controlling them. Countries set their own standards, like USA's simple
low/medium/high classification. PAVER offers a potential method for standardized
assessment [6, 7].

Developing road extraction method using fused remote sensing data for investigating
extraction roads. Furthermore, comparing the classifier methods soft classifiers namely:
Neural Network, Fuzzy and hard classifiers namely: Maximum Likelihood, Minimum
Distance for classifying fused images. And, produce recent map with road from fused image
data of Egyptdat-1, Radarsat-2 and fused images [8].
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Laser Version System uses lasers, cameras, and GPS to precisely assess roads, airports, and
parking lots. It measures key features like profiles, friction, and deflection, identifies damage
based on established standards, and generates reports for effective maintenance planning and
budget allocation. This automated system helps optimize resource allocation and ensures safe,
efficient infrastructure for all [9].

A new methodology and schemes are developed for faster and accurate procedure to compute
gradation of aggregates by using Image Analysis Techniques (IAT) instead of the
conventional methods [10].

A low-cost image processing technique for identifying potholes and cracks in pavements was
developed using the Fuzzy-C-Means (FCM) algorithm for longitudinal cracks and the
Spectral Theory algorithm for potholes. Tested on images of pavements in Bengaluru, India,
the technique showed an accuracy of about 80% in detecting cracks and potholes. Validation
with actual dimensions revealed a dimension variability of about 0.46. A linear regression
model relating actual and detected dimensions yielded an R2 correlation square of 0.807,
indicating a strong positive linear relationship [11].

A new method for detecting cracks in 2D pavement images was developed by adapting the
weighted neighborhood pixels segmentation algorithm to overcome the limitations of fixed
thresholds in noisy environments. The proposed algorithm was tested on 300 images with a
variety of noise levels to represent different pavement conditions. The method was found to
be efficient in terms of time and cost, taking less than 3.15 seconds to process a 320 x 480
pixel image on a Xeon (R) 3.70GHz CPU processor. This makes it a suitable choice for
county-level pavement maintenance projects that require cost-effective crack detection
systems. The validation results were promising for the detection of medium to severe cracks,
with a precision of 79.21%, recall of 89.18%, and F1 score of 83.90% [12].

Researchers have developed a game-changer for road assessment: an automated image
processing technique that identifies and classifies asphalt pavement cracks and potholes. This
Al-powered system can not only distinguish between different crack types but also assess
their severity. Compared to traditional manual inspections, the technique shines — achieving a
76% accuracy on images and a remarkable 88% on videos. This innovative approach
promises significant advantages: saving time and effort, boosting accuracy and consistency,
and ultimately supporting proactive and cost-effective road maintenance strategies. [13].

Two deep learning techniques, Faster R-CNN and YOLO v3, were used to automatically
detect and classify distresses in high-resolution (1800 x 1200) three-dimensional (3D) asphalt
and concrete pavement images. The training and validation dataset consisted of 625 images
that included distresses manually annotated with bounding boxes, which represent the
location and types of distresses, as well as 798 no-distress images. Data augmentation was
performed to balance the class labels and prevent overfitting. YOLO and Faster R-CNN
achieved accuracies of 89.8% and 89.6%, respectively [14].

We improved the YOLOv5 model by introducing an attention mechanism to make it more

robust and suitable for deployment in embedded devices. We then transplanted the optimized

model to a self-built intelligent mobile platform. Experimental results showed that the

improved model can effectively identify pavement distresses with a precision, recall, and

mAP of 95.5%, 94.3%, and 95%, respectively. This is an improvement of 4.3% and 25.8%
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over the YOLOvV5s and YOLOv4 models, respectively [15].

Problem Statement and Objective of the Study
The conventional method is time-consuming, high cost, and depends on the rater's experience.

The main objective of this study is try two different image processing softwares namely
ImageJ and Digimizer in measuring various pavement distress types and compare their results
with the conventional method.

Steps of the Study
1. Selecting the study area

The images were collected in Abdo Hanafia Street, Tenth District, Tenth of Ramadan City, El
Shargia Governorate. The red highlighted rectangle in Figure 1 shows the location of the
study area. The street is a flexible pavement with a variety of distresses. This street was badly
damaged for years, and the cracks on the street could be clearly identified by visual
inspection.

2. Data Collection Using Traditional Method and Digital Images

The length and width of longitudinal and transverse cracks, potholes, and other distresses
were measured manually using a tape measure and ruler as follows:

2.1 Measurement of distresses lengths and widths
A. Cracks

B

Fig. 4. Longitudinal crack No.3. Fig. 5. Transverse crack No.4.
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Fig. 6. Transverse crack No.5.

Fig. 7. Transverse crack No.6.

Fig. 8. Transverse crack No.7.

Fig. 9. Transverse crack No.8.

Table 1. Measurements of Cracks

Crack no. Distress type Length (cm) Width (cm)

1 longitudinal crack 970 3.03
2 longitudinal crack 1285 1.46
3 longitudinal crack 139 4

4 transverse crack 500 2.37
5 transverse crack 925 2.43
6 transverse crack 300 2.17
7 transverse crack 456 7.75
8 transverse crack 370 5.75

B. Potholes

Fig. 10. Pothole No.1.

Table 2. Measurements of Potholes

Fig. 11. Pothole No.2.

Pothole no. Distress type Length (cm) Width (cm)
1 pothole 140 34
2 pothole 110 61
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2.2 Measurement of distresses areas

A. Depressions

Fig. 12. Depression No.1. Fig. 13. Depression No.2.

Table 3. Measurements of Depressions

Depression no. | Distress type | Length (cm) | Width (cm) | Area (cm2)

1 Depression 210 180 37800
2 Depression 150 170 25500

B. Patching

» 0

Fig. 14. Utility Patching No.L. Fig. 15. Patching No.2.

Table 4. Measurements of Patching

Patching no. Distress type Length (cm) | Width (cm) Area (cm2)
1 Utility cut patching 700 50 35000
2 patching 360 155 55800

3. Applying image processing programs to measure pavement distresses
3.1 Measurements of road distresses using the Image J program

The ImageJ software was used in this research. ImageJ is a powerful image processing
software that can be customized to meet the specific needs of users. This was done through
the use of plug-in Java classes. A sample of images is shown in the following distresses.

3.1.1 Measurement of distresses lengths and widths
A. Cracks
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Fig. 18. Longitudinal crack No.3.

L s = [
g Fic E1_Form
= Fasn

100 000
017 000 000  NaN

Fig. 22. Transverse crack No.7. Fig. 23. Transverse crack No.8.
Table 5. Measurements of Cracks
Crack no. Distress type Length (cm) Width (cm)
1 longitudinal crack 995 2.98
2 longitudinal crack 1316 1.42
3 longitudinal crack 145 3.28
4 transverse crack 510 3.46
5 transverse crack 946 2.7
6 transverse crack 317 1.81
7 transverse crack 471 7.1
8 transverse crack 381 55
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B. Potholes

NN 4237

Fig. 24. Pothole No.1.

Table 6. Measurements of Potholes

P T T A T S

Fig. 25. Pothole No.2. -

Pothole no. Distress type Length (cm) Width (cm)
1 pothole 145 42.37
2 pothole 121 71.98

3.1.2 Measurement of distresses areas

A. Depressions

Fig. 26. Depression No.1.

Table 7. Measurements of Depressions

Fig. 2. Deprssion No.2. |

Depression no. Distress type Area (cm2)
1 Depression 31465
2 Depression 24496

B. Patching

Fig. 28. Utility Patching No.1.

29. Ptching No.2.

Fig.
Table 8. Measurements of Patching
Patching no. Distress type Area (cm2)
1 Utility cut patching 27500
2 patching 53100
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3.2 Measurements of road distresses using the Digimizer program

Digimizer is a software tool for measuring and analyzing images. This program enables users
to take precise measurements or allow the program to automatically identify an object in a
picture and define its parameters. Digimizer allows for the measurement of distances,
perimeters, areas, angles, and the identification of characteristics of circular objects such as
ellipses and circles. Moreover, the software can mark and count objects, as well as find and
decode barcodes and QR codes.

3.2.1 Measurement of distresses lengths and widths
A. Crachlvﬁms
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Fig. 30. Longitudinal crack No.1. Fig. 31. Longitudinal crack No.2.
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Fig. 32. Longitudinal crack No.3. Fig. 32. Transverse crack No.4.
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Fig. 34. Transverse crack No.5. Fig. 35. Transverse crack No.6.
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Fig. 36. Transverse crack No.7. Fig. 37. Transverse crack No.8.

Table 9. Measurements of Cracks

Crack no. Distress type Length (cm) Width (cm)
1 longitudinal crack 999 3.40
2 longitudinal crack 1318 2.40
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3 longitudinal crack 141 1.90
4 transverse crack 508 2.90
5 transverse crack 944 2.60
6 transverse crack 309 3.30
7 transverse crack 468 4.70
8 transverse crack 375 5.20
B. Potholes
‘Mm Na logh Unt L m:::
Fig. 38. Pothole No.1. Fig. 39. Pothole No.2.

Table 10. Measurements of Potholes

Pothole no. Distress type Length (cm) Width (cm)

1 pothole 146 41.80
2 pothole 122 68.40

3.2.2 Measurement of distresses areas

A. Depressions

\civi'universty \maser image procsssing \y hesa \2022\9\segmert photos 2 g\ 5 X || Measurermerts it
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oes

| Fig. 40. Dep}ession No.l.  Fig. 41. epsn No.2.

Table 11. Measurements of Depressions

Depression no. Distress type Area (cm2)
1 Depression 29800
2 Depression 22600

B. Patching

e s e o A e R
Length 1212432 5 o =y
Fig. 42. Utility Patching No.1. Fig. 43. Patching No.2.
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Table 12. Measurements of Patching

Patching no. Distress type Area (cm2)
1 Utility cut patching 24600
2 patching 46100

Results and Discussion

1. Correlation between the measurements of road distresses using the manual method
and the Image J program

1.1 Length of pavement distresses

The results showed that the length of distresses measured using the Image J program, and the
Digimizer program were greater than that measured by the manual measurement method.
This is likely due to the fact that the Image J program, and the Digimizer program are able to
detect smaller and thinner distresses than the manual measurement method. The correlation of
results obtained by using the Image J program, and the Digimizer program with the manual
measurement method showed a high correlation, as indicated by the high coefficient of
determination R? = (0.9999, and 0.9999). This means that there is a strong linear relationship
between the three sets of results. In other words, the results obtained by using the Image J
program, and the Digimizer program were closely related to the results obtained by using the
manual measurement method. Table 13 and Figures 44, and 45 provide more detailed
information about the results. The table shows the length of distresses measured using the
three methods for the images in the dataset. The figure shows a scatter plot of the results, with
the length of distresses measured using the Image J program, and the Digimizer program on
the y-axis and the length of distresses measured using the manual measurement method on the
x-axis. The line of best fit for the scatter plot is also shown. The results of this study suggest
that the Image J program, and the Digimizer program can be used to accurately measure the
length of distresses in pavement images. The high correlation between the results obtained by
using the Image J program, the Digimizer program and the manual measurement method
indicates that the three methods are producing slightly close results. This suggests that the
Image J program, and the Digimizer program can be used as a reliable alternatives to the
manual measurement method for measuring the length of distresses in pavement images.

Table 13. The Comparison Results of the Length of pavement Distresses

Distress type Manual measurements Measurements of Measurements of
(m) image j program (m) | Digimizer program (m)
longitudinal crack No.1 9.70 9.95 9.99
longitudinal crack No.2 12.85 13.16 13.18
longitudinal crack No.3 1.39 1.45 1.41
transverse crack No.4 5.00 5.10 5.08
transverse crack No.5 9.25 9.46 9.44
transverse crack No.6 3.00 3.17 3.09
transverse crack No.7 4.56 4.71 4.68
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transverse crack No.8 3.70 3.81 3.75
pothole No.1 1.40 1.45 1.46
pothole No.2 1.10 1.21 1.22

Regression model y =1.0191x + 0.053 y =1.0232x + 0.0145

R2 0.9999 0.9999
Length
14
.. y =1.0191x + 0.053

12 R2=0.9999
5 10 4
g |
o B
‘v 6 ® Llength
& d
E 4 @ e Linear (Length)
£ .

2 '.-

0 2 4 6 8 10 12 14
manual method

Fig. 44. The correlation between the lengths of pavement distresses measured
using the manual method and the Image J program.
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Fig. 45. The correlation between the lengths of pavement distresses measured
using the manual method and the Digimizer program

1.2 Width of pavement distresses

The results showed that the width of distresses measured by using the manual measurement
method was often greater than that measured by using the Image J program. However, the
width measured using the manual method is less than the measurements obtained through the
Digimizer program. This is likely due to the fact that the manual measurement method is
more subjective than the Image J program. When using the manual measurement method, the
human observer may be more likely to overestimate the width of a distress. The Digimizer
program isn’t accurate because it may have sophisticated algorithms and image processing
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capabilities that enable to detect and measure distress widths more precisely, leading to larger
measurements compared to the manual method. The correlation of results obtained by using
the Image J program with the manual measurement method showed high correlation, as
indicated by the high coefficient of determination Rz = (0.9257), and moderate correlation, as
indicated by the moderate coefficient of determination R2 = (0.5397) between the results
obtained by using the Digimizer program with the manual measurement method. This means
that there is a strong linear relationship between the results of Image J program, and the
results of manual method. However there is a moderate linear relationship between the results
of Digimizer program, and the results of manual method. Table 14 and Figures 46, and 47
provide more detailed information about the results. The table shows the width of distresses
measured using the three methods for the images in the dataset. The figures shows a scatter
plot of the results, with the width of distresses measured using the Image J program, and the
Digimizer program on the y-axis and the width of distresses measured using the manual
measurement method on the x-axis. The line of best fit for the scatter plot is also shown. The
results of this study suggest that the Image J program can be used to accurately measure the
width of distresses in pavement images. The high correlation between the results obtained by
using the Image J program and the manual measurement method indicates that the two
methods are producing slightly close results. This suggests that the Image J program can be
used as a reliable alternative to the manual measurement method for measuring the width of
distresses in pavement images.

Table 14. The Comparison Results of the Width of pavement Distresses

Distress type Manual Measurements of image Measurements of
measurements (cm) j program (cm) Digimizer program (cm)
longitudinal crack No.1 3.03 2.98 34
longitudinal crack No.2 1.46 1.42 2.4
longitudinal crack No.3 4.00 3.28 1.9
transverse crack No.4 2.37 3.46 2.9
transverse crack No.5 2.43 2.70 2.6
transverse crack No.6 2.17 1.81 3.3
transverse crack No.7 7.75 7.10 4.7
transverse crack No.8 5.75 5.50 5.2
Regression model y =0.8586x + 0.4094 y =0.4047x + 1.8061
R2 0.9257 0.5397
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Fig. 46. The correlation between the widths of pavement distresses measured using
the manual method and the Image J program.
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Fig. 47. The correlation between the widths of pavement distresses measured using
the manual method and the Digimizer program

1.3 Area of pavement distresses

The results showed that the area of distresses measured by using the manual measurement
method was greater than that measured by using the Image J program, and the Digimizer
program. This is likely due to the fact that the manual measurement method is more
subjective than the Image J program. When using the manual measurement method, the
human observer may be more likely to overestimate the area of a distress. The correlation of
results obtained by using the Image J program, and the Digimizer program with the manual
measurement method showed high correlation, as indicated by the high coefficients of
determination R2 = (0.9451, and 0.9456) respectively. This means that there is a strong linear
relationship between the three sets of results. In other words, the results obtained by using the
Image J program, and the Digimizer program were closely related to the results obtained by
using the manual measurement method. Table 15 and Figures 48, and 49 provide more
detailed information about the results. The table shows the area of distresses measured using
the three methods for the images in the dataset. The figures shows a scatter plot of the results,
with the area of distresses measured using the Image J program, and the Digimizer program
on the y-axis and the area of distresses measured using the manual measurement method on
the x-axis. The line of best fit for the scatter plot is also shown. The results of this study
suggest that the Image J program, and the Digimizer program can be used to accurately
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measure the area of distresses in pavement images. The high correlation between the results
obtained by using the Image J program, the Digimizer program, and the manual measurement
method indicates that the three methods are producing slightly close results. This suggests
that the Image J program, and the Digimizer program can be used as a reliable alternatives to
the manual measurement method for measuring the area of distresses in pavement images.

Table 15. The Comparison Results of the Area of pavement Distresses

Distress type Manual Measurements of Measurements of
measurements (m?) | image j program (m?) | Digimizer program (m?)
Depression No.1 3.78 3.15 2.98
Depression No.2 2.55 2.45 2.26
Utility cut patching 3.50 2.75 2.46
Patching 5.58 5.31 4.61
Regression model y =0.9946x - 0.4166 y =0.8184x - 0.0755
R2 0.9451 0.9456
6 Area
° y = 0.9946x - 0.4166
5 R?=0.9451
5 4 .
g" 3 . ® Seriesl
5 )
— ®. Linear (Series1)
B 2 :
=
- 1
1 2 3 4 5 6 Manual method
Fig. 48. The correlation between the areas of pavement distresses measured

Digimizer program

1
1

using the manual method and the Image J program.

Area

2 3 4 5

6

y =0.8184x-0.0755

R?=0.9456

manual method

Seriesl

Linear (Series1)

Fig. 49. The correlation between the areas of pavement distresses measured
using the manual method and the Digimizer program

Conclusion

1. Image processing techniques are used to measure road distresses using the Image J
program, and the Digimizer program.

2. The Image J program, and the Digimizer program are used to measure the length, width,
and area of road distresses in pavement images.
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3. The image j program, and the Digimizer program are fast image-processing programs,
require some experience, and are free.

4. Image processing softwares, ImageJ and Digimizer, demonstrated high accuracy in
measuring various pavement distress types compared to the conventional method.

5. The results of the study showed that the measurements obtained using the image j program
were similar to those obtained using the conventional method with high coefficients of
determination R% = (0.9999, 0.9257, and 0.9451) for length, width, and area respectively.

6. The results of the study showed that the measurements obtained using the Digimizer
program were slightly similar to those obtained using the conventional method with high
coefficients of determination R2 = (0.9999, 0.5397, and 0.9456) for length, width, and area
respectively.

7. The results showed a high degree of correlation between the Image J program with the
manual method so the Image J program can be concluded to be the most suitable program for
accurately measuring the dimensions of pavement distresses.

8. Image processing methods offer increased efficiency compared to the conventional
method, potentially reducing time, cost and resource requirements for pavement distress
assessments.

Recommendations
1. Further studies are needed using image processing techniques to measure road distresses.

2. It is recommended the use of close-range satellite images and drone images for pavement
inspection, depending on the results of this research and other research. The government
should also encourage the use of image processing techniques in the maintenance field.

3. Refine image processing algorithms for even higher accuracy, particularly for complex
distress patterns.

4. The next step in this research is to combine 2D and 3D information to create a more
reliable real-time system for inspecting pavements.

5. Integrate image processing with geospatial information systems for comprehensive
pavement management strategies.

References

[1] Huang, Y.-H., & Zhang, Q.-Y., “A review of the causes and effects of pavement
distresses”, Construction and Building Materials, Vol. 112, No. 1, pp. 294-305, 2016.

[2] Kulshreshtha, S., & Zhang, X., “Pavement distresses and their impact on pavement

performance”, Journal of Transportation Engineering, Part B: Pavements, Vol. 143, No. 1, pp.
1-10, 2017.

[3] Huang, Y.-H., & Zhang, Q.-Y., “A review of the causes and effects of pavement
distresses”, Construction and Building Materials, Vol. 112, No. 1, pp. 294-305, 2016.

[4] Abdelzaher E. A. Mostafa, and AO Abd EI Halim, “Evaluating the Effect of Surface
CVT72



Abdelzaher Ezzeldeen Ahmed Mostafa / Engineering Research Journal 180 (Decamber2023) CV57- CV73

Cracks on Moisture Induced Damage Using Different Standard Test Methods for Airfield
Pavement Mixes”, Proceedings of the Annual Conference - Canadian Technical Asphalt
Association (CTAA)-Montreal, Quebec, pp. 213-235, 2004.

[5] Abd El Halim Omar Abd El Halim, Dalia Said, and Abdelzaher E. A. Mostafa, “A
Protection of the Environment through the Prevention of Surface Cracking”, The Open Civil
Engineering Journal, Vol. 3, pp. 7-15, 2009.

[6] Shahin M.Y., "Pavement Management for Airports, Roads, and Parking Lots", 2nd
Edition, Springer Publishers, pp.101, 2002.

[7] Barrette T.P., "Comparison of PASER and PCIl pavement distress Indices",
Dissertations, Master's Thesis and Master's Reports, 2011.

[8] Ali R. ElSharkawy, Abdelzaher E. A. Mostafa, Lamyaa.G.Taha, and Rana
RezkMahmoud, “Merging SAR and Egyptsat Images for Improvement Roads Network
Extraction”, Engineering Research Journal, Vol. 151, C1- C24, 2016.

[9] Evdorides, "H. Safe Mobility: the cornerstone of IRF's reflections on improvement in
road safety", International Road Federation (IRF), 2018.

[10] Abdelzaher E. A. Mostafa, Ahmed Nabil, and Ahmed Serwa, “Studying the
Potentiality of Using Low Cost System Based on Image Analysis Technique to Survey the
Gravel’s Size in Asphalt Mixes”, Engineering Research Journal, Vol. 167, C21- C37, 2020.

[11] Keerti Kembhavi, M. R. Archana, and V. Anjaneyappa, “Low-Cost Image Processing
System for Evaluating Pavement Surface Distress”, EasyChair preprint, Vol. 9, No. 4372, pp.
1-12, 2020.

[12] Nima Safaei, Omar Smadi, Babak Safaei, and Arezoo Masoud, “Efficient Road Crack
Detection Based on an Adaptive Pixel-Level Segmentation Algorithm”, Transportation
Research Record, Transportation Research Board, Vol. 1, No. 1, pp. 1-12, 2021.

[13] Iman Hashim Abbas, and Mohammed Qadir Ismael, “Automated Pavement Distress
Detection Using Image Processing Techniques”, Engineering, Technology & Applied Science
Research, Vol. 11, No. 5, pp. 7702-7708, 2021.

[14] Rohit Ghosh, and Omar Smadi, “Automated Detection and Classification of Pavement
Distresses using 3D Pavement Surface Images and Deep Learning”, Transportation Research
Record, Transportation Research Board, Vol. 21, No. 1, pp. 1-16, 2021.

[15] Keyou Guo, Chengbo He, Min Yang, and Sudong Wang, “A Pavement Distresses
Identification Method Optimized for YOLOv5s”, Scientific Reports, Vol. 22, No. 1, pp. 1-15,
2022.

Cv73



