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Abstract- Despite the importance of maintaining flexible 

pavements in optimal conditions to guarantee the trafficability and 

comfort of users, the evaluation of failures in these pavements is 

usually a slow and costly process. Early detection of these failures 

is essential to prevent them from escalating and generating higher 

rehabilitation costs. Furthermore, in some areas of the city of 

Lima, the lack of government budget and availability for road 

maintenance further complicates the situation. This article 

addresses the evaluation of functional failures in flexible 

pavements, incorporating the use of mobile technology and image 

processing through the use of the MATLAB tool compared to the 

conventional method of Pavement Condition Index (PCI) 

according to ASTM D6433. The implementation of mobile 

technology together with the processing of photographic images 

for the evaluation of the PCI of the pavement generates a saving 

of 44.20% of the total cost for the evaluation using the traditional 

method. Likewise, the implementation of this method significantly 

reduces the PCI evaluation time by 15% concerning the traditional 

method in the evaluation of functional failures in flexible 

pavements. 
Keywords— Cost; time; functional failures; flexible 

pavements; photographic images; PCI. 

I. INTRODUCTION

Flexible pavements represent a necessary infrastructure 

to guarantee vehicle transit, which can affect travel time and 

user comfort. However, over time they can experience 

various failures and problems due to factors such as constant 

vehicle loading, adverse weather conditions, and natural wear 

and tear. Therefore, maintenance is very important to prevent 

these failures from intensifying, carrying out their evaluation 

and detection on the roads [1]. Unfortunately, this process 

tends to take a long time, generating additional costs, since as 

more time passes without addressing the detected failures, 

they are likely to worsen and further deteriorate the state in 

which they are found [2]. Therefore, this article uses the PCI 

methodology in its conventional form and with the use of 

photographic images proposed as an innovative 

methodology, which impartially classifies the quality of 

pavements, this is based on the results of a visual inspection. 

of the situation of the urban road, in which the category, 

severity, and density of each type of deterioration are 

determined. Furthermore, this is It is characterized by its 

simple application and does not require the use of specialized 

tools additional to those already integrated into the system. 

The present investigation is carried out along the entire 

Av. Central is located in a residential area in the city of Lima-

Peru that includes 0.5 km, which presents a road of flexible 

pavements, where we will measure and analyze the various 

faults which are found as gaps, longitudinal cracks, transverse 

cracks, edges, and crocodile skin. Finally, the objective of 

this research is the evaluation of flexible pavements by 

incorporating mobile technology and image processing, 

minimizing time and reducing costs without compromising 

the quality of the results to streamline the process and take 

measures for its proper maintenance. 

II. STATE OF THE ART

The article titled “Defects in Flexible Pavements: An 

Evaluation of the Relationship of Problems in a Low-Cost 

Pavement Management System” investigates the possible 

failures that can occur in flexible pavements and the 

relationships that exist between them. In addition, they 

provide better management to road management authorities 

in developing countries to be able to make effective decisions 

for their respective rehabilitation. This study provides the 

identification of the main defects in flexible pavements, such 

as potholes/sinking, fatigue cracks, wear and tread depth, and 

their relationships between them, to develop a low-cost 

pavement management system model [3]. The article titled 

“Process Improvement and Application of Pavement 

Management System based on Pavement Conditions in Jeju 

Island” develops a maintenance and rehabilitation method 

that proposes a satisfactory level of service for road users. 

Additionally, the author seeks to develop an efficient and 

systematic pavement management system that reflects 

regional characteristics, including physical and climatic 

factors that can affect pavement performance. To this end, he 

develops a pavement condition index (PCI) that reflects the 

characteristics of road surfaces resulting from failures and 

management states in a given region [4]. The article titled 

“Prediction of Pavement Condition Index Using Artificial 

Neural Networks Approach”, wishes to solve the problem of 

road quality assessment and maintenance in Palestine, using 

Artificial Neural Networks (ANN) to predict Pavement 

Condition Index (PCI) and prioritize rehabilitation programs 

to calculate budget effectively.  
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Likewise, it seeks to identify the main causes of failures 

and develop an innovative approach to estimate the PCI, 

considering factors such as the density and severity of the 

failures and the number of manholes in each section. [5]. The 

article titled “Using PAVER 6.5.7 and GIS Program for 

Pavement Maintenance Management for Selected Roads in 

Karbala City” provides information on pavement 

maintenance management based on flexible pavement 

deterioration, specifically on two types. of failure classified 

as structural deterioration and functional deterioration. 

Likewise, it mentions five main categories of common 

runway surface failures, as well as describes the use of tools 

and techniques to evaluate the PCI of different roads in Saudi 

Arabia. [6]. 

III. METHODOLOGY

The methodology is based on five stages as shown in Fig. 

1, which were delimited based on data collection. Firstly, the 

delimitation of the study area was carried out, the length of 

the road to be evaluated was determined, which covers 0.5 

km, and relevant parameters for the analysis were identified, 

such as vehicular traffic and the climatic conditions of the 

area. zone. Next, data collection was carried out from the 

study area, and then the conventional PCI method was 

applied to evaluate the pavement condition. During this 

process, detailed data on pavement functional failures, such 

as crocodile, edge, longitudinal/transverse, and void cracks, 

were collected by AASHTO 93 [7]. Likewise, the use of 

mobile technology was implemented to capture high-

resolution images of the pavement surface. These images 

were subsequently processed using MATLAB for a detailed 

analysis of the pavement conditions. On the other hand, a 

comparative analysis of the results obtained in the previous 

stages was carried out, evaluating the efficiency and precision 

of both methods. In the final stage, a comparison is made 

regarding the cost and delay time in the evaluation of 

pavement failures by both methodologies. 

Fig. 1. Activity diagram. 

IV. STUDY OF THE AREA OF ANALYSIS

   The delimited study area is Central Avenue located in a 

residential area in Lima-Peru. There are various residences, 

condominiums, and some shopping centers. In addition, it is 

access to reach other main places. The entity in charge of 

managing said area is the municipality of this same district, 

which has few resources to be able to take charge of the 

rehabilitation process of these roads. For this reason, this 

research area was chosen, where the functional failures in the 

pavements of the round-trip lanes will be evaluated, 

comprising a total of 0.5 linear km as shown in Fig. 2, to 

reduce the time and cost of said process. 

Fig. 2. Study area, Av. Central Lima- Peru. 

V. ICH EVALUATION

EVALUATION PROCESS 

ASTM D6433 [8]. It mentions that the sampling area 

should be 225 ± 90 m2. To do this, the width of the road on 

Central Avenue was measured, which is equivalent to 7.10m, 

to then determine the length to be divided and evaluated. In 

this case, 11 sample units were determined with lengths of 44 

meters each, obtaining an area of 312.40 m2 per sample unit. 

Finally, it was classified as having the range of values shown 

in Figure 3 that the standard recommends. 

Fig. 3. PCI classification range, according to ASTM D6433. 

VI. MATERIALS AND INSTRUMENTS

• CONVENTIONAL

To carry out the analysis of failures in the pavement 

network, various materials and instruments indicated in 

Standard ASTM D6433 [8] are used. These include 50m and 

5m measuring tapes, to measure the lengths of each section 

and the dimensions of the identified faults, wood, or a ruler 

to measure the unevenness of the faults, such as gaps, to 

obtain accurate data. A field notebook will be used to record 

observations and possible altercations that may arise during 

data collection in the field. Likewise, there will be a dedicated 

record sheet or format to record in detail the identified 

failures, their severities, and the corresponding quantities. 

• INNOVATIVE APPROACH

        For the development of low-cost failure evaluation, it 

will not be essential to use laboratories or real projects. We 

will apply a methodology that serves to analyze the Pavement 

Condition Index (PCI). This methodology leverages mobile 

technology to perform a detailed assessment of pavement 

failures. Using photographic images as the basis for PCI 

analysis allows for efficient and cost-effective data collection 
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in the field. This simplifies the process and reduces the costs 

associated with implementing the proposal. 

Some requirements necessary to carry out the following are: 

A. MOBILE DEVICE WITH HIGH RESOLUTION CAMERA

TO CAPTURE DETAILED IMAGES OR VIDEOS: This

facilitates accurate identification of faults and ensures quality

data for analysis.

B. MATLAB SOFTWARE: This becomes an essential tool at

this stage. Preprocessing techniques are applied to improve

the quality of images. This may involve brightness

adjustments, contrast correction, noise removal, and any

other optimizations necessary to facilitate subsequent

analysis. Additionally, segmentation techniques are involved

to highlight flaws identified in the image, ensuring that the

analysis focuses on the relevant parts of the image.

Below are the codes used in the MATLAB tool:

a) IMAGE CAPTURE: For the process of capturing

images from a recorded video of pavement failures

with the help of the mobile device, the following

MATLAB code is used as shown in Fig. 4.

Fig. 4. Matlab code to capture videos into images. 

b) DESIGNATION OF RULE OR UNIT OF

MEASUREMENT IN MATLAB: To measure the

dimensions of the faults found in the images, a

measurement tool is assigned in MATLAB using the

code as shown in Fig. 5.

. 

Fig. 5. Matlab code to assign a measurement tool. 

RESULTS PRESENTATION 

Once the failure measurement of the 11 sections in the 

field has been carried out, it is compared with the maximum 

deduced value to classify the state of the pavement. To 

understand it better, tables 01 and 02 show the results 

obtained with their respective colors that indicate the 

condition of the pavement in a range from very bad to very 

good. 

TABLE 01. 

Traditional Pavement Condition Rating Summary 

TABLE 02. 

Pavement Condition Classification Summary Imaging Methodology 

On the other hand, the results of the total costs and 

times are presented according to each method applied for 

the evaluation of pavement failures as shown in Tables 03 

and 04. 

TABLE 03. 

Estimated total cost of traditional PCI and PCI with photographic image 
methods 

TABLE 04. 

Total time spent in (days) for traditional PCI and PCI with photographic 

image methods 
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ANALYSIS OF RESULTS 

Below, the results of the evaluation of the condition of the 
pavement are presented, taking into account all the guidelines 
established by the PCI and the ASTM D6433 – 18 standards 
[8]. Likewise, a comparative analysis will be developed 
regarding the results of the traditional method and the new 
applied technology, which is the use of a mobile phone and 
MATLAB software. 

A. Pavement Condition Index

Accordingly, with the applied methodology, a total of 345
faults were identified in the 11 sections evaluated, of which 
101 hollow-type faults, 31 crocodile-type faults, 68 edge-type 
faults, and 144 crack-type faults, both longitudinal and 
transverse, were found. In Fig. 6 you can see some of these 
faults found in the field where they present a medium-high 
severity.  

Fig. 6. Failures found in the pavement with different severity. 

By evaluating all the results obtained in the field and 
classifying them according to the status to which they belong 
according to the severity of each failure, it was deduced that 
this road is in a critical state since most of the sections have a 
classification of “Bad” and “ Very bad” as shown in figure 02, 
where sections 01, 03, 07, 06, 09 and 11 have 215 faults in 
total, where 44.65% represents the hole, so it is in a very bad 
state. Likewise, sections 02 and 10 represent a regular state 
where the most recurrent failure is cracking with 78% of 55 
failures. Finally, sections 05 and 08 present a very good and 
good condition, since it has 50 faults of which 34% are 
transverse and longitudinal cracks. Table 4 shows the 
summary of the number and percentage of failures in the 
evaluated sections.  

TABLE 05. 
Percentages and number of faults found in the various sections 

B. Image processing using Matlab

As a result of the entire route of the road through a video

taken by a mobile device and by the use of codes for image 

processing using MATLAB software, more than 700 images 

were obtained approximately every 44 meters, equivalent to 

a stretch, of which a selection of photos was made for proper 

measurement and calculation of the PCI, leaving 35 to 40 

images depending on the visualization of the various faults. 

The result of this processing, as shown in Fig. 07, revealed 

that section 4 is the only one in its Very Bad category, while 

sections 1,3,7, 9, and 11 present a Bad condition.  This 

represents that more than 55% of the evaluation of this 

pathway is critical. Likewise, sections 2 and 10 have regular 

status, sections 5 and 6 have a good classification and finally 

section 8 has a very good classification. 

Fig. 7. Percentage of failure according to MATLAB processing. 

The results of this processing are similar to what was 

evaluated in the field as shown in Fig. 08, since in some 

sections such as 8, 10, and 11 they have a difference of 1 to 3 

figures greater than what is reflected in the results of the aerial 

research. On the other hand, sections 2,3 and, 7 do manage to 

exceed 8 to 11 figures. However, this does not change the 

condition of the pavement according to the standard table Fig. 

3. Finally, it should be noted that the other sections, which

are 1, 4, 5, 6, and 9, are the same as what was done in the

field. In total this gives us an 86% similarity of everything

evaluated in the 2 proposed ways and an error percentage of

7.45% concerning the field shot, which indicates that it does

not vary in almost anything.

Fig. 8. Comparison between traditional PCI and photographic images. 

Moreover, a detailed analysis of each section was carried 

out regarding the percentage of coincidence and error of what 

was carried out in the field and the office, giving 91.8% 

similarity and 8.2% error, which can be seen in Table 06. 

TABLE 06. 

Percentages and number of faults found in the various sections 
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Likewise, a detailed analysis was carried out about two 

important aspects: the time and cost associated with 

collecting and processing data collected from the study area. 

The evaluation of these two elements is a fundamental pillar 

to understanding operational efficiency and strategic resource 

management, which offers a precise vision of the temporal 

performance and economic investment of the task performed. 

C. Analysis of cost and time in the manual evaluation of

PCI according to ASTM D6433 Standard VS analysis of

cost and time in the evaluation of PCI through

photographic images

For both cases, the cost per hour worked by one (1) field

support staff for data collection was evaluated, taking into 

account that the cost per day is S/. 59.80 according to the 

FTCCP (2023-2024). Likewise, other common expenses 

were considered, such as food and transportation for staff. All 

this is for on-site work, that is, data collection in the field. The 

cost is detailed in Table 07. 

TABLE 7. 

Cost of the day for support staff traditional method ASTM D6433 standard 

   For data collection with the traditional method, an 

average of 6 hours of work per day was estimated, thus 

having a total of S/. 72.85 per day. Likewise, for office work 

personnel with a total of S/. 64.85 per day, deducting the cost 

of the ticket. 

Regarding data collection by applying the methodology of 

photographic images, the following is available: 

TABLE 08. 

Cost per day for support staff method photographic images 

   An average of 0.3 hours of work per day was estimated 

(video recording of the section), thus having a total of S/. 

30.11 per day in the field. Likewise, for office work personnel 

with a total of S/. 62.21 per day, deducting the cost of the 

ticket and considering 6 hours of work. 

From what was shown above, it can be seen that there is a 

considerable cost reduction in terms of the payment of 

support personnel per day, this varies by the number of hours 

worked in a day. For data collection by the traditional 

method, it was calculated as 6 hours, while for the 

photographic image method only 0.3 hours. 

On the other hand, the costs for materials, tools, accessories, 

and services used to obtain the PCI by both methods used in 

the study area were evaluated. 

Below are the costs of each of the tools and materials used 

on-site to collect data for the evaluation of pavement failures 

in its traditional method as governed by the ASTM D6433 

standard, as shown in table No. 09. 

TABLE 09. 

Cost of tools and material for data collection traditional method ASTM 

D6433 standard 

    The tools and materials shown in Table 09 were used and 

a total of S/. 276.10 in the acquisition of them. 

Likewise, Table No. 10 shows the costs of the tools and 

services used to collect data for the evaluation of pavement 

failures according to the photographic image method. 

TABLE 10. 
Cost of tools and material for data collection using photographic images. 

       For the method of photographic images, the materials 

and services shown in Chart 10 were used, which estimated a 

total of S/. 360.00 in the total cost for the PCI evaluation. 

The total labor cost in collecting data for the evaluation of 

pavement failures using both methods already mentioned is 

detailed below. Taking into account the number of hours 

worked, the number of days worked, and the number of 

personnel required per day 

With the traditional method, a total cost of S/. 582.80 in labor 

for data collection. Because this collection was carried out in 

6 hours, with a quantity of 8 personnel. 

 On the other hand, with the use of the photographic image 

method. A total cost was estimated at S/. 30.11 in labor for 

data collection. Because this collection was carried out in 0.5 

hours, with 1 support staff. 

Table 9 shows the comparison of cost and time between the 

traditional methods and images. 
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Fig. 9. Comparison of cost and time in data collection Traditional method 

vs images. 

Finally, the time and total cost of work carried out for the 

evaluation of pavement failures in the office for both methods 

were evaluated. 

By the traditional method governed by ASTM D6433[8]. A 

total cost was estimated at S/. 129.70 taking into account that 

there are two personnel to carry out said activity. Moreover, 

a total of 770 minutes equivalent to 12.8 hours were estimated 

between both personnel to carry out this evaluation and 

obtain the final results as shown in Table 12.  

TABLE 11. 

Total time in the application of the PCI methodology for the traditional 

method 

   In the same way, the analysis was carried out for the 

method with photographic images and a total cost of S/. 

161.57 taking into account that there are two personnel to 

carry out said activity. Also, a total of 935 min was estimated, 

equivalent to 15.5 hours between both personnel, to carry out 

this evaluation and obtain the final results as shown in Chart 

12.  

TABLE 12. 

Total time in the application of the PCI methodology for photographic 

image methodology 

    The total costs of the application of both methods for the 

evaluation of PCI in the pavement are presented below. 

       The following table 13 shows the total cost of the 

evaluation of pavement failures by both methods, considering 

the first day of the data collection, calculation of the PCI, and 

materials used in said activity. 

TABLE 13. 

Total cost in the application of the PCI methodology for both methods. 

  These total values were estimated with the sum of the 

partial costs. For example, for the traditional method: the 

labor cost in data collection of S/. 582.80, the cost of cabinet 

work S/.129.70, and the tools and materials used: S/. 276.10 

in this way obtaining a total sum of S/. 988.60. On the other 

hand, for the photographic image method, the labor cost in 

data collection was demonstrated to be S/. 30.11, the cost of 

cabinet work S/.161.57, and the tools and materials used: S/. 

360.00 in this way obtaining a total sum of S/. 511.68. Figure 

09 shows a graphical representation of the total cost of both 

methods. 

Fig. 10. Comparison of times between both methods 

Based on the cost of the traditional method (S/. 988.60), 

it can be estimated that the cost generated by the photographic 

image method (S/. 551.68) is 55.80% of the total cost. In this 

way, it is estimated that the savings are 44.20% compared to 

the traditional method. 

On the other hand, the total time (in hours) was estimated 

as shown in tables 09 and 10 used to carry out the PCI 

evaluation on the selected Av. by both methods explained 

above. 

A total of 18.8 hours of work was estimated both in the 

field: in data collection; in the office: and failure evaluation. 

To obtain the PCI according to the traditional method as 

indicated in the ASTM D6433 standard [8]. According to the 

method of photographic images, a total of 15.8 hours of work 

was estimated both in the field: data collection; and in the 
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office: failure evaluation. This comparison is shown in Figure 

10. 

Fig. 11. Comparison of times between both methods 

From the above, it can be stated that the time used for the 

PCI analysis of the pavement is less compared to the 

photographic image method, while the traditional method is 

15% longer. 

CONCLUSIONS 

        The evaluation of failures in flexible pavements through 

the traditional PCI method is a process that requires 

considerable time and the need for personal dedication. This 

leads to higher costs, both for the acquisition of tools and for 

the hiring of labor, added to the expenses associated with 

lunches and other necessary resources. This is stated because 

the total cost value for the traditional method is S/. 988.60, 

while using the method of photographic images a value of S/. 

551.88. 

       The implementation of mobile technology together with 

the processing of photographic images for the evaluation of 

the PCI of the pavement generates a saving of 44.20% of the 

total cost concerning the evaluation using the traditional 

method according to the ASTM D6433 standard. 

        The implementation of the photographic image method 

through MATLAB significantly reduces the evaluation time 

(15.80 hours) of the PCI by 15% compared to the traditional 

method (18.8 hours) in the evaluation of functional failures 

in flexible pavements. Additionally, this approach allows the 

assessment to be carried out remotely, either from an office 

or even from home. 

      MATLAB software is viable to easily detect various 

pavement failures since it allows the use of technology such 

as mobile devices, which provides a reduction in time and 

cost, which is useful for good management. In addition, it was 

possible to identify the sections with the highest critical 

status. 

         The validation of the use of this technology to detect the 

condition of the pavement has been satisfactory. Data 

collected in the field were compared with data from image 

processing. The validation was based on the detection of the 

severity of each of the failures to be able to classify them by 

the ASTM D6433 standard and then be able to obtain the PCI 

and values that show a very strong classification of the 

information carried out in the field. Having a coincidence 

percentage of 91.8% and an error of 8.2%, which means that 

this research can be used in various flexible pavement 

condition evaluation projects. 
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