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I. INTRODUCTION

OADS are the most important road asset managed by the 
State. This type of infrastructure is fundamental in the 

socioeconomic development of the nation, as its function is to 
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move goods, people and the supply of services (Herra Gómez, 
2018) To carry out these activities, it is important that the roads 
are functional, safe and comfortable. To achieve this, routine 
maintenance activities must be carried out according to what 
was initially scheduled (Biçici & Zeybek, 2021) in turn, having 
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infrastructure with optimal conditions reduces the 
environmental and vehicular externalities of the operation of 
the road corridor (Kashiyama et al., 2020) 

In Colombia, the National Institute of Roads (INVIAS) has 
standards and manuals related to the construction, auscultation, 
maintenance and administration of road assets (Ministerio de 
Transporte, 2006; Ministerior de Transporte, 2016) In relation 
to auscultation, these evaluations involve technical, functional 
and structural elements of the pavement (Pacha & Zárate 
Torres, 2020) In particular, functional evaluation involves the 
calculation of the surface conditions of the pavement and their 
respective indices. As a result of this assessment, it is possible 
to correlate elements of the structural state according to the type 
of damage and its severity (De Solminihac T. et al., 2019) 
Another application of the results obtained is the creation of 
behavioral models, which, according to Solminihac et al. 
(Solminihac et al., 2019) are mathematical expressions that 
predict the evolution of the pavement condition over time, 
based on initial or commissioning conditions and throughout 
the useful life. The purpose of these models is to predict the 
effects of proposed maintenance activities and their relationship 
to the quality assurance of functionality indicators.  

In the international context, the use of unmanned aerial 
vehicles (UAVs) and the application of artificial intelligence 
techniques have made it possible to automate auscultation 
processes (Chun et al., 2021; Gopalakrishnan, 2018; Gui et al., 
2018; Hoang, 2018; Pan et al., 2018; Wang & Ye, 2022; Yousaf 
et al., 2018; Zhang et al., 2020). On the other hand, the 
implementation of LiDAR technology and high-resolution 
cameras has made it possible to determine conditions more 
accurately (Ragnoli et al., 2018; Tan & Li, 2019) The 
application of UAVs has proven to be an application with 

acceptable technical conditions and reduce the cost of capturing 
information. Recently, research has focused on the number and 
distribution of field control points for the survey of civil 
infrastructure (Jofré Briceño et al., 2021; Prosser-Contreras et 
al., 2020). 

II. METHODS 
The development of the research includes 5 stages. The first 

includes flight planning activities and the determination of 
optimal conditions for information capture, these parameters 
were extracted from the recommendations of similar studies 
(Atencio et al., 2022; Romero-Chambi et al., 2020) The second 
stage includes the realization of the flight, for this, it was carried 
out through the Phantom 3 model, the specifications of the 
camera are exposed in Table 1.  

In the third stage, the images are processed using the tools of 
the Agisoft Metashape photogrammetric software, the 
workflow is shown in Fig. 1. 

The fourth stage involves extracting data from the digital 
elevation model. To automate this stage, a sequence of tools 
was developed in ArcMap software (ArcGIS), the schema 
presented in Fig. 2. In the last stage, the IRI is calculated 
according to the sampling range (Badilla Vargas, 2011; Sayers, 
1995) and processed through the ProVAL software. 

 
Fig. 1. Processing of photogrammetric information. (Source: Authors). 

 
Fig. 1. Tool structure for data extraction. (Source: Authors). 

TABLE I 
SENSOR CHARACTERISTICS 

Feature Value 
Sensor 1/2.3" CMOS 

Effective Pixels 12 MP 
ISO Range 100 – 1600 (photo) and 100 – 3200 (video) 

Lens FOV 94° 20mm (35mm format equivalent) f/2.8 
Image Size 4000 x 3000 
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III. RESULTS 
 There is no consensus on optimal flight parameters. This 

process must be done through iterative processes. The 
experimental designs developed for this purpose are carried out 
through the application of techniques such as Taguchi factors 
to converse statistical sufficiency (Gisbert et al., 2020) 

As a result of stage 3, the dense point cloud shown in Fig. 3 
(a) was extracted. It is possible to identify that it is a one-lane 
road with two lanes of traffic. Figure 3 (b) shows the alignment 
from which the data were extracted. Fig. 4 shows the 
longitudinal profile obtained during the flight at 40 m. 

From the extraction of data from the ProVAL software, the 
IRI is presented based on the sampling range. Figure 5 shows 
the results of the flight. 

A.  Discussion of the results 
From the results obtained, it is possible to affirm that it is 

necessary to analyze the flight height and overlaps in a timely 
manner. Some authors (Cruz Toribio & Gutierrez Lazares, 
2019) recommend capturing information related to variables 
such as GSD between ranges of 0.30 to 0.35 cm/pixel. On the 
other hand, the time of capture of the information is relevant, 
Atencio et al. (Atencio et al., 2022) recommend hours with less 
shade.  

On the other hand, the implementation of control points in 
the field is essential. Despite obtaining a low error for the flight 
of 40 m, it is advisable to adjust the model by arranging control 
points in the field (Ferrer-González et al., 2020) 

IV. CONCLUSIONS 
 From the results obtained, it is concluded that the results do 

not depend on the flight height but on the surface sampling 
distance (GSD), therefore, it is recommended that, in the 
information capture process, values between 0.3 to 0.4 cm/pixel 
are ensured. 

The continuous information capture resulting from this 
methodology allows the analysis of the profiles and behavior of 
the IRI in the circulation width. This represents an advantage in 
relation to the collection of information.  

Through the systematic review process, the relevant 
variables in the processing of images captured with UAVs were 
identified. The use of these platforms represents time savings 
and increased security in the data capture process. The quality 
of the information is acceptable in project-level analyses. As a 
reference in future research, the objective of these should be to 
look for the combination and distribution of ground control 
points and their influence on the quality of the results. On the 
other hand, another source of research is the implementation of 
artificial intelligence techniques for the extraction and 
processing of information from dense point clouds. 
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