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Resumen-- La infraestructura vial juega un papel fundamental en el desarrollo de las naciones, tanto en términos de calidad de vida
como de crecimiento economico. En Colombia, la gestién de pavimentos es un aspecto crucial para mantener las carreteras en buen
estado y garantizar su correcto funcionamiento. Actualmente, los métodos tradicionales de evaluacion de pavimentos son costosos y
ambiguos, por lo que se busca implementar nuevas tecnologias como los vehiculos aéreos no tripulados (VANTS) para optimizar este
proceso. La investigacién que se presenta tiene como objetivo determinar la viabilidad de utilizar VANTSs para calcular el indice de
regularidad internacional (IRI), un indicador clave para evaluar la condicion superficial de los pavimentos. A través del procesamiento
de imagenes capturadas por los VANTS, se extraera informacion detallada de la superficie de rodadura, la cual sera analizada en
software especializado de gestion vial. Esta informacion permitira identificar zonas con dafios potenciales y predecir su evolucion en el
tiempo, facilitando la toma de decisiones oportunas para el mantenimiento y rehabilitacion de las carreteras.

La implementacion exitosa de esta tecnologia tendria un impacto significativo en la gestion de pavimentos en Colombia, permitiendo
una evaluacion mas eficiente, precisa y econéomica de la red vial nacional.

Palabras clave— UAS; infraestructura; administracion de pavimentos; Sistemas de Informacion Geografica.

Abstract— Road infrastructure plays a fundamental role in the development of nations, both in terms of quality of life and economic
growth. In Colombia, pavement management is a crucial aspect of keeping roads in good condition and ensuring their proper
functioning. Currently, traditional pavement evaluation methods are expensive and ambiguous, so new technologies such as unmanned
aerial vehicles (UAVs) are being implemented to optimize this process. The research presented aims to determine the feasibility of using
UAVs to calculate the International Regularity Index (IRI), a key indicator to assess the surface condition of pavements. Through the
processing of images captured by the UAVs, detailed information will be extracted from the running surface, which will be analyzed in
specialized road management software. This information will make it possible to identify areas with potential damage and predict its
evolution over time, facilitating timely decision-making for road maintenance and rehabilitation.

The successful implementation of this technology would have a significant impact on pavement management in Colombia, allowing
for a more efficient, accurate and economical assessment of the national road network

Index Terms— UAS,; infrastructure; pavement management; Geographic Information Systems.

move goods, people and the supply of services (Herra Gomez,
I. INTRODUCTION 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 (Bigici & Zeybek, 2021) in turn, having

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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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 & Zarate
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
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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 Bricefio 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.

TABLE
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) /2.8
Image Size 4000 x 3000

Modelo digital de
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Calibracién parametros
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Fig. 1. Processing of photogrammetric information. (Source: Authors).
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Fig. 1. Tool structure for data extraction. (Source: Authors).
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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.
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Fig. 4: Longitude profile of the analysed section. (Source: Authors).
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Fig. 5: Variation of the IRI as a function of the sampling range. (Source:
Authors).

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-Gonzalez 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.

ACKNOWLEDGEMENTS

The authors express their gratitude to the Research Seedbed in
Digital Simulation Models with GIS (SIMODIG), belonging to
the Research Group on Seismic Engineering and
Geoenvironmental Hazards (GIISAG), attached to the School
of Civil Engineering of the Pedagogical and Technological
University of Colombia (UPTC).

REFERENCES

Atencio, E., Plaza-Mufioz, F., Mufioz-La Rivera, F., & Lozano-
Galant, J. A. (2022). Calibration of UAV flight parameters
for pavement pothole detection using orthogonal arrays.
Automation in Construction, 143, e104545.
https://doi.org/10.1016/j.autcon.2022.104545

Badilla Vargas, G. (2011). Aspectos Y Consideraciones
Importantes En El Calculo Del Indice De Regularidad
Internacional ~ (Iri).  Revista  Ingenieria, 20(1-2).
https://doi.org/10.15517/ring.v20i1-2.7271

Bigici, S., & Zeybek, M. (2021). Automation in Construction
An approach for the automated extraction of road surface
distress from a UAV-derived point cloud. Automation in
Construction, 122, e103475.
https://doi.org/10.1016/j.autcon.2020.103475

Chun, P. J., Yamane, T., & Tsuzuki, Y. (2021). Automatic
detection of cracks in asphalt pavement using deep learning
to overcome weaknesses in images and gis visualization.
Applied  Sciences  (Switzerland), 11(3), 1-15.
https://doi.org/10.3390/app11030892

Cruz Toribio, J. O., & Gutierrez Lazares, J. W. (2019).

Anales de Edificacion, Vol. 10, N°3, 33-36 (2024). ISSN: 2444-1309



J. J. Alarcon, H. G. Contreras Urbano, L. C. Uribe Suarez

Evaluacion Superficial de Vias Urbanas empleando
Vehiculo Aéreo No Tripulado (VANT). Meétodos y
Materiales, 8, 23-32.
https://doi.org/10.15517/mym.v8il.34113

De Solminihac T., H.,, N., T. E., & G., A. C. (2019). Gestion De
Activos Viales. Gestion De Infraestructura Vial, 659—689.
https://doi.org/10.2307/j.ctvkjb4dw.23

Ferrer-Gonzalez, E., Aguera-Vega, F., Carvajal-Ramirez, F., &
Martinez-Carricondo, P. (2020). UAV photogrammetry
accuracy assessment for corridor mapping based on the
number and distribution of ground control points. Remote
Sensing, 12(2447), 1-19.
https://doi.org/10.3390/RS12152447

Gisbert, C. M., Lozano-Galant, J. A., Paya-Zaforteza, 1., &
Turmo, J. (2020). Calibration of the descent local search
algorithm parameters using orthogonal arrays. Computer-
Aided Civil and Infrastructure Engineering, 35, 997-1008.
https://doi.org/10.1111/mice.12545

Gopalakrishnan, K. (2018). Deep learning in data-driven
pavement image analysis and automated distress detection:
A review. Data, 3(3). https://doi.org/10.3390/data3030028

Gui, R., Xu, X., Zhang, D., Lin, H., Pu, F., He, L., & Cao, M.
(2018). A component decomposition model for 3D laser
scanning pavement data based on high-pass filtering and
sparse  analysis.  Semsors  (Switzerland),  18(7).
https://doi.org/10.3390/s18072294

Herra Gomez, L. D. (2018). Conceptualizacion del
procesamiento digital de imagenes para la evaluacion de
superficies de pavimento en Costa Rica. Infraestructura
Vial, 20(35), 20-26.
https://doi.org/10.15517/iv.v20i35.34831

Hoang, N. D. (2018). An Artificial Intelligence Method for
Asphalt Pavement Pothole Detection Using Least Squares
Support Vector Machine and Neural Network with
Steerable Filter-Based Feature Extraction. Advances in Civil
Engineering, 2018, 1-12.
https://doi.org/10.1155/2018/7419058

Jofré Briceno, C., Mufioz, F., Atencio, E., & Herrera, R. F.
(2021). Implementation of facility management for port
infrastructure through the use of UAVs, photogrammetry
and BIM. Sensors, 21(6686), 1-27.
https://doi.org/10.3390/s21196686

Kashiyama, T., Sekimoto, Y., Seto, T., & Lwin, K. K. (2020).
Analyzing road coverage of public vehicles according to
number and time period for installation of road inspection
systems. International Journal of Geo-Information, 9(161),
1-14. https://doi.org/10.3390/ij2i9030161

Ministerio de Transporte. (2006). Manual para la inspeccion
visual de pavimentos flexibles. In Manual para la
inspeccion visual de pavimentos flexibles.

Ministerio de Transporte. (2016). Volumen 1: Aspector
Informativos. In Manual de Mantenimiento de Carreteras.

36

Pacha, P. A., & Zarate Torres, B. A. (2020). Evaluacion
superficial de pavimentos rigidos en carreteras mediante
ortoimagenes obtenidas mediante un vehiculo aéreo no
tripulado. Avances: Investigacion En Ingenieria, 17(2), 1—
15. https://doi.org/10.18041/1794-4953/avances.2.6599

Pan, Y., Zhang, X., Cervone, G., & Yang, L. (2018). Detection
of Asphalt Pavement Potholes and Cracks Based on the
Unmanned Aerial Vehicle Multispectral Imagery. /[EEE
Journal of Selected Topics in Applied Earth Observations
and Remote Sensing, 11(10), 3701-3712.
https://doi.org/10.1109/JSTARS.2018.2865528

Prosser-Contreras, M., Atencio, E., La Rivera, F. M., &
Herrera, R. F. (2020). Use of unmanned aerial vehicles
(Uavs) and photogrammetry to obtain the international
roughness index (ir]) on roads. Applied Sciences
(Switzerland), 10(24), 1-22.
https://doi.org/10.3390/app10248788

Ragnoli, A., De Blasiis, M. R., & Di Benedetto, A. (2018).
Pavement distress detection methods: A review.
Infrastructures, 3(58), 1-19.
https://doi.org/10.3390/infrastructures3040058

Romero-Chambi, E., Villarroel-Quezada, S., Atencio, E., &
Rivera, F. M. La. (2020). Analysis of optimal flight
parameters of unmanned aerial vehicles (UAVs) for
detecting potholes in pavements. Applied Sciences
(Switzerland), 10(12), 1-33.
https://doi.org/10.3390/APP10124157

Sayers, M. (1995). On the calculation of international
roughness index from longitudinal road profile.
Transportation Research Record, 1501, 1-12.

Solminihac, H., Echaveguren, T., & Chamorro, A. (2019).
Gestion de infraestructura vial. Alfaomega.

Tan, Y., & Li, Y. (2019). UAV photogrammetry-based 3D road
distress detection. [International Journal of Geo-
Information, 8(409), 1-24.
https://doi.org/10.3390/ijgi8090409

Wang, Y., & Ye, T. (2022). Applications of Artificial
Intelligence Enhanced Drones in Distress Pavement,
Pothole Detection, and Healthcare Monitoring with Service
Delivery. Journal of Engineering (United Kingdom), 2022,
1-16. https://doi.org/10.1155/2022/7733196

Yousaf, M. H., Azhar, K., Murtaza, F., & Hussain, F. (2018).
Visual analysis of asphalt pavement for detection and
localization of  potholes. Advanced  Engineering
Informatics, 38(March), 527-537.
https://doi.org/10.1016/j.a€1.2018.09.002

Zhang, Y., Chen, B., Wang, J., Li, J., & Sun, X. (2020).
APICnet: Automatic pixel-level crack detection network
based on instance segmentation. /EEE Access, 8, 199159—
199170. https://doi.org/10.1109/ACCESS.2020.3033661

@ @ @ Reconocimiento = NoComercial (by-nc): Se permite la generacion de obras derivadas siempre que
no se haga un uso comercial. Tampoco se puede utilizar la obra original con finalidades comerciales.

Anales de Edificacion, Vol. 10, N°3, 33-36 (2024). ISSN: 2444-1309


https://doi.org/10.1109/ACCESS.2020.3033661

	I. INTRODUCTION
	II. Methods
	III. Results
	A.  Discussion of the results

	IV. Conclusions
	Acknowledgements
	References



