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ABSTRACT 

The purpose of this article is to conceptualize the use of Drones and Remote Sensors technology in pavement 

evaluation, which have allowed to advance in the development of different methods to detect deterioration with precision 

and reliability. Thus, through the use of images, data collection with high precision and the ease in traveling long distances 

have made the drone-remote sensor integration a tool that can undoubtedly be used today in road projects such as 

improvement, rehabilitation and conservation. The methodology consisted in the interpretation and explanation of the 

relationship between Drone, Remote Sensors and their application in the visual evaluation of pavements. For this purpose, 

several normative documents, academic and research works at national and international level have been consulted. As 

results and discussion, the importance and conceptualization of the subject in question is shown. Finally, it was concluded 

by showing the need to implement these technologies in the development of road projects and the possible advantages in 

the immediate future. 
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1. INTRODUCCIÓN 

Roads are the most extensive, valuable and 

important structures for a country, because they are a 

source of development and evolution, they improve the 

quality of life of the inhabitants, so it is very important to 

perform timely maintenance ensuring safety, comfort and 

convenience conditions for users [1] [2]. That is why is 

necessary that Governmental Entities allocate annual 

resources for the conservation, improvement and 

exploitation of road infrastructures that due to different 

factors, such as natural deterioration, traffic aggression, 

technical obsolescence and rough environmental 

conditions, suffer damages that sometimes, if are  not 

detected in time, can be irreversible. 

Secondary and tertiary road networks make up 

approximately 90% of Colombia's roads and are 

undoubtedly the engine of urban and rural development, 

and contribute to poverty reduction [3]. According to data 

from the Colombian Chamber of Infrastructure [4], single 

carriageway roads account for about 94% of the total 

kilometers of the aforementioned road networks, and 

paved roads account for about 19% of the total kilometers. 

Currently, the roads that connect the main cities, both in 

the rural and urban sectors, show the backwardness and 

lack of provision of logistics and transportation 

infrastructure, which has been repeatedly pointed out as 

one of the main obstacles to economic development and 

the consolidation of peace in our country [5]. Regarding 

the quality of roads in Colombia, users have given a score 

of 38 out of 100 points, and in relation to other 140 

countries consulted, Colombia ranks 102 [6], data that 

evidences the need to have a road infrastructure with 

optimal and acceptable levels of quality.  

It is for these reasons that roads need a scheduled 

maintenance, to provide the community in general with a 

quality service, comfort and safety when transporting, to 

fulfill the necessary specifications, to support regional 

social and economic development, adequate mobility and 

reduce costs for users, therefore it is important to use the 

diagnosis of pavements in order to obtain the true state of 

the roads and implement phases of prevention and 

rehabilitation, according to the type of affectation that is 

present. One of the important tasks within this process is 

the evaluation of the surface condition of the pavement 

structure where a visual inspection is performed followed 

by a deterioration report. This information can currently be 

performed manually based on the regulations of the 

Instituto Nacional de Vías [7] and also by implementing 

new technologies with tools such as the Drone and its 

Remote Sensors that allow the capture of images of the 

study area and that serve to feed the databases of the PMS 

(Pavement Management Systems), for the subsequent 

analysis and processing of the information captured, 

facilitating the processes, organization and display of the 

inspection results. These new  technologies with Remote 

Sensors are important to be studied and evaluated to know 

and determine the results they offer compared to 

traditional methods of pavement inspection, allowing a 

more accurate interpretation of the information collected, 

reliability and efficiency of the information, work times 

and costs. 

Likewise, technological advances have allowed 

great improvements in different sciences and techniques 

developed by human beings, and Civil Engineering has not 

been alien to this [8]. Currently, there are different tools 

(digital databases, software, machinery, communication 

systems, materials, additives, etc.) that seek to provide 

efficiency and agility in civil engineering projects. Civil 

works such as the construction of a highway require a 

demanding information gathering and analysis process 

(previous studies), which is fundamental and will define 

the success or failure of the construction process [9] [10]. 

In addition to that, apart from carrying out an adequate 

construction, it is necessary to guarantee the conservation, 
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for which an analysis of the behavior of the structure 

throughout the useful life period must be carried out. 

In recent years and thinking about the control of 

works that cover large areas (such as roads), new 

technological tools commonly known as UAV (Unmanned 

Aerial Vehicle) or better known as drones have been 

adopted, which were initially developed for military 

surveillance purposes but due to its high efficiency and 

versatility have been implemented within the field of civil 

engineering [11] [12]; taking great importance and being 

used with a variety of applications. 

This research article will address the main 

characteristics of drones, the importance acquired by these 

devices in the development of daily activities performed 

by man [13] and the variety of applications so far 

implemented in the work of Civil Engineering, specifically 

in the field of Pavement Engineering, studying the 

possible improvements that would lead to a systematized 

implementation of this technology in addition to other 

tools and its comparison to traditional methods of 

observation and evaluation of pavements. 

 

2. METHODOLOGY 

The proposed research is a state of the art on the 

conceptualization of the use of Drones and Remote 

Sensors in the visual assessment of pavements. In this 

aspect, it reflexively recovers and transcends the 

accumulated normative documents on the importance and 

introduction of new technologies in pavement 

monitoring[14], assuming a critical position on what has 

been done and what is yet to be done[15]. Therefore, this 

is framed within the documentary research of hermeneutic 

approach, given the purpose of knowing and appropriating 

reality in order to discuss and problematize it [16], through 

the interpretation and explanation of the existing 

relationships between the contents of public mental health 

policies and the context [17]. For Gadamer, "interpretation 

always begins with previous concepts that will have to be 

progressively replaced by other more adequate ones. Here 

there is no other objectivity than the validation obtained by 

previous opinions in the course of their elaboration" [18]. 

This anticipation of meaning, instead of being an obstacle 

to hermeneutic understanding, is its condition of 

possibility, since it is the one that allows a first orientation, 

a guide, which will have to be contrasted in the path of 

inquiry [19]. 

The search for articles was carried out in 

databases such as ScienceDirect, ProQuest and Scielo, 

focusing on articles published in scientific journals that 

have been conducted on the topics under study.keywords 

such as "UAV and Pavement", "Drone and Pavement" and 

"UAV and Drone and Pavement" were used to locate the 

article. At least 50 scientific articles from high impact 

journals and reports from official Colombian state 

institutions were included in the literature review of this 

text. 

 

 

 

 

3. RESULTS 

 

3.1 Remote Sensing and Pavement Evaluation 

Remote Sensing technology dates back to 1854 

[20], however the low quality and difficulties in 

interpretation made this procedure materialize only until 

the First World War [21].With the advances in the 

development of photographic machines and aerial means 

of navigation, it became possible to obtain information 

about what was happening on the ground from a 

perspective different from that of the human eye and with 

a greater degree of detail that allows classifying the 

information according to its relevance and making 

decisions in different fields of application. The use of this 

information had a primarily military focus and the 

different wars throughout history drove the development 

of this technology to the present days [22] [23]. However, 

its important characteristics have been adopted for 

application in different disciplines, including Pavement 

Engineering. 

Remote sensors are the complement to the Drone 

equipment, increase its functionality, efficiency and make 

this set a novel, versatile and excellent tool that currently 

has been incorporated to the inspection and evaluation of 

pavement structures [24] [25]. Adequate maintenance, and 

in turn the preservation of the road structure, depends on 

the evaluation, hence the importance of implementing an 

effective and reliable system that contributes to meet the 

objectives of proper management, focused on the 

construction and maintenance of roads, which in the case 

of countries such as Colombia are the engine of the 

economy. Currently, several countries have advanced 

programs for the implementation of Drone tools  [26] [27], 

and they have also demonstrated that their use will allow 

improving processes and obtaining quality results on 

issues related to pavement evaluation [28]. 

The Remote Sensing technology in conjunction 

with drones, allows for a general evaluation of preliminary 

data [29], such as location, geometry, topography, 

climatic, environmental and geological conditions, among 

others, which can then be filtered according to their 

relevance, giving the possibility of concentrating the 

inspections on specific points where the existence of 

problems of the structure is evident, thus, a focused work 

will be performed, and that will lead to a review of 

exhaustive and detailed character. With the information 

collected, its subsequent processing and due analysis, the 

corresponding decisions will be made according to the 

evaluation made and depending on the case under study, 

both in maintenance and in possible rehabilitation of 

existing pavements. 

For example, in the research of [30] they 

developed an innovative methodology based on digital 

images, called Overlaid Digital Image Analysis (OIA), to 

better understand the role of the reactivated binder in the 

cracking behavior of Hot Mix Asphalt with Reclaimed 

Asphalt Pavement (HMA-RAP), where important results 

in terms of cracking behavior have been evidenced.  

[31] They point out that the most important and 

available sensors, with payload, are mainly classified into 
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three classes according to the spectral length and the 

number they can record: RGB (red, green, blue) or VIS 

(visible) sensors, multispectral sensors and hyper spectral 

sensors. In the case of RGB or VIS sensors, as proposed 

by [32] [33], they are the most common and widely 

available commercial cameras, as shown in Table-1. Their 

potential applications have been the focus of most research 

for years due to their potential, operational requirements 

and low cost.  

 

Table-1. RGB cameras and their main specifications. Source: authors. 
 

Camera model 
Sensor type and 

resolution [Mpx] 
Sensor format Sensor Size [mm] Weight [gr] 

Zenmuse P1 8192×5460; 45 Full Frame 35.9x24 787 

Zenmuse L1 CMOS; 1280×960; 20 Full Frame --- 900 

Hasselblad A6D-

100c 
11600×8700; 100 Full Frame 53,4x40,0 1360 

Zenmuse X7 CMOS; 24 
Small Frame 

Mirrorless 
23.5×15.7 449 

Zenmuse X5s CMOS; 20,8 
Small Frame 

Mirrorless 
--- 461 

Zenmuse X5r CMOS; 16 Small Frame 17.3x13.0 450 

Zenmuse Z30 CMOS: 30 
Small Frame 

Mirrorless 
--- 450 

 

Regarding multispectral sensors, [34] [35] 

highlight that due to a lower resolution of the sensors, 

compared to RGB, a lower flight altitude and adequate 

horizontal and vertical overlap of the recorded images 

must be taken into account to obtain an adequate 

resolution, on the ground, for the object of study and to 

avoid data loss. In the case of hyper spectral sensors in 

UAVs, based on the study of [36], the size of the images, 

like the data stream, is larger than the images originated by 

multispectral and RGB sensors. Also, these sensors can 

acquire a large amount of data, but the payload limitations 

of UAVs may not allow adequate transport of file storage 

systems. Table-2 shows the main specifications of hyper 

spectral cameras. 

 

Table-2. Hyperspectral cameras and their main specifications. Source: [31]. 
 

Camera model Lens 
Spectral range 

[µm] 

Spectral bands 

[number and µm] 
Weight [kg] 

CUBERT Snapshot + PAN 450-995 125 (8 µm) ca. 0.5 

Cornirg microHSI 

410 SHARK 
CCD/CMOS 400-1000 300 (2 µm) ca. 0.7 

Rikola Ltd. 

hyperspectral 

camera 

CMOS 500-900 40 (10 µm) ca. 0.6 

Specim-AISA 

KESTREL16 
Push-broom 600-1640 350 (3 - 8 µm) ca. 2.5 

Headwall 

Photonics 
InGaAs 900-1700 62 (12.9 µm) ca. 1.1 

Micro-hyperspec 

X-series NIR 

 

3.2 Drone or UAV in Pavement Evaluation 

A drone is an unmanned aircraft on board, 

equipped with a digital photography system capable of 

transmitting images in real time, its control and operation 

is performed by a remote system on the ground and its 

main feature is to provide the possibility of performing a 

visual inspection to places of difficult access. The use of 

drones to perform surveys through images has also been 

considered in previous works and applications of civil 

infrastructure inspections [37] [38] [39]. This is due to the 

ability of drones to cover a large area without having to 

interact directly with the physical elements of the 

pavement structure [40]. Additionally, through the use of 

drones, offered in the current market, it is possible to 

acquire images with high resolutions that result in a data 

archive in shorter periods of time and at lower costs than 

traditional approaches, as has been seen in studies on 

pavement structure conditions by [41] [42] [43] [44]. In a 

study by [45], they have unveiled an innovative 

monitoring method where they applied a UAV-based 

digital image acquisition system, with the purpose of 

measuring the surface condition of a paved road with high 
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efficiency data collection. The results have been able to 

provide a 3D model to show clearly the surface 

deteriorations. The accuracy of the UAV was very high, 

up to half a centimeter of ground accuracy in length and 

height measurements. The results have also revealed that 

the monitoring system had a very accurate measurement, 

especially in detecting potholes and cracks in the road 

surface. The advantages of the model were the low cost 

and that it could be used in traffic studies. In Figure-1, a 

deterioration detected in a flexible pavement can be seen. 

 

 
 

Figure-1. Example of a photographic data set obtained 

during a survey of a pavement section. Source: [40]. 

 

Some drone systems that integrate multispectral 

and thermo graphic camera sensors are capable of carrying 

out assessments that account for the condition of the 

pavement in the road network, collecting field data that 

verify the current characteristics of roadways and 

sidewalks, and are able to examine situations where there 

are longitudinal cracks, transverse fissures, potholes 

among others [46] [47]; all from image configuration, 

which offers a less intensive resource compared to the 

traditional one that is performed manually and eventually 

leads to human errors; this new method, much more 

reliable, could constitute a database for future work and 

comparisons that may be required. [48] Developed a 

UAV-based system to collect high-resolution 3D 

photogrammetric images of unpaved road surface 

deterioration. Other studies have focused on the detection 

of surface cracks in pavement structures using image 

processing [49][50][51]. Although UAV systems do not 

offer the same territorial coverage as satellites, they have 

been able to provide spatial and temporal resolution that 

other systems do not possess [52] [53]. In this study [54], 

it was investigated the possibility of using different 

methodologies for the automatic detection of the pattern of 

an articulated pavement based on UAV photogrammetric 

and the possibility of inserting them in an urban pavement 

management system, for the automatic detection two 

approaches were used: supervised classification using 

Semiautomatic Classification Plugin (SCP) and 

Convolutional Neural Network (CNN), with images 

obtained with RGP sensors, being the SCP the ones that 

yielded the best results. Figure-2 shows the deteriorations 

in the image taken with an RGB sensor on an articulated 

pavement. 

 

 
 

Figure-2. Image captured with an RGB sensor on an 

articulated pavement. Source: [54]. 

 

From the economic perspective, it can be 

mentioned that the use of drones requires a significant 

investment to purchase. An UAV with at least one RGB 

camera with a resolution of approximately 0.1 cm/pixel, a 

trained pilot for flight management and software with a 

high post-processing capacity [55] [31]. The initial 

investment for the acquisition of an UAV is compensated 

by the number of flights that can be performed, which 

increases the frequency of the data sets obtained, and a 

higher spatial and radiometric resolution compared to 

other systems [55] [56]. 

The use of this equipment makes possible the 

work of recognition of objects and phenomena that could 

be present in a pavement [57], thanks to the high and good 

resolution that their images have reached, allowing to 

visualize in detail specific points that require attention in 

favor of the solution of the problems, highlighting that day 

by day work continues in the introduction of 

improvements to this tool that has been gradually 

incorporated, by different organizations and entities, to the 

work of pavement evaluation. Drones oriented to 

Geomatics are usually equipped with non-metric digital 

cameras that represent a lower acquisition cost; however, 

other remote sensors such as thermovisors, LIDAR and 

infrared sensors have recently started to be implemented in 

drone platforms, increasing the geospatial information 

captured through the mentioned technology [58]. 

Current drones have advanced remote systems 

such as infrared and multispectral thermography, these 

sensors work in conjunction with on-site systems and 

other technological tools such as the Global Positioning 

System (GPS) and satellite imagery [59]. Together these 

tools have made it possible to track and analyze conditions 

in detail and identify potential failures, reducing the 

duration of the decision-making process. 

In addition to the advantages mentioned above, 

there is another one that is relevant, and that is that the 

collection of data taken with this equipment is highly 

reliable with reference to traditional methods of visual 

inspection of pavements. Thanks to the innovations and 

improvements that have been achieved in recent times for 

this tool, thus contributing to the analysis and timely 

decision making, to provide immediate responses to 

phenomena or dangerous situations that could generate 

major emergencies, such as a failure that causes 
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subsidence or landslides that could end up claiming the 

lives of those who travel on these roads. [53] mention that 

UAV systems also have other advantages: (1) the 

possibility of collecting easily deployable data in real time 

(excluding post-processing); (2) they can be used to 

inspect areas with high level of danger and/or difficult 

access; (3) they allow operators to collect data even in 

unfavorable weather conditions, such as on very cloudy or 

foggy days, where satellite detection systems fail or 

produce very disturbed data sets. 

On the other hand, it is important to highlight the 

fact that these small devices allow making revisions or 

evaluations in areas of difficult access, where they 

generally represent a risk for the personnel, a situation that 

represents this inconvenience could occur on a bridge, as 

evidenced in the study [60], where it is complex to 

perform visual inspections of the surface of the pavement 

structure and its components; with this tool the risk 

disappears, since while the overflights of the Drones, and 

their powerful photography equipment allow the taking of 

information pointing out the elements of interest, in order 

to identify if there are damages in the structure. 

The tasks of surveillance and control [61] [62], to 

the behavior of pavements, with this technology is taken to 

a plane of maximization where it is possible to observe 

from a privileged perspective the phenomena and changes 

that could occur in small or large spaces, allowing to keep 

records and compare their evolution over time without 

compromising the integrity of the structures, thanks to the 

accurate and effective information that is obtained from 

these tools. 

One of the main objectives of the evaluation of 

pavements through this new methodology is the 

optimization of the road network, which is achieved 

thanks to the functionality that these equipments have by 

being able to integrate the collection of diverse 

information and unify it easily through appropriate 

software for this purpose. This eliminates the tedious task 

of taking traditional photographic records and their 

subsequent referencing, which could take months for a 

stretch of considerable length, and also speeds up the work 

of the personnel, who rigorously examine the pavement to 

find possible damage that could compromise the proper 

functioning of these elements, a task that can also take 

quite a long time. 

 

4. CONCLUSIONS 

One aspect to take into account after glimpsing 

the great advantages and versatility of these technologies 

is the great importance of having an operator with 

sufficient knowledge and training to be able to handle and 

maneuver the drones correctly. It is absolutely necessary 

that the personnel employed in these tasks have a good 

level of training, firstly to protect the work equipment and 

secondly so that the inspector has full knowledge of the 

parameters to follow and the information required, 

ensuring a post-processing with high quality results, 

allowing an objective analysis. 

In general, properly constructed infrastructure, 

under the corresponding standards and specifications, 

whether national or international, leads to pavement 

structures with excellent finishes and functional and 

structural requirements suitable for an appropriate service 

life; however, their maintenance will depend on 

guaranteeing a useful life without compromising the 

quality and level of service, ensuring the safety of users 

and reducing the operational costs of vehicles. 

It can be concluded that the incorporation of these 

technological tools within pavement evaluation will lead 

to address limits until recently unknown and little possible, 

without leaving aside the concept and the fundamental 

opinion of specialists, but now assisted by the available 

technological tools capable of showing a complementary 

perspective to that of the human eye, reducing analysis 

and evaluation times, and providing the possibility of 

having a visual overview as relevant as necessary. 

Although the initial investment to include this 

technology in pavement evaluation seems to have a high 

value, it should be taken into account that maintenance 

costs are reduced, since corrective actions could be taken 

in a timely manner, and in addition to this, the quality of 

the data and the agility with which they are obtained 

would be improved, allowing the intervention in a greater 

number of areas, with fewer personnel and the almost 

complete reduction of the risk to which the inspectors in 

charge of performing the evaluation have been exposed, in 

terms of occupational safety. 
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