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ABSTRACT 

One of the latest paradigms of today's interdisciplinary studies in geosciences, consists of 

the implementation of the newest, most accurate, and relevant datasets available, in order 

to emphasize the appearance, causality or effects of different phenomena, which interfere 

with humans. Therefore, there is a permanent strive for data, relevant in geographical 

analysis, which is highly accurate, and also cost-effective. Due to the recent developments 

in UAV technology, and lowering of production costs, drones have been integrated into 

methodological workflows all around the world, in numerous fields, ranging from habitat 

delineation, to geomorphologic mapping. Most such studies use either a digital surface 

model (DSM) or ortophoto imagery generated from drone aerial images. Also, Structure 

From Motion algorithms (SFM) have been highly developed recently, into detecting ever 

more complicated shapes and objects. This means that the drone has turned into an 

indispensable tool for generating base layers used in any GIS-based study, because it 

generates fast, high accuracy, repeatable, on demand data sets. This paper intends to 

reveal a methodological approach towards generating the two, most important raster 

layers for the majority of spatial analyses: the digital surface model/digital elevation 

model, and the ortophoto, respectively. 
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INTRODUCTION 

Research in geosciences is highly dependent on input data, such as spatial data, numerical 

data in table form, graphs or various form of imagery. There are several aspects of data 

parameters, that are extremely relevant in every analysis, which directly determine the 

quality of the final results. Some of the most important data parameters are frequency, 

continuity, size of data sets, resolution, and quality. Depending on the domain of research, 

the data required is slightly different, but it reveals a spatial reality, relevant for the 

specific study. One of the most common issues researchers face is the lack of data, poor 

spatial resolution, or non-synchronous data with the period of time that is relevant for a 

study. During the last years, technology has advanced sufficiently enough, to offer mass-

scale solutions for spatial data collection, starting from world-wide satellite coverage of 
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images in visible and spectral ranges, up to drone-acquired imagery that offer several 

types of useful layers [1], [2].  

The most relevant layers that can be generated from drone platforms are Digital Elevation 

Models (DEMs’), ortophoto images, spectral images, and Light Detection and Ranging 

(LIDAR) data [3-6]. Drones, also named UAVs (Unmanned Aerial Vehicles), vary 

greatly in size and load capacities, the more sophisticated sensors (spectral or LIDAR) 

requiring larger carrying platforms. 

Geographic Information Systems use the drone-derived data layers to analyse natural or 

anthropic processes, or phenomena, in a wide range of fields of interests, such as 

hydrology, geomorphology, risk management, urban planning, civil engineering, search 

and rescue, forestry, biology, archaeology etc. [7-12]. 

Also, there are specific software, oriented towards calibrating, managing, georeferencing 

and transforming drone images into the aforementioned digital elevation models and 

ortophoto layers. These range from open source solutions (Visual SFM, CMVS and 

CMPMVS), up to proprietary software, such as Agisoft Photoscan Professional 

(www.agisoft.com), or Pix4D Mapper (www.pix4d.com). Generally, the paid software 

offers a much more complete solution, and a more user-friendly interface, for 

transforming drone imagery into GIS layers [13], [14]. 

 

METHODS AND WORKFLOW 

There are several stages before, during, and after the data acquisition flights, undergone 

by drone pilots, for recording the aerial images. For the purpose of this study, the 

following methodological discussions concern the generation of digital elevation models 

and ortophoto imagery [15-17]. 

Firstly, the flight plan has to be conceived, with several aspects in mind. The flight route 

has to successfully overlap the images on over a minimum area of interest (usually 60-

80%). The flight area has to be checked for any potential obstacles, and a permit is 

required from local and aeronautical authorities, in order to be in conformity with national 

flight regulations. Also, depending on the study regions’ morphology and local 

particularities, extra images are required to be recorded, for full coverage from all angles 

(mostly for complex object volumetric shapes, such as river dams, irregular buildings, 

landscape forms with underslung elements etc.). 

Secondly, before the image recording flight, high-contrast GPS markers are deployed in 

the field, as close to the study area extremities, as possible, and high precision coordinates 

for each marker are recorded (note: a minimum of 4 markers is mandatory, but 10 or more 

markers are recommended). After a preliminary GPS calibration, the flight itself requires 

a sufficient number of overlapping images, from as many necessary angles, as needed, 

for generating a complete model. 

There are several factors that highly influence the flight and accuracy of the final 

products. Some of the more important are, as follows: 

- Image resolution: the higher the resolution of the aerial images, the more precise the 

accuracy of the final layers will be (a higher resolution is not only useful in generating 

finer detail layers, but also improves the correctness of the results)  

- Camera calibration: refers to the removal of geometric distortions, the drone images 

requiring preprocessing 

- Camera orientation: it is extremely important to guarantee that the UAV camera is 

oriented in the direction of the study area. This issue is especially relevant for 
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completely autonomous flying drones, that need to be given the camera orientation 

input, to assure that the subject area is in frame, during unassisted flights 

- Angle between images: to obtain the best results, each spatial point in the study area 

must be recorded in as many images as possible, for the 3D point cloud algorithm to 

generate valid, accurate results. There are numerous objects that cannot be completely 

described in point clouds, only by combining aerial images taken exactly from vertical 

orientations; they require the drone to fly lower to the ground, while recording images 

from lower angles of the aforementioned particular objects (Fig. 1) 

- Image sufficiency: to reduce error occurrence, a larger number of images is 

recommended to be recorded. Certain drone platforms have a landing gear that 

occasionally interferes with the images that are being recorded (especially under high 

wind speeds, or high drone speeds), which need to be filtered out during the cloud 

generation stages, to avoid artefacts being introduced in the analysis 

- Relative flight altitude: the further away the drone is, in regard to the topography of 

the land, the lower the spatial resolution of the final results. Pixel size is, therefore, 

directly influenced by flight altitude 

- Atmospheric conditions: a number of weather factors influence the process of 

collecting drone images, but also their quality. Light plays the most important role, 

which influences the results. Rich, diffuse light will generate different looking layers, 

compared to sunny conditions. Also, the presence of foggy conditions limits the 

clarity and contrast of the images. From a technical point of view, the presence of rain, 

humidity and wind, induces the highest degree of risk, creating condensation on the 

lens, or the electronic circuits, possibly inducing short circuiting, resulting in potential 

complete malfunction of the drone 

 
Figure 1. Example of different angles in drone-acquired imagery,  

for the same interest area, during a single flight 

As mentioned, following the flight, the images are downloaded, and imported into a 

dedicated image processing software. For the Structure From Motion (SFM) software to 
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correctly tie common points on different aerial images, the first preprocessing step would 

be to correct the entire set of images of geometric distortions. This is usually done, by 

applying a camera/lens profile, that has been precisely factory calculated, in order to 

remove any distortions in the images. 

During the processing stage, there are multiple workflow steps. From one software, to 

another, there are variances and small differences, during this process, but for the purpose 

of conceptual understanding, Agisoft Photoscan Professional will be used as an example, 

to offer a concrete methodological recommendation. 

The calibrated images need to be imported, proceeding with an alignment function, which 

analyses all the images in the data set. The first steps are particularly important, as they 

define the resolution and accuracy of the final 3D model. During this step, the accuracy 

of the alignment can be chosen and key points and tie points limits can be adjusted. While 

it is generally recommended to select high accuracy values, with high input parameters, 

these options can be associated with slow render speeds, or even the possibility of higher 

error occurrence. During this stage, the images are correctly placed in three-dimensional 

space, (Fig. 2), and Structure From Motion algorithms generate points, based on them, in 

order to generate the sparse point cloud. 

 

 
Figure 2. Point cloud generated using Structure From Motion techniques, with the corresponding aerial 

images it was generated from, and their relative position, in three dimensional space. Screen capture of 

Belci dam point cloud, generated in open source software Visual SFM (http://ccwu.me/vsfm/)   

The next step is to build a dens point cloud, in order to increase the magnitude of detail, 

from which a mesh layer can be created. This step is highly important, because the 

resulting Digital Surface Model (DSM), that is recommended to be saved in a TIFF 

elevation format, will be directly dependent to the cloud density of the dense cloud file, 

and its’ corresponding mesh layer. Following this, the mesh and texture layers are 

computed. 

Georeferencing the model is a particularly important stage, due to the future usage in GIS 

software. Its’ importance is given by the fact that low GSD values are irrelevant, if there 

isn’t a precise spatial placement, with correct georeferencing procedures. Classically, the 

georeference stage would consist in associating attributes (geographical coordinate 

points), recorded in the field stage, to the marker locations on the map, through manual 

input in the marker panel after the layer generation process is finished (Fig. 3). 
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Figure 3. Example of georeference point table, as input in Agisoft Photoscan Professional, 

with altitudine values (expressed in meters) 

 The most modern UAV platforms can automatically insert metadata into each 

image that is being recorded during survey flights, consisting in geographical coordinates 

and even flight altitude. This approach is particularly useful in areas where marker 

deployment is extremely difficult, or impossible, and georeferencing can be done 

automatically in the software, without the need of manual input for geographical 

coordinates. Alternatively, georeferencing through correspondence points, taken from 

maps with similar spatial resolutions can be performed, in these situations, when 

coordinate markers cannot be physically deployed. 

 After correctly inserting the georeference, the DSM can be exported, as well as 

the correlated ortophoto file. In multiple use case scenarios, this model is not adequate, 

because it includes the non-topographical elements, such as buildings, or vegetation, but 

there are cases where this is required (studies of forest extent, urban viewshed analysis, 

volumetric calculations etc.) (Fig. 4). 

 

 
Figure 4. Different drone-generated layers, used in GIS analysis: a. An ortophoto image with several, 

different contained elements; b. A Digital Surface Model (DSM) with constructions and vegetation as 

elements with relative elevation values; c. A Digital Terrain Model (DTM), generated by removing all the 

spatial elements from the DSM (such as buildings or trees), except for the topographic surface. This 

spatial example is located in the proximity of the former Belci dam, Tazlau river, Romania, and the layers 

were generated from drone-aquired images, through Structure From Motion (SFM) techniques, in Agisoft 

Photoscan Professional  

Therefore, corrections need to be made, in order to obtain the Digital Terrain Model 

(DTM). There are several methods of approaching this, but the most precise ones involve 

supplementary, in-field measurements, mostly under the trees, where vegetation height is 
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very difficult to be assessed after field stages. This involves recording topography values 

with a theodolite, or a total station, and generating altitude points, in the areas where 

vegetation is abundant. On the workstation, firstly, the surface model undergoes a 

contouring or altitude point extraction process (either way, it is necessary for the resulting 

layers to be vectors with altitude attribute values) at a very high precision (for example, 

contour lines equidistance set to under 1 meter). Next, the regions with non-topographical 

elements are isolated and deleted, so that only the vector elements which depict 

topographical altitude remain. In the newly created hollow regions, the topographic field 

measurements are inserted, and the new model (a DTM) can be interpolated, while 

maintaining a high spatial resolution. 

Using an inverse logic, by isolating vegetation, and integrating solely this layer into a 

different type of analysis, and comparing it to satellite imagery, or topographical data, 

several studies can be performed (tree height morphometry, land cover evolution etc.). 

Also, by analyzing several temporal sets of elevation data, precision morphometric 

studies can be generated, such as landfill waste deposits, construction sites, biomass 

evolution, geomorphological erosion in gullies, or even surface erosion dynamics (where 

the elevation models can be generated to a very high spatial resolution), river 

embankment evolution, river meandering amplitude, sedimentation processes, habitat 

expansion/contraction etc. There are several advantages and disadvantages for using a 

drone for generating DSM, DTM and ortophoto models. 

The main advantages involve the price of data acquisition, which is very reduced, 

considering drone prices have dropped significantly up to present date; the frequency with 

which data can be collected, and elevation models (as well as ortophoto imagery) can be 

created, especially in evolution analyses for fast-paced processes or phenomena (in 

geomorphology, agriculture, hydrology, biology, forestry etc.). This means that the lack 

of daily, under 1-meter resolution satellite images can now be countered with daily, 

weekly, monthly, seasonal or annual GIS layers, with high resolution. Also, the temporal 

advantages for drone generated layers include the possibility to fly and create on-demand 

models, at any time, in unpredictable situations (floods, wildfires, landslides, accidents  

or other risk phenomena). Another benefit of using these type of models is the ability to 

analyze areas which do not offer the possibility for physical presence, the non-invasive 

character of a drone being, in many situations, the only possibility to collect data (in very 

hazardous environments, in strictly protected natural regions, or in unreachable areas). 

Also, the data resolution is extremely high, such models being very suitable for detailed 

studies, which could otherwise not be possible on coarse-resolution satellite images.  

There are drawbacks, as well, but mostly of technical origin, the greatest issue concerning 

the flight autonomy on one battery. The vast majority of drones are currently battery-

powered, and even the most efficient ones only slightly surpass a flight time of 30 

minutes. Until current battery technologies will change, to a more power efficient 

alternative, drones with vertical take-off and landing will only be useful on smaller study 

areas. There are alternatives with remotely operated planes, but the lack of hover 

capabilities make them unusable in certain, low-altitude flight operations. Also, legal 

aspects play an important role, flight authorisations or licenses being required in 

numerous countries. 
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CONCLUSIONS 

The ever increasing research standards of the modern, scientific community faces, 

involves searching for alternative data collection and generation methodologies, which 

comply with high accuracy demands in all fields of geosciences. Despite the complex 

methodological workflows that can be addressed for creating digital surface or terrain 

elevation models, results in numerous fields whose analysis’s are fundamentally based in 

GIS software, have proven to replicate and improve the previously accepted standards, 

such as satellite or ortophoto imagery recorded by using airplanes. 

There are numerous advantages of incorporating drone platforms into scientific research, 

ranging from high resolution for any geospatial application, temporal repeatability at user 

discretion, non-invasive remote operation in difficult to reach study sites, up to reduced 

flight costs and ease of use. Structure From Motion algorithms are used to generate Digital 

Surface Models, from which Digital Terrain Models can be derived, for a wide variety of 

fields of research: hydrology, geomorphology, risk management, urban planning, civil 

engineering, search and rescue, forestry, biology, archaeology, or other natural or 

anthropic processes or phenomena. Therefore, unmanned aerial vehicles have proven to 

be a modern, indispensable tool in generating GIS layers, of great importance, resolution, 

and repeatability, at demand, and with extreme ease. 
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