
An Acad Bras Cienc (2021) 93(3): e20191416 DOI 10.1590/0001-3765202120191416
Anais da Academia Brasileira de Ciências  |  Annals of the Brazilian Academy of Sciences
Printed ISSN 0001-3765 I Online ISSN 1678-2690
www.scielo.br/aabc  |  www.fb.com/aabcjournal

An Acad Bras Cienc (2021) 93(3)

Running title: SEMI-AUTOMATIC 
PHOTO INTERPRATATION WITH 
UAV

Academy Section: GEOSCIENCES

e20191416

93 
(3)
93(3)

DOI
10.1590/0001-3765202120191416

 GEOSCIENCES

High-resolution semi-automatic mapping 
based on an Unmanned Aerial Vehicle 
(UAV) to capture geological structures 

JULIO A. MOREIRA, FABRICIA B. DE OLIVEIRA, CARLOS H.R. DE OLIVEIRA, ALVARO 
C. FIGUEIREDO, MAURO C.L.  FILHO & EDUARDO B. DUARTE

 Abstract: Due to the recent technological progress, Unmanned Aerial Vehicles (UAV), 
is an alternative for the high-resolution imaging of the terrestrial surface, helping 
map lineaments, essential structures on the stage of geological mapping. Therefore, 
this research aims to accomplish and to confi rm the effi ciency of the use of UAV high-
resolution imaging for semi-automatic lineament mapping, in a shear zone in Guaçuí/ES. 
Orthomosaic was created from the UAV imaging, in which the LINE algorithm was used 
from Geomath PCI software for the semi-automatic mapping of lineaments. In addition, 
a manual lineament mapping was performed on the orthomosaic for comparison 
purposes, and a shaded relief image was made up of Azimuth 135° and Elevation 45°, 
from the SRTM data, followed by manual lineament mapping for a regional vision of the 
studied area. On the semi-automatic and manual extraction on the orthomosaic and 
shaded relief image, 61.30%, 61.63%, 57.38% of the lineaments, respectively, have NW-SE 
direction, showing a really strong correlation. Therefore, the semi-automatic mapping is 
extremely effective in terms of structural trends acquisition and can provide fi ne-scale 
data for the assessment of inaccessible areas.

 Key words: geological mapping, geotechnologies, structural geology, remote sensing.

INTRODUCTION

The knowledge of brittle geological structure, like 
faults and fractures represented by lineaments, 
is extremely important from scientific and 
economic point of view, including geological 
mapping, mineral exploration, aquifers viability 
and identifi cation of tectonic events (Silva et al. 
2016, Aretouyap et al. 2020).    

According to CPRM (2017), lineament is 
an isolated feature or a set of topographic 
features, with tonality variation of an image 
or of a topographic map, that presents itself 
as an alignment and refl ects elements of the 
geological structure, such as faults, fractures, 
direction of layers and belt of shearing. The 
precision of identification and interpretation 

of these lineaments depends on the image 
quality that is to be interpreted. Orthomosaics 
and digital models of elevation are supplies 
normally used on photo interpretation (Raj et 
al. 2017, Das et al. 2018, Sharifi  et al. 2018, Javhar 
et al. 2019).

Considering the recent technological 
progress, Unmanned Aerial Vehicles (UAVs), is an 
alternative on the acquisition of the terrestrial 
surface images, presenting major benefits 
when compared to other methods, like lower 
cost, higher ease of operation and mostly the 
possibility of generating high resolution images 
in real time (Crommelinck et al. 2016, Dong et al. 
2020, Karantanellis et al. 2020).
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The photogrammetry is a technique that 
captures information of a particular object from 
two or more photographs taken in different 
angles. Structure from Motion (SfM) is a 
photogrammetric technique in which orientation 
and position of the camera is automatically 
corrected using overlapped images (Jiang et al. 
2020). Points of spatial reference on the different 
images that correspond to real objects of the 
landscape are matched (matching) to build 
clouds with points in three dimensions (3D), and 
from these clouds they generate surface models 
and orthomosaics or textured surfaces (Snavely 
et al. 2007, Vasuki et al. 2014).

Studies using photogrammetric and remote 
sense data have been used to automatically map 
and measure geological structures. Conceição 
& Silva (2013) conducted a study that tested 
the application of images from satellites and 
of digital models of elevation on the automatic 
lineaments identification, obtaining consistent 
results. Vasuki et al. (2014), from high spatial 
resolution pictures (1 pixel ≈ 1 cm²), captured by 
UAV, generated a map of geological structures 
and calculated its respective orientations using 
a semi-automatic method, achieving a maximum 
error of 4.4° when compared to the field data 
collected.

The visual interpretation of lineaments is 
subjective and demands a lot of time from a 
specialist, which shows that the major benefits 
of automatic or semi-automatic lineament 
detection methods are speed and reproducibility 
(Zhao et al. 2018, Soliman & Han 2019). However, 
automatic methods often identify lineaments 
that are not related to geological structures, like 
roads and fences. Thus, the automatic methods 
significantly identify more lineaments than the 
study area actually presents. Another limitation 
is that a single structure can be identified as a 
series of segments. Therefore, these limitations 
reveal that to create a good structural map it is 

necessary some level of interaction by the user 
(Sarp 2005, Abdullah et al. 2013).

The study area is located in the south 
region of the state of Espírito Santo, in the city 
of Guaçuí, which was chosen for having strong 
tectonic influence, in a shear zone. According to 
Arcanjo (2011), these areas develop an infinity 
of fault and fracture plans, presenting usually 
linear strips, being able to reach hundreds of 
meters in several kilometers long. The large 
amount of lineaments contained in a narrow 
linear strip is the main characteristic of the area 
in orbital and aerial images, since it extends 
all 320 km. Guaçuí Shear Zone marks the late 
collisional period of Orógeno Araçuaí and, since 
it is a compression area, several structures 
were formed like fractures and foliation plans 
(Calegari et al. 2016, Gouvêa et al. 2020, Hartwig 
et al. 2020), that can be observed through UAV 
imaging.

Thus, this research aims to accomplish 
and prove the efficiency of semi-automatic 
lineament mapping, from high resolution UAV 
imaging, in a shear zone.

MATERIALS AND METHODS

The methods of this study are summarily 
described on the flowchart of Figure 1.

Phase 1 
High resolution images obtained by the UAV 
Phantom 4 from DJI manufacturer were used 
and their main characteristics are described in 
Table I. Digital model of surface was generated 
from images of the Shuttle Radar Topografic 
Mission (SRTM). The images captured by UAV 
were georeferenced from three control points 
obtained in solo, by means of topographic GPS 
receptor brand Magellan, Promark 3 model, 
which were discharged on GNSS software 
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solutions 3.8 and post-processed by the Precise 
Point Positioning (PPP), supplied by the Brazilian 
Institute of Geography and Statistics (IBGE). The 
SRTM data were obtained at no charge through 
the siege of USGS (2017).

Phase 2

UAV

A selection of photographs was realized, with 
the purpose of reducing possible mistakes 
made during the data processing, images with 
high rotation in relation to the previous and 
with natural lighting problems were eliminated. 
The images were obtained on May 26th of 2017, 
with centimeter spatial resolution on the visible 
spectrum range.

For the digital processing of data obtained 
by UAV it was used the Agisoft Photoscan 1.2.0 
software, where the images alignment was 

executed through the correlation of the properly 
oriented and overlapped images, in which the 
algorithm searches for common points on 
the images and combines them, finding the 
camera position in each image and refining 
its calibration parameters, generating a sparse 
cloud of points. Afterwards, a 3D polygonal 
mesh with the algorithm of the software called 
“height/ terrain map” was generated, that was 
texturized in order to obtain a better view on 
the digital model of elevation. The orthomosaic 
was generated, corrected from geometric 
deformations. Every stage used quality and 
precision parameters, available on the software, 
considerably increasing its processing time.

SRTM

After the cutting of image regarding the study 
area, it was initiated the processing of SRTM 
data on the software GIPSY 5.4.1 (Georeferenced 

Figure 1. Flowchart of the methodology employed.
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Information Processing System – INPE). The SRTM 
images have spatial resolution of 90 m. From 
the rectangular grid with bicubic interpolation 
generation its resolution refined to 10 m, to 
improve its spatial resolution and then it was 
generated a shaded relief image with azimuth 
of 135°, elevation of 45° and relief exaggeration 
of 6.34.

Phase 3

Semi-automatic extraction of lineaments

The semi-automatic extraction of lineaments 
on the orthomosaic generated by UAV initiated 
on the PCI Geomatica 8.2 software through the 
LINE algorithm, that transforms linear features, 
present on the images, in a vector, in an automatic 
way. As an input, the algorithm needs a singular 
conduit of an image, and therefore Band-1 
(wavelength among 625-740 nm) was used. The 
image was firstly dimensioned to 8-bit using a 
routine of nonlinear dimensioning. The output 
is controlled by the following global parameters: 
Filter Radius (FR), Edge Gradient Threshold (EGT), 
Curve Length Threshold (CLT), Line Fitting Error 
Threshold (LFET), Angular Difference Threshold 
(ADT), Linking Distance Threshold (LDT).

FR relates to the radius of the edge 
detection filter in pixels and defines what 
level the algorithm identifies the information 
as a lineament, having as standard value 
10. EGT defines the level limit of a edge pixel 

minimum gradient with the purpose to obtain 
a binary image, and therefore the pixels above 
the threshold will represent an edge element 
on the binary image, its standard value is 
100. CLT defines the minimum length of curve 
for a determined element to be considered 
a lineament, in pixels, having as a standard 
value 30 pixels. LFET establishes the maximum 
allowed error when overlapping a line on a 
curve, in which lower values promote a better 
setting, although shorter segments on the lines, 
having as standard value 3. ADT specifies a 
maximum angle among segments of a line in 
degrees, in other words, if the angle exceeds 
the established maximum, the line divides itself 
in two or more vectors, in addition, this angle 
also refers to the maximum angle between two 
vectors to be connected, having 30 as a standard 
value. LDT defines a minimum distance between 
the final points of two vectors to be connected, 
in pixels, its standard value is 20.

The values specified in global parameters of 
this work were based on the works of Conceição 
& Silva (2013), Kocal et al. (2004) and Thannoun 
(2013). They were used as a reference to establish 
new values, considering the characteristics of 
the orthomosaic generated by UAV and the 
geology of the imaged area. In Table II are the 
values that the authors mentioned above, and 
the values tested in the present work. Editing 
of some lineaments extracted by the algorithm 
was done and due to that it is a semi-automatic 
extraction.

Table I. Main particularities of UAV Phantom 4 (DJI 2017).

Sensor Lenses Weight Diagonal Size Maximum Flight Time

1/2 ,3” CMOS 
effective pixels: 12,4 

M
FOV 94° 20 mm (35 mm format 
equivalent) f/2,.8, focus at ∞ 1380g 1380g 28min

Subtitles: CMOS = complementary metal-oxide-semiconductor; FOV = Field of view.
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Manual extraction of lineaments

The manual extraction of lineaments on the 
orthomosaic generated by UAV was necessary 
to enable the evaluation of LINE algorithm 
performance. Its main advantage is the greater 
ease in detecting the non-geological lineaments 
with the human eye. The extraction of lineaments 
scale was 1:50, demarking the present fractures 
and faults. 

The manual extraction of the lineaments 
on the SRTM images was due to the fact that 
it enables an analysis not only local from the 
studied area, being able to correlate the present 
regional geological features. Its extraction scale 
was given in the scale of 1:150.000, marking the 
valleys present on the demarcated area.

Exploratory analysis and classification by the 
lineament’s azimuth 

From the automatic extraction of the orthomosaic 
and manually of the two images, its exploratory 
analysis and classification was performed 
according to its azimuth. The exploratory analysis 
was generated on the GIPSY 5.4.1 software from 
the confection of rosettes and histograms. For 
the azimuth classification it was used the Easy 
Calculate tool from ArcGis 10.3 software, in which 
the lineaments were gathered in four azimuthal 

classes: N-S, E-W, NE-SW (includes NNE-SSW and 
ENE-WSW) and NW-SE (includes NNW-SSE and 
WNW-ESSE). Its intervals are indicated on Figure 
2.

RESULTS AND DISCUSSION

It was obtained a sparse cloud with 66,501 
points (Figure 3a) with the alignment process 
of 51 photographs, that were then interpolated 
to obtain a dense cloud with 116,110,416 points 
(Figure 3b), containing higher density of 
information about the imaged area.

The 3D polygonal mesh generated 14,576,549 
triangular faces, distributed in 7,293,000 
vertices (Figure 4). In relation to the veracity 
of representation of the imaged area, strongly 
characterized by the presence of metamorphic 
foliations and prominent fractures/faults, the 
algorithm used by the software has showed 
itself as extremely viable, because it represents 
these structures on the terrain. Afterwards the 
planialtimetric correction of the generated 
products, through the ground control points, it 
was obtained the digital model of elevation - 
DME (Figure 5a) and orthomosaic (Figure 5b).

The automatic extraction on the orthomosaic 
generated by UAV resulted in a total of 19,079 
lineaments (Figure 6). This overly high value is 

Table II. The input parameters used as reference and the one tested in this research.

Parameters
Conceição & Silva

(2013)
Kocal et al.

(2004)
Thannoun

(2013)
Tested in the Work

FR 15 12 5 15

EGT 60 25-60 75 80

CLT 10 20-30 10 20

LFET 5 3 2 15

ADT 15 20 20 45

LDT 30 1 1 5
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Figure 2. Illustration 
of ranges of azimuthal 
classes adopted in this 
research.

explained by the fact that the LINE algorithm 
is based on edge identification, still not having a 
pattern to distinguish linear features associated 
to geological structures from the ones that 
result from the abrupt tonality difference. In 
addition, sometimes, the algorithm separates 
the lineament in several line segments, that 
in truth would be a single one, raising even 
more the amount of extracted lineaments. On 
the manual extraction of lineaments from the 
same orthomosaic, it was generated a total of 
318 lineaments (Figure 7), a lower number that 
can be explained by the fact that the problems 
mentioned above do not happen, although with 
a realization time way higher. On the shaded 
relief image, it was extracted 305 lineaments on 
total (Figure 8).

From the extracted linear features, it was 
generated directional maps of the automatically 
extracted features (Figure 9) and manually 
on the orthomosaic (Figure 10), and manually 

on the shaded relief image (Figure 11). The 
direction NW-SE was dominant, with 61.30% 
(Table III), 61.63% (Table IV) and 57.38% (Table 
V), respectively, followed by the direction NE-SW, 
in every image, revealing the strong correlation 
among all of them, as much locally between 
two tested methods on the orthomosaic, as 
regionally from the data of the shaded relief 
image. The linear features extracted from the 
orthomosaic generated by UAV such as manually 
as automatically, had directions between N20W 
and N40W its lineaments predominance (Figure 
12a, b), different from the regional image in 
which the direction between N50W and N60W 
was the predominant (Figure 12c), still with high 
rate of lineament with direction between N20W 
and N40W.



JULIO A.  MOREIRA et al.	 SEMI-AUTOMATIC PHOTO INTERPRATATION WITH UAV

An Acad Bras Cienc (2021) 93(3)  e20191416  7 | 14 

Figure 5. (a) 
DME and (b) 
Orthomosaic.

Figure 3. (a) Sparse 
cloud of points; (b) 
Dense cloud of points.

Figure 4. 3D polygonal 
mesh (left), in detail (right), 
identifying planes of 
metamorphic foliation and 
fractures. 



JULIO A.  MOREIRA et al.	 SEMI-AUTOMATIC PHOTO INTERPRATATION WITH UAV

An Acad Bras Cienc (2021) 93(3)  e20191416  8 | 14 

Figure 7. 
Orthomosaic 
with the 
manually 
extracted 
lineaments 
(left), and in 
detail (right) 
illustration of a 
single lineament 
(red rectangle), 
not identified in 
segmented way.

Figure 6. 
Orthomosaic with 
the lineaments 
extracted by the 
LINE algorithm 
(left) and in 
detail (right), 
exhibiting a 
single segmented 
lineament (red 
rectangle) in 
several and the 
demarcation 
among tone 
contrasts like 
lineament.
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Figure 9. 
Directional maps 
of linears features 
automatically 
extracted by the 
LINE algorithm.

Figure 8. Shaded relief image with azimuth of 135°/elevation 45°, and its lineaments manually extracted.
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Figure 11. Directional maps of linear features manually extracted in the shaded relief image.

Figure 10. Directional maps of linear features manually extracted on the orthomosaic.
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Table III. Statistical analysis of linear features 
extracted by the LINE algorithm.

Direction Amount Percentage (%)

NW-SE 11,695 61.30

NE-SW 5,599 29.35

N-S 1,106 5.80

E-W 679 3.55

Table IV. Statistical analysis of linear features 
manually extracted manually on the orthomosaic.

Direction Amount Percentage (%)

NW-SE 196 61.63

NE-SW 91 28.62

N-S 8 2.52

E-W 23 7.23

Table V. Statistical analysis of linear features manually 
extracted manually in the shaded relief image.

Direction Amount Percentage (%)

NW-SE 175 57.38

NE-SW 116 38.03

N-S 9 2.95

E-W 5 1.64

explained by the fact that the LINE algorithm is 
based on edge identification, still not having a 
pattern to distinguish linear features associated 
to geological structures from the ones that 
result from the abrupt tonality difference. In 
addition, sometimes, the algorithm separates 
the lineament in several line segments, that 
in truth would be a single one, raising even 
more the amount of extracted lineaments. On 
the manual extraction of lineaments from the 
same orthomosaic, it was generated a total of 
318 lineaments (Figure 7), a lower number that 
can be explained by the fact that the problems 
mentioned above do not happen, although with 
a realization time way higher. On the shaded 
relief image, it was extracted 305 lineaments on 
total (Figure 8).

From the extracted linear features, it was 
generated directional maps of the automatically 
extracted features (Figure 9) and manually 

on the orthomosaic (Figure 10), and manually 
on the shaded relief image (Figure 11). The 
direction NW-SE was dominant, with 61.30% 
(Table III), 61.63% (Table IV) and 57.38% (Table 
V), respectively, followed by the direction NE-SW, 
in every image, revealing the strong correlation 
among all of them, as much locally between 
two tested methods on the orthomosaic, as 
regionally from the data of the shaded relief 
image. The linear features extracted from the 
orthomosaic generated by UAV such as manually 
as automatically, had directions between N20W 
and N40W its lineaments predominance (Figure 
12a, b), different from the regional image in 
which the direction between N50W and N60W 
was the predominant (Figure 12c), still with high 
rate of lineament with direction between N20W 
and N40W.
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CONCLUSIONS

The semi-automatic extraction of lineaments 
through the orthomosaic generated by UAV 
using the LINE algorithm proved to be extremely 
effective on the acquisition of structural trends, 
since there was a difference of only 0.33% on 
the amount of lineaments on the main direction 
(NW-SE), when compared to the lineaments 
manually extracted. In a regional scale, these 
data also substantially correlate when analyzed 

with the shaded relief SRTM image, in which was 
also obtained NW-SE as main direction. 

The method was not effective on the 
quantification of these lineaments, due to 
extracting non geological lineaments and 
divides a singular linear feature in various 
ones. Therefore, it is suggested the use of more 
sophisticated algorithms, like the one tested by 
Vasuki et al. (2014), in which connection routines 
of these segmented lineaments are included in 

Figure 12. Rosette diagrams of absolute frequency of the linear features extracted (a) automatically on the 
orthomosaic generated by UAV; (b) manually on the orthomosaic generated by UAV; (c) manually in the shaded 
relief image.
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its scope. That algorithm is not yet available for 
use.

The fact that the characterization of the 
area structural control had expressively revealed 
itself to NW-SE shows the need for new fields 
of study, since it is not mentioned in literature. 
It can be explained in this work, that since it 
was extracted fractures/ faults from it on the 
orthomosaic generated by UAV and valleys 
on the shaded relief images, that represent 
structures formed in brittle regimes and that 
often do not follow the regional foliation.

The semi-automatic lineament mapping 
and acquisition of its orientation described in 
this research can be extremely useful for the 
structure mapping in areas that are normally 
considered inaccessible, which includes outdoor 
mines, mountains, and mostly landslide risk 
areas, a common problem in Brazil.
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