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Abstract- Infrared thermal photogrammetry is an attractive solution for the diagnosis of photovoltaic systems. Traditional 
systems often require high-end drones and expensive cameras, but more recently, low-cost thermal sensors on board of small-
scale drone platforms suitable for digital photogrammetry have emerged as a promising approach. Nevertheless, studies 
evaluating its effectiveness can barely be found in the literature.  
Unlike many works in the literature that analyze individual images, through digital photogrammetry it is also possible to create 
orthomosaics of complete installations or high-resolution maps of segments that cannot be visualized and analyzed properly with 
single images. 
In this work, a photogrammetric thermal analysis methodology with a small-scale drone and a thermal camera is presented and 
a case of study is analyzed. To validate and quantitatively scale the results, functional tests on the panels were performed and 
temperature measurements with a thermocouple on the panels were carried out. The results from both single images and 
orthomosaics confirm that it is possible to obtain qualitative and quantitative information to detect failures in solar panel 
installations with a low-cost thermal sensor on board of small-scale drone platforms. These results may be useful for defining 
surveillance and maintenance procedures with low-cost equipment in photovoltaic installations, which can help for early 
detection of failures, operation with higher efficiency and to achieve longer lifetimes of the panels. 
 
Keywords Photovoltaic system, Photogrammetric techniques, Infrared thermal imaging, Unmanned aerial vehicle, Solar panel. 

 

1. Introduction 

Steady cost reduction in photovoltaic (PV) solar 
technology has made it possible to significantly increase the 
number of installations worldwide. PV installations with 
hundreds of thousands of PV modules that occupy thousands 
of hectares are not uncommon [1]. In grid-connected solar 
installations, PV modules are connected in series, forming 
strings that are then connected in parallel. In this scenario, a 
fault in a single cell in a PV module affects all the modules 
electrically connected to it. 

In this context, techniques related to the operation and 
maintenance of PV modules acquired greater importance. As 

reported in [2], expert visual inspection and fault analysis in a 
3 MW installation take 60 days. Thus, developing techniques 
that diagnosticate faults efficiently in shorter times becomes a 
necessity. 

Multiple failures can manifest in solar modules, some of 
them are shading and hot spots [3, 4, 5]. Shading exists when 
there are cells of a solar panel that are subjected to less solar 
radiation due to external shadows (see Fig. 1) [6, 7, 8, 9, 10]. 
Hot spots exist when at least one solar cell in an illuminated 
module has a considerably smaller short-circuit current than 
the other cells [11]. All of the above-mentioned faults cause 
an efficiency decrease [12, 5, 13, 14], i.e., they correspond to 
sub-optimal operating conditions.    
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Fig. 1. Example of a solar panel with a partial shadow. 

 

Infrared thermography (IT) is a failure detection 
technique [15], which is based on the analysis of thermal 
images of solar panels [16, 17], it allows the identification of 
temperature gradients or hot spots that can be associated with 
panel failures [16, 18, 19]. This failure detection technique 
does not require contact with the element of interest and 
generates a large amount of qualitative and quantitative 
information for each image; this allows the estimation of the 
temperature of each pixel in the thermogram [11]. Fig. 2 
shows a fault detected in a solar panel by a thermogram taken 
with a drone. 

 

 
Fig. 2. Solar panel thermogram showing a fault (hot 

spot), taken with a drone. 

 

The correct application of IT can be complex, especially 
in the large areas of solar farms with thousands of PV panels. 
Because the solar panels are oriented upwards and sometimes 
on roofs, it is often necessary to make the inspections from 
high points. Unmanned aerial systems (UAS), also known as 

drones, with onboard thermal cameras, are therefore a useful 
tool for this task; they enable inspections from the air and 
through digital photogrammetry techniques it is possible to 
detect failures in an agile way [11, 20]. Fig. 2 shows an 
example of a thermogram taken with a drone.  

Due to the variety of failures and a large number of solar 
panels that can be involved in an inspection, the capabilities 
of the drones and the requirements for IT analysis demand a 
systematic engineering planning for each mission that include 
both photogrammetry and individual thermograms [21, 11]. 

This article demonstrates that it is possible to detect 
failures in solar panels with low-cost drones and thermal 
cameras, both through individual image and orthomosaic 
analysis, applying procedures similar to those available in the 
literature that had been validated with high-end equipment. 
This work provides an approach that might contribute making 
decisions in the maintenance management of photovoltaic 
systems.  

The article is structured as follows: Section 2 discusses 
briefly previous works and the tools and methods applied, 
section 3 addresses the configuration of the experiment, and 
section 4 shows the results with their respective analysis. 
Section 5 gathers the main conclusions and perspectives for 
further work. 

 

2. Photovoltaic fault detection and infrared thermal 
photogrammetry 

Two main aspects of fault detection are considered in this 
work: the presence of hot spots and partial shading. After 
discussing briefly both cases, the basics for their assessment 
through UAS imagery and photogrammetry are discussed in 
this section.  

2.1. Thermal imaging characterization of solar panels with 
hot spots 

In a solar panel, multiple failures manifest as hot spots, 
i.e., small surfaces in a PV cell that exhibit an anomalously 
high temperature with respect to the neighbouring areas. For 
example, in [22], the following thermal gradients have been 
related with faults: a) poor thermal conductivity of the cell's 
encapsulation material reached 100 °C, b) a micro defect in 
the cell reached 71.3 °C and c) deformations in resins with a 
temperature of 136.1 °C. In [11],  hot spots were detected due 
to: cell breaks, false contacts, defective welds, and inactive 
modules due to bypass diode failures [11].  

A hot spot varies in size depending on the type of fault, 
for example, we can find faults that cover a set of cells (open 
circuit [11]) or a fraction of the cell (microdefect  [22]). Thus, 
the size of the fault is a parameter that determines the spatial 
resolution required for the images taken in a drone mission, a 
parameter known as ground sampling distance (GSD). The 
temperature variation due to a hot spot is also an indicator of 
the severity of the fault, where less than 10° is considered 
within the normal operation tolerance [23, 15]; however, at 
lower irradiance, the temperature variation of a fault will 
decrease [24]. 
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2.2. Characterization of panel thermograms with partial 
shading  

The region of a solar panel that is found to have lower 
radiation levels, i.e., it is partially shaded, will experience a 
higher temperature [21, 25]. This type of hot spot can range 
from a fraction of a cell (e.g., bird droppings) [11] to multiple 
cells (e.g., the shadow of an object close to the panel) [21]. 
According to tests carried out by [26, 27], there may also be 
cases in which a shadow that covers several cells of the panel, 
not all or only one, will experience heating. The temperature 
variation in tests made by [27] with partial shadows was 
between 10 °C - 20 °C, however, smaller temperature 
variations were also found. 

2.3. Digital photogrammetry 

Panel faults can be of different sizes and must be detected 
most of the time over large installations, which imply that a 
large number of images with good resolution are required. 
Since from many single images it might be difficult to identify 
the exact position of the fault, digital photogrammetric 
techniques can be used for the creation of orthomosaic views 
of the complete area with georeferencing, thermogram raster 
and three-dimensional (3D) or 2.5 D profiles of the installation 
from a set of 2D images. 

To apply this technique, images should be taken along a 
predefined flight route that covers the area under study and 
provides enough lateral and frontal overlap among images (of 
at least 60%). The data set is then processed to find 
coincidence points among images in order to align them, as 
depicted in Fig. 3. From this step, the matched points are used 
to project the model in a 3D space in the form of a sparse point 
cloud. This cloud is refined to create the dense point cloud 
from which diverse photogrammetric products such as 
orthomosaics or digital elevation models.  

The flow used in this work is based on the well know SIFT 
and SfM algorithms, implemented in the commercial software 
tool called Agisoft Metashape, which is the same described in 
[28, 29]. 

2.4. Considerations for implementing photogrammetric 
surveys 

In our approach, it is assumed that the thermal camera 
uses an uncooled microbolometer sensor (UMS) that measures 
infrared radiation and thus estimates the temperature of the 
object [21]. This means that the camera does not perform a 
direct measurement of temperature and therefore the acquired 
images require interpretation. 

The measurement should be made at a time with sufficient 
irradiance to allow the capture of thermal contrasts, with a 
correct angle and without wind currents that generate 
convection cooling [21], constant sunlight conditions with a 
clear sky are also desirable so that solar panels in good 
conditions have a homogeneous thermal distribution [11]. In 
[21], it is recommended to have an irradiance between 500 
W/m2 and 700 W/m2 and to capture the images with an angle 
between 5° and 60° with respect to the perpendicular of the 

 
Fig. 3. Illustration of a photogrammetric survey and 

aligned post-processed images to construct the point clouds. 

 

 
Fig. 4. Recommended orientation of the thermal camera 

with respect to the panel position. 

 

panel (see Fig. 4). In [15] they indicate that the irradiance 
should be greater than 700 W/m2 with an angle between 0° - 
30° from the perpendicular direction. Also, the drone can 
create a partial shadow, so it is recommended to take the 
measurements in the morning or the afternoon, when the 
shadow is no projected on the capture footprint [21]. 

The height is determined from the required spatial 
resolution or GSD; according to [30], 15 cm/px are required 
for quick inspections at panel string level, 5.5 cm/px for 
annual preventive inspections and 3.0 ± 0.5 cm/px for deep 
inspections, which, according to IEC TS 62446-3, can detect 
dirt and white spots at cell level [21]. 

It is recommended that thermal images are captured with 
georeferenced metadata (GPS coordinates) that facilitates 
their photogrammetric processing  [21]. In the case of using 
ground control points for precise georeferencing, it is 
recommended to use aluminum markers, because in the 
thermogram they are observed in black color due to their low 
emissivity [21]. This represents an additional cost in material 
and time, however, in large facilities where the missions will 
be repeated and compared many times, this cost is justified 
[21]. 

According to [31], the camera's emissivity should be set 
to 0.90 for crystalline cells, and [15] recommends 0.85.  

Concerning the flight speed, it should be low to avoid 
blurry images. In [32], good results were obtained at 1.0 m/s, 
in comparison to other experiments with higher speeds in the 
generation of RGB orthophotos. Of course, flight times must 
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be adjusted accordingly to the autonomy of the drone and area 
to be covered. 

 

3. Case Study  

A DJI Phantom 4 UAS with a FLIR Thermal camera was 
used to inspect a photovoltaic installation in operation, using 
the photogrammetric approach described in section 2. This 
section describes the site, the flight missions, and 
configuration settings used. 

3.1. PV station analyzed. 

The Tecnológico de Costa Rica (TEC) has in its campuses 
in Costa Rica PV installations with about 1,200 panels that are 
managed by the Laboratory of Electronic Systems for 
Sustainability (SESLAB); the energy generated is distributed 
to different facilities in the campuses [33]. For this article, the 
19.4 kW PV station located in Santa Clara, San Carlos, was 
taken as the evaluation site (see Fig. 5), which has the 
following characteristics: 

1) Configuration: 72 panels distributed in 6 strings of 12 
panels in series (see Fig. 6), with 3 monocrystalline and 3 
polycrystalline strings. 

2) Dimensions: The panels are 1650 mm x 992 mm and 
the strings are 4.95 m x 3.97 m. 

3) Geolocation WGS-84: 10.361085, -84.509056. 

An RGB picture taken with the drone is shown in Fig. 6. 

 

 
Fig. 5. Aerial photograph of TEC's photovoltaic station 

(identified in red) located in San Carlos. Source: Google 
Maps. 

 
Fig. 6. Aerial photograph of the photovoltaic installation, 

where each string is identified. 

3.2. Description of the UAV and thermal camera. 

A commercial Phantom 4 Pro multirotor drone was the 
UAS platform, with a thermal camera attached. According to 
the manufacturer, the drone (see Fig. 7) weights 1388 g and a 
flight time of 30 minutes without the thermographic system. 

 

 
Fig. 7. Drone with RGB and thermal camera used in this 

work. 

 

To use the thermal camera with the drone, the following 
components were included: voltage regulator, 7" monitor (to 
view the camera image wirelessly), LIPO 3S battery, remote 
control for the thermal camera gimbal, and the FLIR VUE 
PRO R camera. 

Table 1 shows the specifications of the thermal camera. 
The camera has a fixed focus set by the manufacturer. The 
color palette range is automatically adjusted to improve 
viewing; it cannot be adjusted manually. 
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Table 1. Characteristics of the FLIR VUE PRO R 336 
thermal camera [34, 35]. 

Parameter Value 

HFOV x VFOV 25° x 19° 

Sensor (width x height) 5.764 mm x 4.351 mm 

Focal length 13.00 mm 

Image width x height 336 x 256 

Frequency 9 Hz 

Weight 4 oz 

Accuracy +/- 5°C o 5% from reading 

Spectral band 7.5 µm -13.5 µm 

Size 
57.4 mm x 44,45 mm x 

44,45 mm 

Input voltage 4.8 VDC - 6.0 VDC 

Power dissipation (Peak) 2.1 W (3.9 W) 

Thermal sensitivity 40 mK 

Sensor Uncooled microbolometer 

3.3. Thermal camera setup 

The camera was configured with the FLIR UAS 2 
application. The configuration was done via Bluetooth, 
starting to take pictures before take-off and then turning off 
the Bluetooth to avoid interference with the mission. Table 2 
shows the configured parameters. 

Table 2. Parameters for image capture and 
thermographic analysis 

Parameter Value 

Distance 24 m 

Emissivity 0.9 

Color palette Fusion 

Humidity >60 % 

Reflected temperature 22 °C 

Average Atmospheric 
Temperature 

30 °C  

Interval between 
captures 

1 s 

File extension RJPEG for Still Images / 
Tiff for Orthomosaic 

3.4. Orientation used for the thermal camera. 

To satisfy the premises indicated in section 2.4, the 
inclination of the panels α = 9° must be considered. The 
orientation used with respect to the vertical plane β + α was 
30° (β = 21°) (see Fig. 8). 

 
Fig. 8. Diagram of the orientation of the thermal camera 

relative to the solar panel. 

3.5. Flight Plan. 

The route of the mission was made manually following 
the recommendations in section 2.4. The route used is shown 
in Fig. 9. 

 
Fig. 9. Route employed in the infrared photogrammetry 

mission. 

With Eq. (1) [36], the height to reach an effective GSD of 
3.0 cm/pixel was determined.  

ℎ = (𝑓% ∙ 𝐼𝑚𝑎𝑔𝑒,-./0 ∙ 𝐺𝑆𝐷) (100 ∙ 𝑆7)⁄  ( 1 ) 

where fr is the focal length of the image sensor, Imagewidth 

is the footprint of the image on the panel and Sw is the size of 
the sensor. This was adjusted considering 1.3 m (see Fig. 10) 
of the solar minimum panel height, resulting in a maximum 
flight height (h) of 24 m from the take-off ground level. 

 
Fig. 10. Top and side view diagram of a solar panel 

string. The green line represents the way they are electrically 
interconnected 
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4. Results and discussion 

4.1. Generation of the orthomosaic. 

The mission reported here was performed on November 
9, 2019, with the following considerations: flight height of 
23.7 m, the thermal camera was turned on 60 min before the 
flight to achieve greater stabilization in the temperature of the 
camera, and the images began to be taken at 14:48 h local time 
with 96% battery and ended at 14:57 h with 32% of charge. 
Additional images were taken and the drone landed at 14:59 h 
with 20% of battery charge. 

The weather was partially cloudy with an irradiance of 
523 W/m2, the ambient temperature of the camera was set to 
30 °C, and the drone flight speed was less than 1 m/s. Because 
the mission was manual with low flight speed, the effective 
overlap was greater than required (90%). Images were taken 
every second independently of the drone's operation, 
generating approximately 600 images during the mission. It 
was found that with a mission of 11 min the battery was 
consumed to 20% (remaining charge to switch to the "return 
to home" mode), showing that the autonomy decreases 
considerably from the 30 min indicated by the manufacturer 
under normal conditions (without the additional equipment for 
thermography measurement). For inspections in larger PV 
stations, multiple missions would be required or an alternative 
UAS platform with more flexible payload configuration or 
capacity could be used. 

The data processing was done with Agisoft Metashape 
v1.5.5. Not required photos were manually removed, 
processing 525 images. A raster transformation was made (see 
Fig. 11 for the selected palette) and the processes shown in 
Table 3 were applied. The photogrammetric process allowed 
the generation of the orthomosaic in Fig. 12.  

 

 
Fig. 11. Color palette assigned for raster processing. 
Source: image adapted from Agisoft Metashape. 

 

Table 3. Parameters used for the creation of the 
orthomosaic. 

Procedure Parameters 

Align photos Accuracy: Highest 

Generic preselection 

Apply mask to: key points 

Build dense cloud Quality: High 

Depth filtering: Aggressive 

Calculate point colors 

Build Mesh Source data: Dense cloud 

Surface type: Height field (2.5D) 

Face count: High 

Build Texture Mapping mode: Orthophoto 

Blending mode: Mosaic 

Enable hole filling 

Enable ghosting filter 

Build Tiled Model Source data: Dense Cloud 

Face count: High 

Enable ghosting filter 

Build Orthomosaic Type: Planar 

Projection plane: Top XY 

Surface: Mesh 

Blending mode: Mosaic 

Enable hole filling 

 

 
Fig. 12. Orthomosaic generated from the UAS mission. 

This process was laborious, requiring masks to be placed 
on panel strings 1 and 5 due to variations in the tonality of the 
images by the self-calibration of the camera. A large number 
of images was used concerning the area covered, however, the 
processing time for the orthomosaic was 19 minutes with 11 
seconds using a server with an Intel Xeon CPU X5675@3.07 
GHz, 64 GB of RAM and 4 CUDA GPUs @ 849 MHz with 
4096 MB of RAM; the process is relatively fast due to the low 
resolution of the thermal images in comparison to RGB 
images that usually require several MB per image. 

The orthomosaic generated allowed the apparent 
temperature of the PV installation to be evaluated from a 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
L. Cardinale-Villalobos et al., Vol.10, No.3, September, 2020 

 1160 

qualitative point of view. String 2 was found to have a higher 
temperature than the others. On strings 5 and 6 a cell was 
identified as being hotter than its neighboring cells (see Fig. 
13).  With this, it is shown that the GSD of 3 cm/pixel used is 
sufficient to visualize thermal information at the cell level, 
which meets the requirements, mentioned in 2.4, to detect hot 
spots and partial shadows; however, this will be possible only 
if the orthomosaic has no distortion at the cell level. Regarding 
the heating of string 2, it was later found that the associated 
panels were not in operation due to an undetected failure in 
the main switch; this proved the possibility of detecting 
failures at string level. 

 

 
Fig. 13. Identification of cells with higher temperature 

(indicated in green) in the orthomosaic for string 5 (left) and 
string 6 (right). 

 

The image processing presented difficulties due to the 
variation in the tonality of consecutive images due to 
automatic self-calibration of the camera. Therefore, it is 
important that the environmental conditions during the 
mission do not change considerably to avoid obtain different 
color maps within the images. Although the images could be 
pre-processed to balance the maps, this issue requires further 
analysis in future work. 

4.2. Individual images. 

Since the color map after the photogrammetric process 
might vary from the actual scale associated with certain 
temperature levels, after the general inspection it was required 
to acquire single images at the points where anomalies were 
detected.  

A second mission to collect these additional images was 
performed on October 29, 2019, using the same protocol as for 
the orthomosaic mission; about 57 images were taken during 
the flight, the weather was clear with irradiance between 535 
W/m2 - 633 W/m2, the ambient temperature in the camera was 
set to 30 °C. The image processing was done with the Flir 
Tools application. Forty images were selected, which allowed 

an analysis of the condition of each string. Two of the 
processed images are shown in Fig. 14 and Fig. 15. 

The results of the individual images are in conformity 
with those of the orthomosaic since it was also qualitatively 
identified that strings 5 and 6 have a warmer cell (Fig. 14); the 
quantitative analysis shows that the cells with higher 
temperature have a variation of less than 3 °C from those with 
normal temperature, which is within the expected normal 
operation range. It was also possible to identify the higher 
heating of the entire string 2 with respect to the 3 (Fig. 15). 

 

 
Fig. 14. Thermal image of strings 5 and 6 (from left to 

right). Two cells are displayed with a higher temperature 
which after a quantitative analysis indicates a temperature 

differential of 2.9 °C (left) and 1.1 °C (right). 

 

 
Fig. 15. Thermal image analysis of strings 2 and 3 (from 

left to right) using Flir Tools software 

4.3. Result validation 

To validate the thermography estimations, it is possible to 
perform direct temperature measurements with thermocouples 
[37, 38], keeping in mind that the aim is not to find the same 
temperature measurements, since this would require that the 
measurements be simultaneous to ensure the same 
environmental conditions, however, the temperature 
variations must be consistent. To address this, the following 
procedure was applied between Feb. 27 and March 5, 2020: 

a) In strings 5 and 6, measurements were taken with a 
thermocouple on the back of the hot cell (the cell with the 
highest temperature in the thermogram) and of another cell 
with normal temperature. The results are shown in Table 4. 
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b) An additional thermogram was taken on string 2 (Fig. 
16) after correcting the fault detected in the main switch. In 
this new experiment, a new hot point was found, for which a 
thermocouple temperature measurement was made to validate 
the new thermogram (see Table 5). 

Table 4. Temperature of the hottest cells identified in 
strings 5 and 6. On-site irradiance was between 773 W/m2 

and 830 W/m2. 

String 
Temperature measured with 

thermocouple [C°] 

Hot cell Reference cell Difference 

5 45 38 7 

6 44 41 3 

 

 
Fig. 16. Analysis of the thermograph of string 1 (left) 

and string 2 (right) after repairing the false contact in the 
main switch of string 2. 

Table 5. Hot spot measurements of string 2 by 
thermography and contact measurement. 

Measuring 
mechanism 

Temperature (°C)  

Hot 
cell 

Cold 
Cell 

Difference Irradiance 
(W/m2) 

Thermography 73.6 47.5 26.1 932 

Contact 
measurement 

65 39 26 886 

 

Table 4 shows that the thermocouple measurement in the 
hot cells of strings 5 and 6 have a temperature difference of up 
to 7 °C, in contrast to the thermography where the difference 
was less than 3 °C (Fig. 14). This is to be expected because 
the irradiance was higher during thermocouple measurements, 
which generates more heating in the panels [24]. The results 
are satisfactory, as they agree with the diagnosis that there is 
no failure until a difference of 10 °C is present, as mentioned 
in Section 2.1. 

The thermogram of string 2 after correcting the fault in 
the main switch (Fig. 16) shows a difference of 1.1 °C with 
respect to a neighbouring string, whereas, with the fault 

present, it was 2.3 °C (Fig. 15). This indicates that a small 
temperature increase between strings may indicate a fault, in 
this case, an open circuit. 

The cell with the highest temperature identified in string 
2 shows, both with the thermograph and with the 
thermocouple measurement, a difference in temperature 
higher than 26 °C (see Table 5), which tells that the 
quantitative information of the thermograph allows to 
effectively detect a failure at the cell level. 

4.4. Comparison between orthomosaic and individual images 

It can be stated from the previous evaluation that the 
uncalibrated orthomosaic can provide a general overview of 
the installation, and allows to identify suspicious areas where 
fails might occur. However, this approach in its current form 
does not provide precise quantitative information.  

In contrast, with individual thermograms, it is possible to 
obtain quantitative data but without being able to observe the 
full installation, and this approach can be used as a second pass 
to inspect suspicious areas observed in the orthomosaic.  This 
means that both, the photogrammetric analysis and 
thermogram are required and can be viewed as complementary 
tools to achieve a precise evaluation of a photovoltaic 
installation. 

Although the minimum irradiance conditions indicated in 
section 2.4 were assured, the greater the irradiance present at 
the site, the greater the thermal contrast will be when a failure 
exists [24]; however, this can be a challenge at sites with 
varying climatic conditions, such as this research site. 

 

5. Conclusions 

The results showed that with relatively low-cost 
equipment it is possible to achieve the necessary autonomy 
and precision requirements to detect failures, due to hot spots 
for instance, or inadequate operating conditions such as partial 
shadows in crystalline silicon photovoltaic installations. The 
presented approach is very useful in the management of 
photovoltaic installations, as it may allow extending the life of 
the system, which also can improve the return of investment 
and contribute to sustainable development. 

Using the applied methodology, individual images 
allowed detecting failures with reliable quantitative 
information, although with the difficulty of identifying the 
string of interest and not achieving a vision of the complete 
installation. In contrast, the orthomosaic showed a complete 
picture of the PV installation with a good resolution, enabling 
qualitative analysis that guided the detection of possible 
failures at the cell level, identifying the string of interest 
easily. 

Good correlation of thermograms with respect to 
thermocouples measurements on the panels could be 
observed. This is a useful resource as a complement to the 
general uncalibrated orthomosaic obtained through 
photogrammetry.   
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The qualitative information of the orthomosaic is useful 
but can also lead to false positives, as in the case here that two 
spots on the orthomosaics of strings 5 and 6 were discarded 
after evaluation of the thermogram. The self-calibration of the 
thermal camera made it difficult to generate orthomosaic with 
even color scales, even after giving one hour for stabilization 
of the temperature in the camera.  

The autonomy and stability of the small scale drone used 
are significantly affected by the inclusion of additional 
equipment for thermography; therefore, for larger 
installations, a larger GSD would be necessary or many 
consecutive missions would be required to cover the entire 
area. Other UAS platforms with more flexible management of 
the payload in the same range of price could solve this issue 
for larger installations. 

Future work will address photogrammetric surveying with 
autonomous flight missions, to reduce the number of images 
and consequently the mission execution and data processing 
times. Calibration of the processed orthomosaics, to adjust 
color maps to actual temperature values, is also a topic for 
further investigation. 
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