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Abstract  
 
The present document and project has the purpose of developing a prevention and control 

system against desert locust pests based on UAV (Unmanned Aerial Vehicle) technology. 

 

Locust pests threaten agricultural resources that are the base of human and animal 

subsistence such as crops, grassland or mountains. It is one of the most critical and harmful 

pests since they have the capacity to travel by air up to 150 km per day in addition to crossing 

oceans such as the Atlantic.  

 

The aim of the project is to, starting from satellite images that represent great remote areas 

with difficult access, analyse which are the zones within all the affected countries in which the 

climatic conditions, lands and vegetation are optimal for the appearance of these insects using 

drones. To develop this new procedure, the quality of the data captured has been tested and 

an algorithm has been performed to process it. All the processes involved in the project depend 

on the previous step and therefore a linear organized path has been constructed. To implant 

this new methodology, repeated contact with FAO-UN (Food and Agriculture Organization, 

United Nations) has been established. 

All the resources employed that encompass the development of the platforms at the technical 

and operational level have been provided by the company HEMAV, the operator no1 of drones 

in Spain.  

All the methodology is developed considering the technological limitations of underdeveloped 

countries and taking into account that FAO has established a meeting between their authorities 

and a team of Hemav in Oman to explain the new methodology, capture data and test the 

platforms in the desert.  

Finally, it can be confirmed that after the update of the state of the art and the analysis of 

results there is a considerable leap both at the technological level and at the level of human 

resources in the methods currently used and the proposed solution. A new line of work and 

business is opened to combat locust plagues. 
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Glossary 
 

Acronym Meaning 
AGL Above Ground Level 

AOV Angle of View 

CLCPRO 
Commission for Controlling the Desert Locust in the 

Western Region 

CPU Central Processing Unit 

CRC 
Commission for Controlling the Desert Locust in the 

Central Region 

CSR Corporate Social Responsibility 

DD Decimal Degrees 

DLIS Desert Locust Information Service 

DMS Degrees Minutes Seconds 

EMMC Embedded Multi-Media Controller 

EMS Electromagnetic Spectrum 

EO Earth Observation 

EPO Expanded PolyOlefin 

ESA European Space Agency 

FAO 
Food and Agriculture Organization of the United 

Nations 

GIS Geographic Information System 

GPS Global Positioning System 

GSD Ground Sampling Distance 

ICIPE 
International Centre for Insect Physiology and 

Ecology 

MODIS Moderate Resolution Imaging Spectroradiometer 

NASA National Aeronautics and Space Administration 

NDVI Normalized Difference Vegetation Index 

NIR Near InfraRed 

NLCC National Locust Control Centre 

PAN PhenylAcetoNitrile 

RAM Random Access Memory 

SBC Single Board Computer 

SMELLS Soil Moisture for dEsert Locust earLy Survey 

SMOS Soil Moisture and Ocean Salinity 
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SWAC 
Commission for Controlling the Desert Locust in the 

Southwest Asia 

UAV Unmanned Aerial Vehicle 

UN/ONU United Nations 

USD US Dollars 

WR Western Region 

Terms Meaning 
Airframe The structure of an aircraft 

Bands 
A cohesive mass of hoppers that persists and moves 

as a unit 

Buffer  Temporary holding area for data 

Endurance Permanence, duration 

Meadows Land that is covered or mostly covered with grass 

Nymph Any of various immature insects 

Parenchyma 
A tissue of higher plants that consists of thin-walled 

living photosynthetic or storage cells 

Pheromones 

A chemical substance that is usually produced by an 

animal and serves especially as a stimulus to other 

individuals of the same species 

Reeds 
Any of various tall grasses that grow especially in wet 

areas 

Sentinel 
Satellite mission that provides all-weather, day and 

night radar imaging for land and ocean service 

Shepherds A person who tends sheep, a pastor 

Soil Moisture Ground Humidity 

Swarms 
A large number of animate or inanimate things 

massed together and usually in motion 

Synergy Combined action or operation 

Winglet A nearly vertical airfoil at an airplane's 
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Motivation 

On the one hand, after studying during several years an engineering degree, the possibility of 

performing the final degree work in a real project is especially attractive to be able to learn how 

these are organized in companies. Also, to see if the theoretical and practical knowledge 

obtained during the degree can be applied. 

On the other hand, we have a big interest in drones and UAV technology. We also think it is a 

growing world nowadays, substituting people and other vehicles or machines in certain 

technological applications. 

Hemav Foundation has given us the opportunity to develop the final degree work in a solidary 

international project, in collaboration with United Nations.  Being able to work in it allows us to 

enter the world of work, acquire knowledge about drones and contribute to help to finish with 

hunger in the world while protecting the environment. This social and environmental aspect 

has been essential to opt for this project rather than others where we would have obtained an 

economic benefit.    
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Introduction 

The main objective of this project is to offer a technologically innovative solution to the current 

methods of prevention, detection and control of locust plagues. This document is the 

continuation of years of work and research against the tireless struggle to prevent the spread 

of desert locust to Europe through the use of UAV technology.  

The document is divided into the following chapters: 

Chapter 1 is dedicated to a detailed biological study of the problem, the desert locusts and the 

impact they have the environmental framework to put into context what is the environmental, 

operational and technical problems that have to be faced. The present method is also analysed 

to observe the main aspects that need to be improved.  

 

Chapter 2 comments the architecture of the proposed solution presenting a flux diagram. It 

also includes all the necessary technical material to carry out all phases of the project with 

safety and effectiveness. It details the components fitted in the fixed-wing platform and 

explains which is the optimal pesticide to use in the last phase. 

 

Chapter 3 explains the implementation of the solution in the project; the high remote sensing 

and its limitations, the updates in the extensive study and the advances in the intensive and 

control phase. It details the specific algorithm that has been developed to perform the image 

processing and all the technical aspects to be taken into account to guarantee a good quality 

of the data and a correct processing. 

 

Chapter 4 presents the results obtained when the methodology is tested in realistic conditions 

and comments the efficiency of the methodology used. 

 

Chapter 5 contains the main objectives and planning of the trip to Oman in which all the 

improvements will be tested. 

 

Chapter 6 mentions the cost of the project and compares it with the expenses made in the 

past to stop locusts plagues. This cost is divided in the needed material and personnel.  

 

Chapter 7 explains the conclusions reached throughout the entire project and makes a global 

reflection of how the solution has been designed. It also contains the different aspects learned 

working on a real project in an international field 
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1.  The desert locust problem and the environmental 
framework 

 
1.1. Problem description 
 
The concept of plague is defined as the massive and sudden appearance of living beings of a 

same species that cause serious damage to animal or plant populations. Throughout history, 

humanity has suffered various animal plagues which have caused dramatic scenes around the 

world. 

 

Basically, two types of pests can be distinguished. On the one hand, migratory pests. These 

can cross borders in search of food and suitable places for their reproduction. Locust plagues 

or certain birds of “Quelea” specie are two examples. On the other hand, quarantine plagues, 

which can be introduces into countries in many ways and can be difficult to identify. Fruit flies 

or aphids are some examples. 

 

Undoubtedly, desert locust plagues are the most destructive and dangerous animal plagues 

in history and have threatened agro-pastoral resources for the past 5000 years (Steen R. Joffe, 

1995). Under an environment with favourable conditions, some individuals can multiply 

dramatically by forming swarms1 capable of migrating over great distances. Throughout 

history, they have adapted to arid or desert environments where rain is scarce and irregular 

but, when it occurs, it is usually torrential. Locusts move to areas where it has recently rained 

and where the conditions of sandy and humid soil, vegetation in full growth and lack of natural 

enemies are ideal for their development.  

The Desert Locust distribution area extends from the Atlantic coast of western Africa to the 

Indian sub-continent passing through Middle East. Due to their migratory ability to traverse 

thousands of kilometres in a matter of weeks, desert locust is an international transboundary 

concern with major economic, social and environmental implications. 

 

The 2003-2005 desert locust regional plague required control operations supported both by 

the countries concerned and the international community that treated nearly 13 million 

hectares. The cost of the regional plague was estimated at USD 570 million, equivalent to 170 

                                                        
1 Swarm: A large number of animate or inanimate things massed together and usually in motion 
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years of preventive control (FAO, 2016). Damage to agro-pastoral resources ranged from 30% 

to 100%, depending on type of crop. More than eight million people were directly affected by 

this crisis.  

 

 
Fig. 1.1 Desert locust plague 

 

This demonstrates the relevance and importance of the preventive control strategy and its 

effective implementation by the concerned countries and international partners in order to 

minimize costs as well as economic, social and environmental consequences.  

 

1.1.1. Schistocerca gregaria 

Locusts are members of the grasshopper family Acrididae, which includes most of the short-

horned grasshoppers. Locusts differ from grasshoppers because they have the ability to 

change their behaviour and physiology, in particular their colour and shape (morphology) in 

response to changes in density of individuals.  

Desert locusts are oviparous. The female lays eggs in humid sandy lands among vegetation, 

so that the young locusts find food at birth. The postures consist of groups of between 80 and 

100 eggs and if the humidity and temperature conditions are correct, 10 - 12 days after the 

posture the first insects get out of their eggs. Each female can but a maximum of around 300 

eggs throughout her life.  
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Adult locusts can form swarms which may contain thousands of millions of individuals and 

which behave as a unit. The non-flying nymph2 or hopper stage can form bands. A band is a 

cohesive mass of hoppers that persists and moves as a unit. Desert locusts do not usually fly 

in spite of having wings. It is only when they are grouped in large groups of individuals when 

they release the right pheromones3 to activate the migratory behaviour and a greater growth 

of the wings that allows them to disperse to other territories. A swarm of desert locusts can 

have a size of about 1 200 square kilometres and in less than a square kilometre there can be 

between 40 and 80 millions of locusts. They are completely herbivorous animals. A locust can 

eat every day the equivalent of its weight (about 2 grams) in plants, so a swarm of this size 

could eat 192 millions kilograms of plants a day. 

The biologic characteristics of the locust Schistocerca gregaria are reflected in the following 

figure.  

 

Fig. 1.2 Biologic characteristics 

Locusts have two different states called phases: solitarious and gregarious. When locusts are 

present at low densities, they are in the solitarious phase. As locust numbers increase, they 

cluster into dense groups and they become gregarious (see Fig. 1.3). The transition from the 

                                                        
2 Nymph: Any of various immature insects 
3 Pheromones: A chemical substance that is usually produced by an animal and serves especially as a stimulus 
to other individuals of the same species 
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solitarious phase to the gregarious and vice versa is called the transient phase, and the locusts 

are referred to as transiens. If locusts are on the increase, they are referred to as congregans 

and, if they are on the decrease, they are called dissocians. The general coloration is variable; 

in its solitary phase its brown, yellowish and sometimes greenish with longitudinal bands in the 

anterior part of the body. In their gregarious phase they are pink, turning yellow when they 

reach sexual maturity if they find suitable conditions for their reproduction. Precise thresholds 

at which these changes occur are not established. Three processes are involved in phase 

transformation: concentration, multiplication and gregarization (Bashir, M.O & Hassanali, 

2010). 

 

Fig.1.3 Phases of the desert locust 

To sum up, desert locusts have the ability to change their behaviour, physiology, colour and 

shape in response to a change in density of locusts. At low numbers, locusts behave as 

individuals (solitarious phase); at high numbers, they behave as a single mass (gregarious 

phase).  

Behavioural changes can take place rapidly. At first, in the solitarious phase, the insects repel 

each other, but quickly begin to attract themselves forming groups. This switch from repulsion 

(the solitarious state) to attraction (the gregarious state) only takes approximately one hour. 
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The longer a group is maintained together, the longer it takes to revert this group towards the 

solitary state. It may take several generations to complete the transition from gregarious to 

solitarious behaviour. Females can influence the phase of their offspring by adding a 

gregarizing chemical to the egg if they have recently experienced crowding.  

Morphological changes (changes in colour and shape) take more time. The full gregarious 

colour takes one crowded generation to develop and shape takes two or more days.  

The change in locust colour and shape occurs after the behavioural change. Colour and shape 

are an indication of how desert locusts have been behaving but may not be reliable to guide 

how the locusts will behave in the future. Therefore, behaviour is the best and most useful 

phase characteristic to use in locust control work (Symmons P.M & Cressman, 2001).  

 

Fig. 1.4 Colours of the desert locust 

 

1.1.2. Affected areas 

During periods with no locust activity, known as recessions, desert locusts are usually 

restricted to the semi-arid and arid deserts of Africa, the Near East and South-West Asia that 

receive less than 200 mm of rain annually. This is an area of about 16 million square 

kilometres, consisting of about 30 countries.  

During plagues, desert locusts may spread over an enormous area of some 29 million square 

kilometres, extending over or into parts of 60 countries. This is more than 20% of the total land 

surface of the world.  
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Fig. 1.5 Affected countries 

 

Desert Locusts usually fly with the wind at a speed of about 16 - 19 km/h depending on the 

wind. Swarms can travel about 150 km in a day, staying in the air for long periods of time. For 

example, locusts regularly cross the Red Sea, a distance of 300 km. In the past there have 

been some spectacular and very long distance swarm migrations, for example from North-

West Africa to the British Isles in 1954 and from West Africa to the Caribbean, a distance of 

5,000 km, in 1988.  

There is no evidence that Desert Locust plagues occur after a specific number of years. 

Instead, plagues develop intermittently. So, the lack of predictability due to locust infestations 

occurs irregularly is another problem to face.  

1.1.3. Present problems to face and the role of FAO 

There are many reasons why it is difficult to successfully combat the desert locust. Some of 

these are:  

• The extremely large area (16 - 30 million sq. km) within which locusts can be found.  

• The remoteness and difficult access of such areas.  

• The insecurity or lack of safety (such as land mines) in some areas.  

• The limited resources for locust monitoring and control in some of the affected 

countries. 

• The underdeveloped basic infrastructure (roads, communications, water and food) in 

many countries.  
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• The difficulty in maintaining a sufficient number of trained staff and functioning 

resources during the long periods of recession in which there is little or no locust 

activity.  

• Political relations amongst affected countries.  

To face of these problems, the FAO, a specialized organism of the UN which mainly takes 

charge of international activities with the aim of eradicating the hunger in the world, was 

founded in 1945. One of the mandates is to provide information on the general locust situation 

to all interested countries and to give timely warnings and forecasts to those countries in 

danger of invasion.  

Therefore, FAO operates a centralized desert locust information service within the Locust 

Group at FAO Headquarters, Rome, Italy. All locust affected countries transmit locust data to 

FAO who analyses this information in conjunction with weather, habitat data and satellite 

imagery in order to assess the current locust situation to the affected countries. FAO prepares 

monthly bulletins and periodic updates summarizing the locust situation and forecasting 

migration and breeding on a country by country basis. All locust information is archived at FAO 

Headquarters and some of it is available on the Internet.  

The desert locust distribution area is divided into three regions: Western, Central and Eastern. 

The Western Region (WR) includes countries in West and Northwest Africa. 

FAO has established three regional locust commissions for implementing the preventive 

control of desert locust: the Commission for Controlling the Desert Locust in the Western 

Region (CLCPRO), the Commission for Controlling the Desert Locust in the Central Region 

(CRC), and the Commission for Controlling the Desert Locust in Southwest Asia (SWAC). The 

three commissions provide technical and financial support to implement a preventive control 

strategy that relies on strengthening national capacities in monitoring, control, planning and 

safety. Each commission works closely with its member countries and the FAO’s Desert Locust 

Information Service (DLIS), which monitors the global situation and provides early warnings. 

In this way, countries have a greater ability to undertake a rapid and more effective control 

response. 

 

1.2. Current method 

Once the problem has been analysed, a study about the current solutions and entities involved 

has been done. It is very important to consider the present method to create a new 
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methodology as efficient and realistic as possible. It is wanted to use all the knowledge 

developed during the fight against the pests to design a procedure that has the ability to adapt 

to the current methodologies and that it is sufficiently simple and intuitive to be able to be 

executed by the own people of the affected countries with an adequate time of training. 

Current methodologies and tools are insufficient in determining with any precision the scale of 

a “desert locust problem” that requires prevention and control. The initial efforts to fight the 

locust were mainly curative, they focused on stopping the pest once it had been formed. Over 

time, they realized that it was not the best way to work and the study started going towards 

prevention. 

The detection and control phases of locust pests that are currently carried out by the teams 

assigned by FAO in affected countries lack off the appropriate technological support to 

overcome the difficulties that exist in each of the phases. 

Taking into account the importance of prevention, FAO has structured all the methodology 

based on the behaviour of the insect to be able to predict its future actions. Concerning these 

premises, the current prevention measures are based on identifying the optimal areas for the 

appearance of locust and acting accordingly. The current process consists of 4 phases. 

The following figure summarizes the processes performed. 

 
Fig. 1.6 Current methodology 

 

1.2.1 High level remote sensing 

The first step, after selecting the area or country where it is expected to work, is to make a first 

filtering to find green areas susceptible of locusts breeding. To achieve this, the teams use 
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the help of satellite data. Specifically, the satellite information used is the presence of 

vegetation and the estimated precipitation by using MODIS.  

 

Fig. 1.7 Greenness estimation 

 

Fig. 1.8 Estimated precipitation 

Although satellite-based estimates of rainfall and green vegetation are utilised to reduce and 

prioritize these large and potentially suitable areas, imagery suffer from omission errors (the 

resolution of satellite images is not enough) and are often not available in time. Therefore, the 

data becomes obsolete and useless to reduce and prioritize these large areas. Consequently, 

there is a need to supplement these tools with additional technologies to guide ground teams 

towards green vegetation and locust infestations.  
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1.2.2 Field work 

Once the area of study is quoted, the data collection phase is followed. This phase consists in 

knowing whether green zones determined in phase 1 contain locusts and green vegetation or 

not. In practice, the search is carried out by land teams that are going through the country with 

vehicles and are inspecting all areas. This teams look for vegetation or locusts, and when they 

find some, they apply pesticide. While inspecting, they use the tablet eLocust3. 

 

Fig. 1.9 Land teams 

The eLocust system is the tool used by national survey and control officers in all locust affected 

countries for recording field observations during survey and control operations. eLocust3 is 

based on a hand-held tablet, into which users log details about habitat, vegetation, soil, rainfall, 

locusts, control and safety before transmitting the data in real time by satellite to that country’s 

National Locust Control Centre (NLCC). All frontline countries affected by desert locusts have 

a centralized NLCC, responsible for monitoring their territory. Data from each country is 

collated into a single file and sent by email on a daily basis to the Desert Locust Information 

Service (DLIS) at FAO Headquarters in Rome.  

DLIS maintains a global perspective and keeps countries regularly informed, providing 

assessments, forecasts, updates, alerts and warnings to prevent desert locust outbreaks from 

escalating. At FAO Headquarters, the data are checked and corrected before being imported 

into a custom designed global GIS (geographic information system), called SWARMS.  

Also, help is obtained from shepherds4 in areas that, if they detect a swarm of locusts, they 

should immediately alert the authorities to act accordingly.  

As can be appreciated, this phase is completely inefficient and, above all, very slow to carry 

out. This is where a great possibility of improvement is expected to make this process offer a 

much higher and more organized performance through a robust methodology. 

                                                        
4 Shepherds: A person who tends sheep, a pastor 
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1.2.3 Information processing 

This phase will be carried out from the "National Locust Centre" in each country or zone. After 

obtaining the data from the two previous phases, all the information is taken and an exhaustive 

analysis of the same is carried out. It is finished generating, in a collaborative way with all the 

affected countries, a report that identifies the most critical zones, the prevention of migration 

of locusts and other relevant data from the growth status of the resident locust and of the 

climatic characteristics of each affected area.  

 
Fig. 1.10 Present data processing 

 

This report is called “Desert Locust Bulletin” and it includes all the countries so control tasks 

can be performed. An example of this report can be seen in the Annex. 

Because this phase depends entirely on the data obtained in the previous two, if the data has 

not enough quality or is not sufficient, the results of this phase are absolutely irrelevant and 

the time invested is useless.  
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1.2.4 Control operations 

In order to finish the current process, chemical pesticides are applied to the areas defined in 

the data processing. The current control operations are carried out in two different ways:  

• Extensive spraying can be carried out. The spraying is done with small airplanes or 

trucks. This option is not the most appropriate for precision spraying, as there is no 

adequate fumigation control. Pesticides are wasted and enormous areas can be 

sprayed, which can seriously and unnecessarily affect the environment.   

• The second method is do the control operation in an intensively way, with a survey 

team equipped with fumigator backpacks. The accuracy of the work in this case 

increases notably, and large quantities of pesticides are no longer wasted, but at the 

same time it is transformed into a very slow and difficult operation to carry out in 

extensive areas.  

 

1.3 Objectives of the project 

After studying the current methodologies, it has been assumed that all the techniques have to 

evolve even more in the application of control strategies. The main objectives of this project 

can be defined as:   

• Improve current methodologies and create a solution architecture based on prevention 

as a fundamental priority through UAV technology. This objective can be divided in the 

following tasks:   

o Develop a system to analyse multispectral images to simplify the 

communication with the land teams and to reduce significantly the time of the 

early warnings.  

o Test the system offline and with a big amount of data to simulate in the most 

realistic possible conditions the situations that can be faced in the habitat of the 

desert locust. 

o Find an optimal way to visualize the information obtained in the data processing 

in the eLocust3. 

• Reduce the massive application of chemical pesticides to protect the environment as 

much as possible. 

o Find a pesticide that has less environmental impact. 

o Select with more precision the areas to apply the pesticide.  
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• Make a total update of the proposed methodology based on UAV technology to 

reactivate negotiations with FAO and companies participating in that environment. 

• Test the new methodology in realistic atmospheric conditions, in the natural habitat of 

the desert locusts. 

o Travel to an affected country. 

As a result, the methodology is intended to; be a great contribution to the early detection of 

pests, allow land teams to cover large unsafe and inaccessible areas in a more easy way and 

make more effective, precise and safe for people and environment control operations. The aim 

is to obtain a cost-effective solution that is affordable, accessible and easy-to-use and maintain 

with local resources for the affected countries. 
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2. Technical and operational solution 

2.1. Design of the proposed solution 

The proposed solution maintains the form of the current methodology, but with the introduction 

of UAV robotic technology and a new algorithm for image processing. 

In the proposed solution, the first step is the same; use satellite images to perform the first 

filtering of the areas where locusts can feel more attracted. Soil moisture satellite images are 

considered. These have no omission errors and proceed vegetation, therefore take longer to 

become obsolete. 

Secondly, the extensive study. In it, a fixed wing drone overflies the considered zones in the 

previous step and captures images of the ground with a multispectral sensor installed in it. The 

images of the different spectrums are adjusted so they consider exactly the same area. The 

coordinates of all the images are known during all the process. All these images are processed 

through a new algorithm that differentiates live vegetation from dead vegetation and other 

surfaces and lands. Then, the images with a certain amount of live vegetation are considered 

critical for the appearance of desert locusts and their coordinates are extracted. These results 

are saved, sent and visualised in the eLocust3 tablet. 

In the intensive and control study, two multirotor drones are sent to the areas considered as 

critical in the extensive study. One of the drones detects with precision the exact locations of 

the live vegetation through a visual sensor and the other applies pesticide on them.  

 

Fig 2.1 Proposed solution 

 

 



  Report 

 
 

24 

 

OFFLINE 
 
 
 
 
 
 
 
 
 
 
 
ONLINE 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2.2 Architecture of the proposed solution 

Human assessment 
for operational 

planning 
Soil Moisture analysis Satellite images 

Image 
acquisition 

Data 
adjustment 

Image 
processing 

Decision 
making 

Result 
storage 

Airborne camera Processing Unit 

Result 
Visualization 

1) Rotatory platform 

2) Presence of vegetation 

3) Control operations 

Operational Procedure 

GPS 

Fixed Wing 

Ground Operations 



UAV tech for prevention locust pests   

 
 
   

25 

As can be seen in Fig 2.2, the architecture of the proposed solution is divided in two parts.  

On the one hand, the offline phase which takes place before the ground teams move to the 

areas of interest.  

On the other hand, the online phase which includes since the land teams launch the drone 

until the pesticide is applied to the required areas. Two separate phases can be distinguished 

in this online part. Firstly,  the processes which have been deeply studied and developed in 

this project are painted in blue. The operational procedure, painted in orange, is explained 

theoretically in the report but a practical study has not been carried out. 

 

 

Platforms, sensors and computers used in each of the phases have been defined. The most 

suitable equipment that has been considered among all the material that the company has 

been able to offer. 

 

2.2. Fixed-wing drone 

For the extensive study, the fixed-wing platform HP2 (Fig. 2.3) is the chosen bet to turn it into 

the aircraft that forms the fixed-wing fleet to combat desert locust plagues.  

 

Fig 2.3 Fixed wing platform 
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As can be seen in the image, the HP2 is composed by the fuselage, its two wings with a delta 

configuration, their respective winglets5 and finally the ailerons.  

One of the most important characteristics for which this model has been chosen is due to its 

high airframe6 service life due to wing robustness and maintainability plus its powerful 

propulsion system for steep climbs and high altitude flights.  

Its airframe is made of EPO foam reinforced with a carbon fibre structure. As it has been said 

its robustness in adverse operating conditions such as dust, sand and hard vegetation (reeds7 

or brambles) makes it able to withstand hard hits and land in irregular areas. Therefore, it is 

perfect to operate in the natural habitat of the desert locust. The datasheet of the drone can 

be seen in the Annex. 

Also, the engineering department of Hemav has designed a new light and easy to carry taking 

off methodology for this drone that facilitates the use of the drone in the desert.  

 

Hardware specifications 

Type Fixed wing 

Weight 2.35 kg 

Wingspan 1.5 m 

Dimensions 150 cm x 72 cm x 19 cm 

Propulsion engine Brushless 700W 

Table 1 Specifications of the HP2 fixed wing drone 

Operation specifications 

Endurance8 90 minutes 

Cruise speed 15 m/s 

Take off 

• Type 

• Angle 

 

Bungee 

15 degrees 

Landing Belly landing with parachute 

Table 2 Operations of the HP2 fixed wing drone 

                                                        
5 Winglets: A nearly vertical airfoil at an airplane's 
6 Airframe: The structure of an aircraft 
7 Reeds: Any of various tall grasses that grow especially in wet areas 
8 Endurance: Permanence, duration 
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2.2.1. Pixhawk2  

The Pixhawk2 controller is basically the autopilot. It has algorithms for altitude and position 

and provides guidance algorithms, navigation and control for different types of multirotor 

drones, fixed wing and even rovers. The hardware of Pixhawk2 has a software called 

Dronecode  that controls it and connects with different sensors, telemetry extensions and other 

peripheral accessories. Its datasheet and specifications can be observed in the Annex. 

 

Fig. 2.4 Pixhawk2 controller 

 

 

2.2.2. Communication kit 
 
In this section, all the systems responsible of the communications between the base station 

on ground and the platforms are detailed.  

On the one hand, the radio link to control manually the platform if it the pilot’s intervention was 

necessary is needed. All flights performed with the fixed wing drone in desert locust prevention 

operations are designed to be autonomous. Hemav uses in all the platforms the FrSky 2.4GHz 

ACCST TARANIS X9D PLUS and X8R Combo Digital Radio System1.  
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Fig. 2.5 Communication kit 

 

In the other hand, a basic link of communications is the long range telemetry. This device is 

the responsible of flight data parameters such us speed, altitude, etc. The jD-RF868Plus Long 

range telemetry is used in all the platforms.  

 

 

Fig. 2.6 Long range telemetry 

 

The kit consists of:  

• RFD868-X Radio Modems with enclosures   

• Antennas, 868MHz Quarter wave monopole 2.1dBi  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• 2 x Antennas, 868MHz Half wave dipole 3dBi   

• 1 x USB cable   

• 1 x DF13/GH cable   

 

2.2.3. Visual equipment 

This section includes the visual equipment installed in the HP2. Two possible sensors adapt 

used in the company HEMAV adapt to the project; the MicaSense and the TETRACAM. The 

following table compares de two cameras. 

 MicaSense TETRACAM 

Resolution 1280 x 960 1280 x 1024 

Bands 5 non-configurable (RGB, 
RedEdge, NIR) 

6 configurable (310-
1000nm) 

Weight 150 grams 1000 grams 

Capture rate 1 capture / 1 second 1 capture / 4 seconds 

Price 5250€ 60 000€ 

Table 3 Comparison between MicaSense and TETRACAM 

The camera which has been chosen is the MicaSense RedEdge. This multispectral camera 

has been selected for several reasons. First, it is much more economic. The weight is also 

much lower and therefore the autonomy of the drone increases. Also, the bands that the 

MicaSense gives are the ones desired for the algorithm. It is the used by Hemav in nearly all 

the services offered to its customers engaged in agriculture. This is due to its rugged built-to-

last and one of the most flexible solutions in the market nowadays.  

Due to having 5 sensors which capture 5 spectrums, the images can be used directly in the 

image processing phase to obtain vegetation indexes. 
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Fig. 2.7 MicaSense multispectral camera 

 

The following table summarises the main specifications: 

Weight 150 grams 

Dimensions 12.1 cm x 6.6 cm x 4.6 cm 

Power 5.0 V DC, 4 W nominal 

 

 

Spectral Bands 

Blue (450-515..520 nm) 

Green (515..520-590..600 nm) 

Red ( 600..630-680..690 nm) 

Red Edge (680-730 nm) 

Near-IR (750-900 nm) 

GSD 8.2 cm/pixel (per band) a 120 m AGL  

Capture rate 1 capture per second (all bands) 

Interfaces Serial, 10/100/1000 Ethernet, Wi-Fi, GPS, SDHC 

AOV 47.2º 

Table 4 Specifications of the MicaSense 

The datasheet of the MicaSense camera appears in the Annex. 

2.2.4. ODROID SBC 

The image processing is done in a Single Board Computer (SBC). An SBC is a complete 

computer built on a single circuit board with: 



UAV tech for prevention locust pests   

 
 
   

31 

• Microprocessor: a computer processor that incorporates the functions of a central unit 

on a single and complex integrated circuit (IC). 

• Memory RAM: a form of computer data storage that stores data and machine code 

currently being used. 

• Peripherals: auxiliary and independent elements of a computer connected to the 

microprocessor. They are considered those elements that allow the computer to 

communicate with the outside. 

 

The SBC’s have different advantages and disadvantages compared with the typical 

computers.  The following table shows the most important differences between the SBC’s and 

the PC’s. 

 

ADVANTAGES DISADVANTAGES 

Lighter Less effective 

More economical Less quick 

Smaller Less memory capacity 

Better mobility Fewer functions 

Table 5 Advantages and disadvantages of SBC’s 

 

Taking into account these differences, the purpose of the image processing and the limitations 

of the eLocust3, the use of an SBC is a good option. 

 

The ODROID-XU4, which is the one that has been chosen, is one of the most powerful low-

cost Single Board Computers available, as well as being an extremely versatile device. Some 

of the modern operating systems that run on the ODROID-XU4 are Ubuntu, Android, Fedora, 

ARCH Linux, Debian, and Open ELEC, with thousands of free open-source software packages 

available. For the project these operating systems are sufficient since Ubuntu is a system in 

which python can be easily downloaded. Because of the efficiency of the CPU, the XU4 can 

give great response time that feel just as fast as using a more expensive computer. In addition, 

nearly all of the applications available for the ODROID-XU4 also have their source code 

publicly available, which means that anyone can freely modify and update the applications to 

fit the specific needs.  
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Fig. 2.8 ODROID-XU4 

 

The following table shows the differences between the ODROID XU4 and the RASPBERRY 

PI 3, which was the first candidate to run the image processing. 

 

 RASPBERRY PI 3 ODROID XU4 

Processing power 

BCM2837 + Cortex-

A53(ARMv8) 64-bit 1,2 GHz 

 

Samsung Exynos5422 

CortexTM-A-15 2GHz + 

CortexTM-A7 Octa core 

CPU’s 

 

RAM 1GB LPDDR2 2GB LPDDR3 SDRAM 

Power Source MicroUSB 5.1V / 2.5A Mini Jack 5V/4A 

Networking 

Ethernet, Bluetooth 4.2, 

2,4GHz and 5GHz wireless 

LAN 

Ethernet. Possibility of Wi-

Fi and Bluetooth adapters 

Operating System 

Support 

Raspbian, Android, Ubuntu, 

ChromeOS, RecalBox 

Ubuntu, Arch Linux, 

Debian, Openelec, Android 

OSes 

Storage MicroSD and 4 USB ports 
MicroSD - eMMC module 

5.0 

Price (Only the board) 35$ 74$ 

Table 6 Comparison between ODROID-XU4 and Raspberry Pi3 
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Considering that a large capacity is needed in order to store a big amount of images captured 

by the multispectral camera, that the process time and power is really important, the ODROID 

XU4 is the optimal option. The following picture shows how all the components are distributed 

on the board.  

 

Fig. 2.9 Components of the ODROID-XU4 

 

The following figure represents the fixed wing drone with all the components installed in it. 
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Fig. 2.10 Complete platform 

 

2.3. Rotatory platform 

Two multirotor platforms are used to visualize with precision the vegetation areas and to apply 

pesticide.  

Hemav uses multirotor drones for industrial inspection projects (for instance, inspection of 

electrical towers). Since the application is exactly the same, acquire high quality images, the 

same platform has been chosen to detect green vegetation, the DJI S900. The datasheet of 

the drone can be seen in the Annex. 
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Fig. 2.11 DJI S900 rotational platform 

 

To apply the pesticide, since the fumigation equipment and pesticide are heavy, a drone with 

a high carrying capacity is needed. For this reason, the drone with the greatest carrying 

capacity of the Hemav fleet has been chosen, the DJI S1000. 

 

Fig. 2.12 DJI S1000 rotational platform 

 

2.3.1. Pesticide 

Recent advances in research with biological pesticides, together with better surveillance and 

information, could make the war take a very different turn. These products can greatly reduce 

the use of chemical pesticides and consequently the environmental impact.  
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A promising factor is the research currently being carried out by the International Centre for 

Insect Physiology and Ecology (ICIPE) in Nairobi. A team from this institution, led by an expert 

from Tanzania, Ahmed Hassanali, has identified and synthesized a pheromone named PAN, 

a chemical signal of sexual attraction, specific to locust that can be used against young insects 

with a devastating effect.  

Phenylacetonitrile, or PAN for short, is a pheromone that normally controls the behaviour of 

adult males, who also use it to alert other males to leave them alone during mating. But as 

Hassanali discovered, it has very different effects among young locust specimens, which do 

not yet have wings, such as preventing their development. These are only somewhat less 

voracious than adults, who consume the equivalent of their own weight in food each day.  

In three separate test fields, the last one in Sudan last year, Hassanali's team showed that 

even minimal doses of PAN were able to stop and disperse clouds of young locusts. The PAN 

causes insects to disintegrate and return to solitary behaviour. Disoriented, some of them lose 

their appetite, while others become cannibals and eat their companions. The survivors are 

easy prey for predators.  

It has been observed that locusts produce PAN only when other adult males are close, hiding 

females from their competitors, but not when they group with females. Therefore, the quantity 

of PAN liberated depends on the number of locusts which live together in a swarm. The wings 

and legs have been detected as the main places where PAN is launched. 

The effect of PAN in adult swarms is reflected in Fig 2.13. In the figure, dark locusts represent 

females and white ones males. Males surrounded by a dark circles are producing PAN. The 

males with a black spot want to match with females who already are with other males and as 

can be seen, they can only do it if the other male is not producing PAN. If a male does not 

produce PAN, he cannot avoid attacks from rival males. 
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Fig 2.13 Effect of PAN in adult locusts 

What makes PAN particularly attractive is that it takes only a fraction, usually less than 10 ml 

/ hectare, of the usual amounts of chemical or biological pesticides. This translates into a much 

more contained financial cost: 50 cents per hectare, compared to 12 dollars for chemical 

pesticides or 15 - 20 dollars for bio-pesticides. It is undoubtedly an element of great importance 

for the countries at the forefront of the war against locusts, many of which are among the 

poorest in the world.  
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3. Solution implementation 

The new methodology follows the structure of the solution used nowadays, but UAV 

technology is introduced both for the acquisition of data, as well as the control tasks.  A data 

processing system that allows the analysis of images taken by the aircraft in situ and in a 

limited time has also been developed. The new method is mainly based on 3 parts: high-level 

remote sensing, extensive study and intensive study and control tasks. 

3.1. High-level remote sensing 

As has been previously explained, the current methodology uses satellite data with very low 

efficiency due to the low resolution of the images and the time it takes to have them available. 

To solve this problem, where the use of drones is not possible due to the hundreds of square 

kilometres of surface that would be necessary to fly, a new route has been chosen that uses 

technologies of the NASA and the ESA. It addresses research questions related to locust pests 

that directly affect Africa, Middle East, and Asia. 

This solution is called SMELLS (Soil Moisture for dEsert Locust earLy Survey). It is an ESA -

funded project to develop innovative EO (Earth Observation) products and services in 

response to the requirements of end-user organizations. 

The project focuses on synergy9 between observations of the SMOS and Sentinel10-1 missions 

to obtain soil moisture data. The remote sensing tools developed so far for the preventive 

control of the locust focuses on vegetation levels. To be able to take earlier decisions and to 

send to survey teams, a solution is to have timely information about the soil moisture, which 

precedes the vegetation. In addition, soil moisture is a very good indicator of the potential for 

reproduction of an area, since the locust females need humid grounds to put their eggs. 

SMELLS is a first attempt to include information on soil moisture to the tools of the desert 

locust managers. This project, so far, only gives the service to North Africa. The 

commercialization of these images by any other part of the world is in period of development. 

                                                        
9 Synergy: Combined action or operation 
10 Sentinel: Satellite mission that provides all-weather, day and night radar imaging for land and ocean service 
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Fig. 3.1 Smells project image 

 

This project provides three images per month. Each month is divided in three decades, the 

first two decades have 10 days (i.e., 1-10, 11-20) and the third is composed of the remaining 

days of the month. The typical value of surface soil moisture ranges from 0-0.05 m3 / m3 

(completely dry soil) to 0.5 m3 / m3 (completely wet soil). The relevant ranges for the locusts 

monitoring are between 0.10 and 0.20 m3 · m-3 (M.José Escorihuela, 2018). 

The measurement unit of soil moisture is the “volumetric soil moisture content” which refers to 

the volume of water in a given volume of soil. This type of soil moisture content is measured 

in m3 · m-3 (how much of a cubic metre is water out of the entire cubic metre of soil sample). 

Alternately, the Volumetric Soil Moisture content can be referred to as a % of volume (which 

is much easier). 

3.2. Extensive study 

Once the first phase of high-level detection by satellite is carried out, the second phase of the 

project begins. This study is intended to be simple, effective and capable of covering all the 

demands of the land teams. To perform this study, the land teams are equipped with fixed 

wing drones. Using a software installed on the eLocust3 tablet, the area that must be flown 

over by the aircraft is marked. Next, the drone is launched and it begins to take multispectral 
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images and analyses them during the flight so that when the aircraft lands, most of the images 

are already processed. Once all the images are processed, the information extracted must be 

sent to the eLocust3 tablet so that it can be viewed by the ground teams. 

Therefore, this operation consists of four distinct phases where the performance of each one 

of them is necessary to carry out the following one; the methodology is linear. The parts in 

which the extensive study is based are: 

Data acquisition 

The goal of this phase is to guarantee the quality of the data obtained. To do so, a visual 

calibration of the multi-spectral camera installed in the fixed wing drone has been performed, 

the characteristics of the images to be analysed and the influence of external factors on their 

reliability have been studied. 

Image processing 

This section explains in detail the algorithm that has been developed to filter the images taken 

by the drone, highlighting those that contain areas that are prone to the appearance of locusts 

(they contain vegetative surfaces). It also explains the hardware used and the connections 

needed to process the images during the flight. 

Sending data 

It explains how the results extracted from the image processing are sent to the eLocust3 tablet 

so that ground teams can read and extract conclusive information. 

Data visualization 

It is explained how the results are represented in the eLocust3. 

 

Fig. 3.2 Extensive study process 
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3.2.1. Data acquisition 

3.2.1.1. Dynamic range 
 
Once the camera to use has been decided, the dynamic range of its images has been checked 

in order to ensure the camera saved the images with 16 bits. (as the manufacturer says). Some 

unusual conclusions were extracted looking at the pixel with the highest and lowest value and 

through histograms of images. These conclusions were proved analysing several images of 

different cameras. 

 

 
Fig. 3.3 Dynamic range test image  

 

 
Fig. 3.4 Histogram of dynamic range test image  

 

 
If an image is shot limiting the depth to 8-bit, 256 (28) levels of colour and tone to play with are 

acquired. Raw images saved with 16-bit give 65 536 (216) levels of colour and tone, meaning 
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a lot more latitude for change is achieved. In a dynamic range from 0 to 65 536, the low values 

correspond to dark tones (0 is pure black) and high values indicate clear tonalities (65 536 is 

pure white). 

 

As the histogram reflects, the image associates clear tonalities to the highest values of the 

range of 16-bit, but it does not start at 0. The big amount of white pixels appear in the histogram 

because of the white targets placed in the image. In all images of every camera, the minimum 

value of intensity of pixel is 4096 and the top value is 65 520 and therefore the dynamic range 

is cut. To confirm these extreme values, additional tests were ran. 

 

              
    Fig. 3.5 Clear saturated image             Fig. 3.6 Dark saturated image 

  

Two images were taken, one covering the camera to acquire the darkest possible tone and a 

second one saturating the camera with a bright light. The ultimate values obtained concur with 

the previous ones and therefore it can be said that the dynamic range of the images captured 

by the MicaSense goes from 4096 (darkest tones) to 65 520 (clearest tones).  

 

The value of intensity of pixel is used in the image processing and therefore this inconvenient 

needs to be solved. A data normalization between 4096 and 65 520 has been implemented in 

all the pixels of all the images.  

 
3.2.1.2. Spectral bands 
 
The electromagnetic spectrum (EMS) is the range of frequencies (spectrum) of 

electromagnetic radiation and their respective wavelengths and photon energies. The 

electromagnetic spectrum extends from the low frequencies (extreme of the long wave) to the 

gamma rays (short wave end), which cover wavelengths of between thousands of kilometres 

and the fraction of the size of an atom. The range of frequencies goes from 30 Hz to 1025 Hz. 
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The frequency range is divided in separate bands. Electromagnetic waves can be described 

by any of the following three physical properties: the frequency f, wavelength 𝜆 or photon 

energy E. These three variables are related by equations.  

 

The following figure shows the electromagnetic spectrum. 

 
Fig. 3.7 Electromagnetic spectrum 

 

It is thought that the best method to discern green vegetation from dead vegetation, sand and 

other grounds is through a vegetation index. The one that best fits in this project is the NDVI, 

which considers the Red and NIR spectrum.  

 

The NDVI is the most important and used vegetation index nowadays in precision agriculture, 

to differentiate live vegetation from dead one or other types of ground. The vegetation indexes 

appear in the remote sensing world. This technique consists in capturing images of the ground 

from a certain height in different electromagnetic spectral bands (with a multispectral sensor) 

to subsequently proceed to its processing and interpretation. In the past, this technique was 

only used through satellites, but nowadays, since the use of UAV technology has increased, 

remote sensing is on the rise. 

 

Within the electromagnetic spectrum, to calculate vegetation indexes, the near infrared and 

visible spectrum are used because generally, vegetation responds in a very specific way to 

these ranges, that are useful for knowing their state. 

 

In this case, NDVI is the index used. It is a non-dimensional index (a ratio), between -1 and 1, 

which shows the difference between the reflectance value of the NIR and the Red spectrums 
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to calculate the vigour of a plant in a specific phenological state. It gives values of “intensity of 

greenery” of a plant, its health and vegetative vigour (C.L. Meneses-Tovar, 2011). 

 

𝑁𝐷𝑉𝐼 =
𝜌()*	−	𝜌-./	
𝜌()*	+	𝜌-./	

										(𝐸𝑞	3.1) 

 

 

𝜌8 = 𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑎𝑛𝑐𝑒	𝑖𝑛	𝑡ℎ𝑒	𝑠𝑝𝑒𝑐𝑡𝑟𝑢𝑚	𝑖 

 

Part of sunlight is absorbed by vegetation and another part is reflected. Plants are mostly green 

because of chlorophyll, a natural pigment that reflects the green light. Although green colour 

predominates in plants, there is a reason why the green spectrum does not appear in the 

calculation of the NDVI. In the figure 3.8 the reflectance of a "standard" plant structure at 

different wavelengths can be seen. 

 

 
Fig. 3.8 Reflectance of a regular plant 

 

The difference between the visible and the NIR spectrum demonstrates the great reflectance 

of a healthy plant in the NIR. If humans were able to see this wavelength, plants in full 

vegetative vigour would dazzle. The reflectance of the NIR spectrum is not generated by 

chlorophyll as in the green one, but due to a cellular structure called parenchyma11. The NDVI 

gives a relative value of the gap between the Red (visual) spectrum and the NIR. Following 

this criterion, if the reflectance in these two spectrums is similar, the vegetative vigour of the 

                                                        
11 Parenchyma: A tissue of higher plants that consists of thin-walled living photosynthetic or storage cells 
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plant will be quite poor, but the more these values are differentiated, the health of the plant will 

improve. 

 

 
Fig. 3.9 NDVI in live and dead vegetation 

 

 

The results of the calculation of the NDVI generate values ranging from -1 to 1. The negative 

values correspond mainly to clouds, water and snow. The values near 0 correspond to rocks 

or lands without vegetation. The values under 0.1 are uncultivated areas and sand. Moderate 

values (0.2 to 0.4) represent lands with bushes and meadows12 and finally, high values (from 

0.5) indicate tropical areas and very healthy vegetation. 

 

To verify that this vegetation index is suitable for this project, live and dead vegetation have 

been pictured in the Red and NIR bands and the NDVI image has been extracted. The pixels 

are painted white if the NDVI value is equal or greater than 0.25 (value used in the image 

processing) and black in other case. 

                                                        
12Meadows: Land that is covered or mostly covered with grass 
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Fig. 3.10 Visual image of dead and live vegetation 

 
Fig. 3.11 NDVI binary image of dead and live vegetation 

 

As the binary figure shows, NDVI differentiates live from dead vegetation. 

 

Also, the images will not be taken always at the same time of the day and even if they are, the 

sunlight will vary. Since the vegetation index uses the Red band, a study to test if the NDVI is 

robust to this external factor has been elaborated. To do it, images of a same plant during 

different times of the day have been taken with a tripod and the NDVI values of its pixels have 

been compared. 
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Fig. 3.12 Robustness test 

To compare the NDVI values of the different images it has been decided to divide the diagonal 

of the NDVI image in a rectangles of 120 (960/8) x 160 (1280/8) pixels. Then, the mean of 

pixel value of each rectangle except for the first and last (because the NDVI of only plant wants 

to be observed) has been studied and compared. 

 

 
Fig 3.13 Areas of robustness study 
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 10:30 11:30 12:30 13:30 14:30 15:30 
Mean 2 0.30040 0.29455 0.28518 0.29320 0.30549 0.29721 

Mean 3 0.34556 0.32489 0.35827 0.32675 0.32450 0.37234 

Mean 4 0.32877 0.31094 0.33847 0.32638 0.31755 0.33948 

Mean 5 0.33915 0.34194 0.35982 0.33374 0.34817 0.34159 

Mean 6 0.32334 0.31452 0.33322 0.30827 0.30655 0.32761 

Mean 7 0.30137 0.30376 0.29372 0.28466 0.30213 0.29621 

Table 7 Robustness test 

 

In a certain way, the calculus of the NDVI is already normalizing the data. Also, the aim of the 

algorithm is to develop a rapid and effective classifier that differentiates between live 

vegetation and sand or other grounds. The range or pixel value between both surfaces is 

sufficiently big to consider these changes in the NDVI as negligible. 

 

3.2.1.3. Visual Calibration 
 
Since the images corresponding to the Red and NIR spectrum have to be summed in order to 

acquire the vegetation index, these images have to correspond identically one to the other. 

Normally, all the pictures taken by the drone would be put together as a mosaic forming a huge 

image and a program would automatically associate the images of both spectrums. In this 

case, considering the technological tools, money that can be spent and limited processing 

time, elaborating this mosaic is impossible. Therefore, the data processing has to be done 

image by image. 

 

The multispectral cameras have slight differences in the AOV or focal length between the 

several lens. For the camera used, the manufacturer guarantees and AOV of 47.2º, but 

obviously real angles have more decimal digits. Also, the axis of the several lens are not 

exactly parallels (in X=0 and Y=0 plane). As can be seen in Fig. 3.14, differences in focal 

lengths and axis parallelism cause significant displacements between the Red and NIR 

images. Since each pair of images are analysed one by one, this has to be fixed. 
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Fig. 3.14 Focal length and angle of view 

 

To fix these displacements through a visual calibration, flight tests were done. In these tests, 

two targets were placed in a flat field and were photographed at different heights with a 

multirotor drone. The heights go from 35 metres to 120 metres (legal limit in Spain).  

  

Images taken at less than 35 metres have not been considered because the space between 

the Red and NIR lens becomes significant. This has been deducted comparing the gap 

between the two lens with the dimensions of one pixel. The gap between the two lens is 1.8 

cm. 

 

 
Fig. 3.15 Gap between the Red and NIR lens 

 

To be able to calculate the size of a pixel, the angle of view and aspect ratio of the camera 

need to be known. The aspect ratio is a term used to describe the ration between the width 

and the height of an image. It basically describes how square (1:1) or wide (16:9) an image is. 

It is expressed as width:height (width always comes first). It obviously depends of the camera 



  Report 

 
 

50 

used but all MicaSense have the same one. Some of the most common aspect ratios are 

reflected in Fig. 3.17. 

 

                   
Fig. 3.16 Camera AOV          Fig. 3.17 Typical camera ratios  

     

 

The aspect ratio of the MicaSense is 4:3. Knowing the relation between the two sides of an 

image, the real measures that they represent have been calculated through basic trigonometry. 

 

                                                 
 

 
𝑐
2 = 𝑡𝑔 I

𝛼
2K ∗ ℎ										(𝐸𝑞. 3.2) 

 
𝑐 = 2 ∗ 𝑡𝑔 I

𝛼
2K ∗ ℎ										(𝐸𝑞. 3.3) 
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h = Elevation of the drone when the image is taken. 

c = Real measure that the long side od the image represents. 

Alpha = 47.2. Angle of view of the camera. 

 

Secondly, knowing the resolution of the camera, the size of a pixel has been calculated. Since 

the resolution of the camera is 1280 x 960 (1280·0.75 = 960), the pixels are squared. 

Therefore, the side of a pixel is: 

 

𝑝𝑖𝑥𝑒𝑙	𝑠𝑖𝑑𝑒 = 	
𝑐

1280
=
2 ∗ 𝑡𝑔 I𝛼2K ∗ ℎ

1280
									 (𝐸𝑞. 3.4) 

 

Once the pixel size and the height from which the tests (to acquire the displacement between 

the Red and NIR images) can be done are known, these can be performed. To run them, two 

targets were places in a field and multispectral images of them were captured. Squared targets 

have been used in order to be able to study the rotation in the Z axis. Also, two targets have 

been used to ensure that the shift in different points of the images is the same. 

 

 
Fig. 3.18 Trigger for the visual calibration  

 



  Report 

 
 

52 

Fig. 3.19 Trigger for the visual calibration Fig. 3.20 Drone used for the        

calibration 

 

Knowing the size of a pixel at any height, it has been considered that the separation between 

the lens becomes significant when its smaller  than the side of a pixel. This distance, as said, 

is 1.8 cm and a pixel has a side of 1.8 cm at a height of 26.36 metres. The visual calibration 

starts at 35 metres to ensure that this distance is insignificant. In the project, drones will never 

fly under 35 metres, so the displacement when the gap between lens affects has not been 

calculated.  

 

The first degree of freedom checked is the rotation in the Z axis. 

 

As can be seen in in Fig. 3.21, the sensors of the camera are robust 

to this rotation, and therefore it does not have to be adjusted.  

 

 
Fig. 3.21 Rotation in the Z axis test 
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Secondly, the rotation and parallelism of the axis of the two lends (Red 

and NIR) are checked. 

 

The pixels of displacement is a variable that maintains constant in all 

the elevations (± 1 pixel due to the increase of the pixel real surface). 

This is because the physic shift between the two pictures increases with the height in a linear 

way and, since the resolution of the camera is constant, the real surface that a pixel represents 

increases with the same proportion. 

 

 
Fig. 3.22 Number of pixels of displacement at 37 metres 

 

 
Fig. 3.23 Number of pixels of displacement at 70 metres 
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As can be deducted, the shift is different in every MicaSense camera. Therefore, for each 

camera, a picture should be done at an elevation of minimum 35 metres and look at the pixels 

of displacement, which are constant in all heights. 

 

Moreover, the images do not suffer any type of distortion. There are three known types of 

distortion; barrel, pincushion and moustache. These deform and bend physically straight lines 

and makes them appear curvy in images. Optical distortion occurs as a result of optical design, 

when special lens elements are used to reduce spherical and other aberrations. In short, 

optical distortion is a lens error. 

 

                
Fig. 3.24 Barrel distortion    Fig. 3.25 pincushion                   Fig. 3.26  moustache 

  distortion              distortion        

 

In the calibration images, straight lines are represented in a line of pixels so there is no 

significant distortion.  

 

 
Fig. 3.27 Distortion test 
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3.2.1.4. Capture rate 
 
The MicaSense camera is able to perform a capture rate of 1 capture per second in all bands 

but a slower capture rate is enough in this case. In this project, it has been decided to use the 

standard overlap, which is of a 10%. Since it is a percentage of the dimensions of the image, 

it depends of the height in which the drone is flying. A generic formula has been developed in 

order to know the exact capture rate which is necessary in each height to achieve an overlap 

of at least 10%. Considering that the cruise speed of the HP2 (fixed wing platform) is 15 m/s, 

the capture rate, in seconds, can be expressed as: 

 

 
  

𝐶𝑎𝑝𝑡𝑢𝑟𝑒	𝑟𝑎𝑡𝑒 = 𝑎𝑏𝑠 T
2 ∗ 𝑡𝑔 I𝛼2K ∗ ℎ ∗ 0.75 − 2 ∗ 𝑡𝑔 I

𝛼
2K ∗ ℎ ∗ 0.75 ∗ 0.1

15 W									(𝐸𝑞. 3.5) 

h = Height of the flight 

Alpha = 47.2. Angle of view of the camera. 

 

Using this formula, at an elevation of 120 metres (400 feet), the camera has to capture an 

image in both bands (Red and NIR) every 4 seconds. 

 

3.2.2. Data processing 

The algorithm has the aim to develop a rapid and effective classifier that differentiates between 

live vegetation and dead vegetation or other kind of grounds, to geo-locate those areas where 

locusts are going to appear and reproduce if a pest starts. Python language has been used, 

which can be installed in all operating systems and it is easy to adapt to other languages. 
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3.2.2.1. ODROID connexions 

The previous step before the specific image processing is to ensure that all the images taken 

by the multispectral camera are transferred to the ODROID. In order to send the pictures these 

components are needed: 

 

• SD card for the MicaSense RedEdge. 

• RedEdge Camera with firmware 1.5.10 or above. 

• A storage device that is USB accessible (e.g. flash drive, external hard drive, etc.). 

• RJ45 to DF13 Ethernet Cable that connects the MicaSense with the ODROID.  

There are necessary software prerequisites to do the connection between the camera and the 

ODROID such as python libraries, locating the file path to the expandable storage device 

(connected to the ODROID) and editing some variables on the expandable storage python 

script. When this script is ran on the SBC, the program begins by looking for any previous files 

in any folders (MicaSense standard naming convention) that are contained in the SD card 

inside the camera and writes them in the expandable storage device.  

Once a file has been successfully written to the external storage device, the file is then deleted 

from the camera’s SD card. When no new captures are detected, and any remaining buffered13 

images have been written to external storage, the program waits for new captures to be taken. 

This occurs until new images are detected or until the camera no longer responds. Once the 

camera responds again, the initial steps will be repeated. 

 

Fig. 3.28 Images from the MicaSense to the ODROID 

                                                        
13 Buffered: Temporary holding area for data 
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3.2.2.2. Algorithm 

The code has been developed considering the circumstances in which it will be used. It needs 

to be run in the desert without internet connexion and the most important, the processing time 

has to be sufficiently low to be able to analyse all the images of a flight in situ and during the 

same day of the flight. 

The pair of images (Red and NIR) that enter the computer (ODROID) are saved in a folder 

called “ImagesIn”. Every time a pair of images enters the folder, the algorithm recognises and 

processes them. If another pair of images is being processed at that moment, the new pair 

enters a que and waits until the algorithm is free to process them. To accomplish this, the 

algorithm scans the folder iteratively until all the flight images have been processed. 

        

Fig. 3.29 Red image from the desert        Fig. 3.30 NIR image from the desert 

 

Due to a small difference in the angle of view of both sensors, the two images are slightly 

displaced. Since both images have to be perfectly overlapped for the NDVI calculus, the next 

step is to cut them in the X and Y axis to make them consider exactly the same area. As 

explained, this shift is constant in all heights and depends on the camera. Once the two images 

are cut, they are correctly prepared to calculate the NDVI. 

Then, considering the images as a matrix of pixels where each pixel is represented with a 

certain number of bits (Rafael C. Gonzalez & Richard E. Woods & Steven L. Eddins, 2009), 

the calculus of the vegetation index starts. In this case, as said, the MicaSense camera 

represents the Red and NIR images with 16 bits as a greyscale photo. 
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Fig. 3.31 Image as a matrix of pixels  

 

To calculate the vegetation index of the all the pixels of an image, the pair of images are gone 

through pixel by pixel accessing to their values. First, as explained, a normalization of the pixel 

values between 0 and 1 is done. Then, once the value of a pixel (i, j) of both images in known, 

the formula is applied to obtain the vegetation index value of the pixel. This is done for all the 

pixels of the image obtaining an NDVI image. Using the NDVI value, a binarization is performed 

where: 

• If the NDVI value of the pixel is >= 0.25 the pixel is painted white (“1”) 

• Else; the pixel is painted black (“0”) 

Following the previous example (fig. 3.29 and fig. 3.30) the binary NDVI image looks like: 

 

Fig. 3.32 NDVI binary image  
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The next step is to compare the number of white pixels with the total number of pixel or, what 

is the same, to calculate the percentage of pixels with an NDVI value higher or equal to 0.25. 

To do it, a counter that represents the number of white pixels is started. The variable 

“percentage” is a measurement of the amount of live vegetation in the image. Depending on 

the number of white pixels, the image is considered as critical or not. 

To choose the percentage from which an image is considered susceptible to the appearance 

of locusts two situations are considered. On the one hand, recession seasons, where there is 

little or no locust activity. In these epochs, the percentage of pixels with high NDVI (green 

vegetation) has to be quite large in order to carry out a preventive control, but without wasting 

chemical pesticide. Following this criterion, FAO and Hemav have established a percentage 

of 30%. On the other hand, pest season, where this percentage decreases because locust go 

to every single plant or bush, no matter how small it is. For this situation, FAO and Hemav 

have implanted a percentage of 5%. 

 

A study of the average pixel surface has been made in order to adjust these two percentages. 

Knowing that all the flights will be performed between 50 and 150 metres, due to at 500 feet 

(152.4 metres) the airspace starts and planes can be found flying, a height of 125 metres has 

been chosen as the average.  The central value between 50 and 150 (100) has not been 

chosen because the errors obtained if the considered elevation is 100 when the real height is 

over 100 is more important if it is under 100.  

 

Since the real surface that a pixel represents increases with the elevation of the drone, and 

considering that the null hypothesis, H0
1, is to consider that an image is not critical:  

 

• Supposing the flight is being performed at 100 meters when it is actually being done 

between 50 and 99 would consider some images as critical when they are not. A type 

I error would be committed by rejecting a true null hypothesis (false positive). 

• Supposing the flight is being performed at 100 metres when it is actually being done 

between 101 and 150 would consider some images as not critical when they are. A 

type II error would be committed by failing to reject a false null hypothesis (false 

negative). 
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Null hypothesis 

is TRUE 

Null hypothesis 

is FALSE 

Reject 

null hypothesis 

Type I Error 

(False Positive) 

Correct outcome 

(True Positive) 

Fail to reject 

null hypothesis 

Correct outcome 

(True Negative) 

Type II Error 

(False Negative) 

Table 8 Type I and type II statistic errors 

 

In this case, committing a type II error is much more severe. Therefore, the value that 

corresponds to the third quartile, 125 metres, has been chosen as a reference to adjust the 

percentages.  

 

In the case where the percentage of white pixels does not exceed the established threshold, 

considering whether if the period is recession or plague, the image pair is automatically deleted 

from the "ImagesIn" folder. Otherwise, the pair of images is considered critical. From the pair 

of critical images, the GPS coordinates of the centre of one of the images (it is the same for 

both) is extracted using the Python "Exifread" library, through which the metadata of an image 

can be analysed. This library, shows the image metadata as a python dictionary. In the 

metadata of the image, the GPS coordinates are represented with degrees DMS, and they 

must be converted to DD decimals. These GPS coordinates are copied into a .txt file. This file 

is unique, so it is created with the first critical image and is updated as new images of interest 

appear. 

 

 
Fig. 3.33 .txt coordinates file  

 

As soon as the GPS coordinates of the pair of images are written in the .txt file, these are 

deleted from the "ImagesIn" folder with the intention of freeing space from the ODROID. 

 

An informal high-level description of the operating principals of the algorithm has been done 

through a pseudocode.  
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Table 9 
An Algorithm to classify images through the NDVI  

 
 
 

 
1. As the images enter in pairs (Red and NIR) to the “ImagesIn” folder located in 

the Desktop, the algorithm processes them. If when a pair enters, the algorithm 
is processing another pair of images, this one is queued. 

 
2. The two images are cropped in order to overlap them with precision. 

 
3.  Start two counters b=0 and n=0. 

 
4. The algorithm goes through the two images to access the value of each pixel. 

The pixel value of the Red image is stored as valorv and the pixel value of the 
NIR image as valorn. A normalization of the pixel values between 0 and 1 is 
performed. The pixel values of the two images are added and subtracted and 
stored as valorsuma and valorresta respectively. 
 

5. Calculate the NDVI index of each pixel through valorsuma and valorresta and 
store it as valordiv. 
 

6. Performs a binarization based on the valordiv (NDVI) of each pixel. 
 
If the NDVI value is >= 0.25, then the pixel is painted white and the counter 
b=b+1. 
Else, if the NDVI value is < 0.25, then the pixel is painted black and the counter 
n=n+1. 
 
where b is the number of white pixels, and n is the number of black pixels. 
 

7. Calculate the percentage of white pixels on the NDVI image store it as percent. 
 

8. If percent is >= 5% (pest season) or 30% (recession season), the metadata of 
the image is accessed, and the GPS coordinates from the centre of the image 
are extracted. The coordinates are transformed from DMS to Degrees and 
represented with the format (latitude, longitude). If percent does is not over the 
thresholds, the pair of images are deleted. 

 
9. GPS coordinates are added in a .txt file called “coord.txt”. If the file does not 

exist, it is created, and in the case that it already exists, it is modified. 
 

10. Finally, the pair of critical images is removed, and the following pair is ready to 
enter the code.  
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Fig. 3.34 Scheme of the algorithm 

 

3.2.3. Sending data 

Once all the images are processed and a .txt file is obtained in the ODROID, this file needs to 

be passed to the eLocust3 tablet so the results can be seen by the ground teams. This 

shipment is carried out manually through a micro SD card. The algorithm saves the file in a 

micro SD card previously put in the ODROID and since the tablet has the option of reading 

this type of cards the process is simple.  
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Fig. 3.35 Micro SD slot in the ODROID                Fig. 3.36 Micro SD slot in the eLocust3                 

The only complex part is opening the corresponding part of the drone and get the card carefully 

avoiding the entrance of sand and dirt in the aircraft. 

             

Fig. 3.37 Fixed wing platform with tap                Fig. 3.38 Fixed wing platform without tap 

 

3.2.4. Visualization of the results 

To visualise the conclusions obtained from the image processing in the eLocust3 tablet, three 

options are possible.  

First, maps can be downloaded before the expedition through an app, Google Maps for 

instance, and the several points of the .txt file can be introduced manually one by one in the 

maps. This option has the advantage that it can be done offline and just after the algorithm 
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finishes processing images, but the disadvantage that it can be very slow if the .txt file has a 

lot of coordinates. 

Second, the .txt file with all the coordinated can be loaded directly to a map through an app 

such as Google Earth. The inconvenient of these apps is that they need internet connexion to 

work. This option is closer to the optimal solution because it is much more efficient but having 

to move to a place with Wi-Fi slows down the process.  

Third, even though google earth needs internet connexion to work, a method to visualise the 

maps and coordinates offline has been discovered. This method consists in: 

• Entering Google Earth Pro with internet connexion and deleting the cache memory. 

• Visualize the area of interest manually, zooming the zones. Save this new cache 

memory. 

• Opening Google Earth Pro without connexion and substituting the empty cache 

memory for the one previously saved. 

• Introduce the file with the coordinates so they can be seen in the map. 

This method is even closer to the optimal method but it has the inconvenient that only 2GB of 

cache memory can be saved. Therefore, if more than 2GB of maps are studied in an expedition 

without Wi-Fi, the option one or two have to be used. 

Some coordinates of the .txt file previously presented (fig. 3.33) in the map would look like: 

 

Fig. 3.39 Coordinates reflected in a map 
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3.3. Intensive study and control operations 

In the methodology described, a .txt file is provided to the land teams with the coordinated of 

the images with vegetation. UAV technology through multirotor platforms has also been 

introduced in this phase. To do so, it is considered that this last stage can be divided in two 

phases; precise identification of the vegetation and its fumigation. 

In the first phase, a multirotor drone flies the areas considered as critical in the extensive study 

and through a high definition visual camera identifies the location and size of the vegetation 

inside the critical images. 

In the second phase, using the images with the vegetation perfectly located, a second drone 

performs the fumigation. This phase can be very necessary and used if a plague exists 

(fumigation of the maximum of vegetation is needed) or used selectively in the recession 

epochs.  

Introduction of UAV technology in this last stage reduces drastically the application of pesticide 

in comparison with the planes use nowadays and improves the efficiency, safety and access 

to remote areas in comparison with the fumigation currently used by the land teams. These 

improvements generate a great impact in the reduction of equipment, infrastructure, time and 

money; the fundamental pillars that make a project realistic and possible to be performed or 

not. 

 

The following image summarizes the entire methodology related with UAV technology. 
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Fig. 3.40 Summary of the methodology 

3.4. Future advances 

3.4.1. Extensive study 

3.4.1.1. Sending data 

As said, the easiest way to send a .txt file from the ODROID to the eLocust3 tablet is through 

a micro SD card since both platforms are capable of reading them. A problem can appear if 

wind enters sand or dirt in the fixed wing drone and therefore a possible improvement in this 

phase appears. Some SBC’s have Bluetooth connexion but ODROID-XU4 is not one of them. 

Anyway, a Bluetooth antenna can be easily installed in it and the eLocust3 has Bluetooth 

incorporated. Therefore, through another code, in python for instance, the .txt file could be 

passed from the SBC to the tablet through Bluetooth with no need of opening the drone and 

therefore no risk of sand entering. 

3.4.1.2. Visualization of the results 

The optimal way to visualise the data is being able to have access to all the maps and reflect 

on them a file full of coordinates. To achieve this, the input of an app like google maps, where 

maps can be downloaded and used offline, should be modified and instead of reading the 
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coordinates one by one, the app should have the possibility of reading directly all the 

coordinates from a .txt, .csv or .kml file.  

3.4.2. Intensive study and control operations 

In this last stage, a second algorithm has to be developed to process the critical images and 

detect precisely the location and size (in the X-Y plane) of the vegetation. A possible way to 

achieve this would be through a code that identified the gradients of intensity between pixels 

(between sand and vegetation), so that the output was, for example, a black image where the 

silhouettes of the plants and bushes in blank. This phase needs a deep practical study that 

has not been performed in this report. 

3.4.2.1. Efficiency in fumigation order 

After a flight of a fixed wing drone, some of the coordinated of different images are summed 

up in a .txt file. The ground teams visualize these points in a map and assume the order in 

which these areas have to be treated.  

 

Fig. 3.41 Possible path between points 

The path established may not be the quickest between the points. A possible solution to 

maximise the efficiency minimizing the time spent would be the design of an algorithm in which 

the .txt file with some coordinates would be the input and the quickest path to go through all 

the points was the output, going through each point only once if it is possible.  
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4. Results 

After the performance of a methodology to acquire, process and visualize the data, it has been 

decided to test it. To do it, it has been decided to analyse 500 pair of images (1000 images) 

which hypothetically would correspond to a flight. Considering that the desired overlap is of a 

10%, as previously said, the capture rate at 120 metres would be 4 seconds per image. 

Therefore, analysing 500 pairs of images simulates a flight of 2000 seconds, approximately 33 

minutes. 

The first tested aspect is the processing time, to see if it changes when images are processed 

one after the other. To do so, the code has been modified to print the processing time per pair 

of images. The following histogram represents the processing time. 

 

 
Graph. 1 Processing time 

 

As can be seen, the processing time can be approximated to a normal distribution centred in 

the range [3.649-3.677]. In this time, the computer reads the pair of images from the flash, cuts 

the two images to adjust them, calculates the vegetation index of each pixel, performs the 

binary image and decides if the pair of images are critical or not, extracts the GPS coordinates 

from the metadata and write them in a .txt file. The processing time is very constant and less 

than 4 seconds for all the pair of images. Since the images, at this height, are captured every 

4 seconds and the processing time takes less, images can be analysed at real time and 

therefore, all the images can be processed after the drone lands. The objective was to be able 

to process all the data during the same day of the flight and therefore this objective has been 

fulfilled by far. 
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On the one hand, the efficiency of the code has not been able to quantify because precise 

targets of what the code needed to identify are not available yet. On the other hand, the experts 

of the company, who have been working during years in precision architecture tasks and have 

seen several software guarantee the quality of the algorithm and ensure a minimum efficiency 

of 85%. After the trip to Oman, a numeric value for the efficiency can be acquired. 
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5. Trip to Oman 

From the 19th to the 25th of January, FAO has established a meeting between Hemav and the 

their authorities with the collaboration of the country’s government to show the available 

material and how it works in the desert, the new processing method and most important, to 

collect a great amount of data to work with. One year ago, a first meeting was performed in 

Mauritania where the robustness of the drone in desert conditions was tested. 

The team will arrive to Muscat and from there three possible field trial locations are considered 

since the FAO has not decided were the trials will be yet. The most of Oman is dry and rocky. 

The Rub’ al Khali (Empty Quarter) desert covers western Oman. Most of Oman's coast along 

the Arabian Sea is barren and rocky but tropical vegetation grows along the coastal plain of 

Dhofar, a region in the south adjacent to Yemen. Oman is one of the hottest countries in the 

world, with summer temperatures often reaching 54°C. The winters are warm. Most of the 

country receives less than 150 mm of rain per year. However, the climate of the coastal plain 

and mountains of Dhofar is moderated by monsoons that deposit about 760 mm of rain 

annually on the south side of the mountains. Considering the Oman climate conditions and 

looking at the latest desert locust bulletin from FAO, it has been assumed that the expedition 

will be done in one of the three following locations. 

• Option1 (improbable): 850Km from Muscat  

 

Fig. 5.1 First possible destination 
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• Option 2 (probable): 481 Km from Muscat  

 

Fig. 5.2 Second possible destination 

• Option 3 (very probable): 200Km from Muscat 

 

Fig. 5.3 Third possible destination 

Hemav has prepared a planning for the days in Oman: 

Date Activity 
19/01/2019 Arrival in Oman (Muscat) 
20/01/2019 Briefing and preparation of the exercises 
21/01/2019 Field exercises 
22/01/2019 Field exercises 
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23/01/2019 Preparation of reports and results 
24/01/2019 Debriefing and planning of next steps 
25/01/2019 Departure from Oman (Muscat) 

Table 10 Planning for the days in Oman 
 
The main objectives of the trip are:  

• Advances in the simplicity of assembly, packaging and transport of equipment. Show 

the replacement of the old-fashioned catapult by the new bungee method. 

• The new folding propellers that reduce the number of breaks and lengthen the life of 

the drone in hard working conditions. 

• Test the first version of data processing software and its simplicity to manage. 

• Simulate what would be a daily operation day with the drone implementation in the 

current and regular method.  

 

The experience and results of the trip will be explained with detail in the presentation since it 

has not been done yet. 
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6. Planning and costs 
The costs of all the needed material and the personnel cost for the development of the project 

are summed up in the following table: 

Element Cost  
MicaSense Red Edge 5 250 € 

ODROID XU-4 75 € 
HP2 + Components + Bungee 9 500 € 

Visual Camera 400 € (approx.) 
DJI S900 + Components 8 000 € 

DJI S1000 + Components + Fumigation system 9 000 € 
Material 31 425 € 

One engineer 4hours/day during 16 weeks 9 600 € 
One engineer 4hours/day during 16 weeks 9 600 € 

Assembly of equipment (30 hours) 600 € 
Personnel  19 800 € 

Table 11 Costs 

An approximate cost for the visual sensor has been given to simulate the total cost of the 

necessary material for one team. Hemav is developing a prototype of fumigation system for 

their tasks of precision agriculture and it costs around 500 €.  

It has been considered that all the material has to be provided to a minimum of 30 teams to 

cover the area affected by the desert locust. Therefore the total initial investment is 962 550 €. 

Considering the 570 million € wasted to exterminate the plague that took place from 2003 to 

2005, economic benefits are obtained while looking after the environment and people of the 

affected countries.  

After the first investment, some costs appear in terms of maintenance and pesticide, as well 

as forming several teams to be able to overcome issues that may appear. 

The planning of how this project has been developed appears in the following Gantt chart. 
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Table 12 Gant diagram  
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7. Conclusions 
To conclude the project, a balance of what has been achieved and improved and what remains 

to be done has been done. 

The conclusions that have been drawn throughout the work and research are broken down to 

leave a new solid base of work for the future steps.  

7.1 Technical Improvements 

From the technical and engineering point, a great step forward and restructuring has been 

carried out. These improvements mean the following: 

• A new high-level remote sensing tool with less omission errors and with results 

available on time has been found.  

• The quality of the data that enters the processing phase has been tested and it is now 

guaranteed. 

• A new algorithm to process all the data has been developed, with a processing time of 

3.6 seconds per pair of images. Therefore, the objective of being able to analyse all 

the data in the same day has been accomplished.  

• The possibility of visualising the results in the eLocust3 tablet has also been achieved 

even though future improvements may be needed. 

Definitely, it is public that UAV technology is very present both in our daily life and in multiple 

technological and industrial sectors. The unmanned aircrafts are a reality to which pay close 

attention, invest in them to explore and exploit all their possibilities. 

7.2 Social progress 

Regarding the aspects in which the project has scope and importance, the following points 

have been reached. 

• Levels of safety and security highly increase with the new methodology. With this 

methodology, teams do not have to be exposed in inhospitable and dangerous 

territories due to weather conditions, areas in military conflict or animal attacks. 

• The logistics in the transport are improved and the quality of the tasks to be performed 

by the survey ground teams is increased.  



  Report 

 
 

76 

7.3 Full committed to CSR 

Corporate Social Responsibility (CSR) is a way of direct the companies looking to the future, 

betting on the sustainability and responsibility. Based on the management of the impacts that 

its activity generates about its customers, employees, shareholders, local communities, 

environment and society in general.  

The improvements and the own solution that has been raised throughout this work is 

completely committed to the three basic pillars (economy, environment, social) that every 

company and engineer must internalize and apply.  

This solution is linked to the activity of the company and has a vocation for permanence. It is 

oriented to the improvement and protection of the environment as well as the sustained growth 

of the local communities such as the country or continent.  

Definitely, this project has been based on a solid base aimed at creating a solution for the 

protection of the environment and improving the quality of work. All this through a responsible, 

sustainable and booming technology such as the UAV.  
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