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1- Motivação 

• receitas superiores a 29.000 M€ (Horizon Fuel Cells 
Technologies, 2009);

• elevados custos, geralmente superiores a 10k€;

• elevada complexidade de implementação e controlo;
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1- Objectivos

• plataforma de baixo custo e de fácil manutenção;

• navegar em ambientes fechados, bem como no 
exterior;

• elevada autonomia;

• capacidade de acopolar diversos sensores;

• Interface gráfica que permita um controlo simples e 
intuítivo.
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2- Introdução aos UAVs - Aplicações
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• Observações aéreas;
- patrulhamento da linha costeira;

- detecção de incêndios, 

- procura de vitimas de desastres naturais;

• Operações militares;
- ataque a posições terrestres;

- procura e perseguição de alvos em movimento;

- aumento da percepção dos militares sobre o campo de batalha;

• Aplicações privadas e civis;
- publicidade;

- inspecção de infra-estruturas;

- monitorização de trafego automóvel;

- missões de monitorização ambiental;
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2- Plataformas comuns
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term UAV is commonly associated with aerial robots which have some level of autonomy.
These aerial robots are equipped with sensors that can sense the surrounding environment
and, sometimes, also interact with it.

The term Aerial Robotics can be associated with robotic flying machines (mission-
independent, platform-oriented concept); however, it could also mean robotics that use
flying machines (platform-independent, mission-oriented concept). Robotic flying ma-
chines are commonly referred to as unmanned aerial vehicles; while entire infrastructures,
which include systems and human components required to operate such machines for a
given operational objective, are often called unmanned aerial systems (UASs) [25] .

1.3.1 Common platforms

UAVs can vary greatly in form and shape, e.g., fixed-wing vehicles, helicopters, flapping
wing systems and lighter-than-air (LTA) machines . Four different UAV designs can be
seen in figure 1.2.

(a) The predator, a fixed-wind UAV from
USAF.

(b) R-max helicopter.

(c) Mercury project developed by
AeroEnvironment.

(d) Project DIVA, a lighter-than-air blimp [8].

Figure 1.2: Examples of different UAV configurations.

Each configuration has specific advantages, which makes each configuration more
suited for some missions. Fixed-wing models, for its higher stamina and flight speeds,
enables them to cover larger areas, and are best suited to reconnaissance and long range

4
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2- Veículos mais leve que o ar
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✓ mais autonomia;

✓ capacidade de 
permanecer pairar; 

✓ naturalmente estável;

✓ descolagens e 
aterragens verticais;

- dimensões;

- baixa velocidade.
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Envelope;

Gôndola;

Estabilizadores;

Motores.

[Passarola - IST]
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2- Outros projectos
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initialisation has to be carried out outside the ship in a hor-
izontal position aligned to the northern direction. After all
checks regarding the airship are completed and the proce-
dure of the measurement team is completed so far, the plat-
form can be installed in the central inside bay of the airship.
During the connection of power and data lines to the on-
board systems the produced data have to be monitored very
carefully. After releasing the ship from the mast, the out-
rigger with the Ultra Sonic Anemometer and the magnetic
compass can be attached to the ships bow structure. When
all systems of the airship and the measuring equipment work
perfectly, the pilot gets clearance for takeoff.
After takeoff the two teams for airship and for payload

operation check permanently the data transmitted to the
ground stations by the two separated telemetry downlinks.
If one of the data regarding the vital functions of the airship
exits its valid range, the attention of the person monitoring
the data is called by a acoustic signal and by highlighting of
the respective value on the control display. In this case the
pilot has to react and special routines come into effect. The
on-board system also monitors all values important for se-
cure operation. In case of malfunction declared procedures
start running, accompanied by messages transmitted down
to the ground station, to bring the ship into a failsafe status
until a normal and secure status takes place again. Similar
proceedings apply to the measuring crew.
The pilot can hand over the control of the airship to

the autonomous control step-by-step. In the first step, the
transmitted PWM (Pulse Width Modulation) signals of the
remote control are converted to CAN bus protocol. This in-
formation on the bus is received by the controller, processed
without any modification, sent back on the bus and transmit-
ted to the actuators after re-conversion to the original PWM
format. When the pilot observes correct reproduction of his
signals, he switches the control completely to the flight con-
trol. He is able to fetch back the control at any moment if he
realises, that the flight progress is not secure enough. During
test flights in order to identify flight mechanical parameters,
the pilot has to fly certain manoeuvres assigned by the flight
mechanical group. These manoeuvres have to be repeated
several times within one flight. The ground crew has to take
care over residual capacity of the flight accumulators and,
in case of flight sequences at full speed, of the temperature
of the propulsion engine. Back on ground the procedure is
not yet completed. After removing the nose outrigger and at-
taching the ship to the mast, the platform has to be removed
from the ship and positioned in the initial horizontal position
in northern alignment.
To proceed these test flights with varying demands to

ground handling and flight program over a long period, even
with long pauses of flight operation during evaluation of
measured data and re-equipping of the airship for the follow-
ing tasks, a well-established team is necessary. Fig. 10 shows
the team of students and scientists working together during
the flight test phase concerning flight mechanical tasks in
FOGL. Especially this team performed a very good and con-

Fig. 10. Airship and ground crew at the starting site.

tinuous work in preparation, flight operation out in the field
and in data processing and evaluation.

8. Flight test results

After the period of test flights concerning the identifi-
cation of flight mechanical parameters, several test flights
were carried out with automatic flight control. For this pur-
pose the pilot starts the airship manually, brings it up to the
defined flight altitude and checks the situation of wind and
turbulences there. If the conditions are suitable for automatic
flight, the pilot changes from manually to automatic flight
control. When he has handed over the control of the ship to
the automatic system, he continuously monitors the activi-
ties of the control surfaces of the airship. In this phase he is
permanently able to switch back to manual control, if any-
thing unexpected will occur.
The commanded signals and all sensor signals of these

flight phases are recorded on board and transmitted to the
ground station. To get a smooth transition into the automatic
flight phase, the pilot steers a straight horizontal flight path
with constant thrust or without thrust.
The first flight tests with the automatic control system

were carried out on April 18th 2002. It was the first time
the system was ever used during flight. We do not want to
hide the fact that intensive HIL (Hardware In the Loop)
tests were used to debug the control system. As the vectored
thrust control was not subject to this development it was
disabled during the autonomous controlled flight phases.
Fig. 11 shows the ground track of the airship “Lotte”. With-
out enabling the implemented wind estimation, the control
error of the commanded radius is somewhat about 4% of
350 m. As the wind estimation was disabled, it is claimed
that there has been rather no wind during this test. The flight
phases with an obviously non circular flight path have been
controlled manually during takeoff and landing and while
other tests have been carried out.
In another flight later on April 18th 2002, shown in

Fig. 12, with rather gusty wind influence, the relative de-
viation from the commanded radius of 200 m is bigger than
in the first flight, but a constant shift compared to the com-

Objectivo/sensores DIVA AURORA LAAS/CNRS
atitude unidade inercial unidade inercial bússola/

enclinómetroposição GPS diferencial GPS diferencial GPS

percepção adicional sensor de vento sensor de vento sensor de ventopercepção adicional
visão visão visão stéreo

detecção de obstáculos - - -
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3- Sistema Proposto
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• veículo de pequenas dimensões desenvolvido 
de raiz, recorrendo a materias leves (balsa, 
carbono);

• electrónica de controlo de baixo consumo, que 
permita a interface entre vários sensores;

• plataforma versátil, que possa servir de base a 
projectos posteriores;
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3- Plataforma para UAVs
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• envelope de 3 metros de comprimento;

- 3kg de sustentação;
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• cinta para acopolar os 
motores e electrónica em 
balsa, reforçada com 
materiais poliméricos.
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• gôndola para proteger os sensores e electrónica;
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• dois motores laterais orientáveis;

• o posicionamento dos motores, alinhados com o centro 
de gravidade do dirigível, permite aumentar a 
estabilidade;

• terceiro motor para auxiliar em manobras de viragem;
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• Determinação da localização geográfica;

- módulo GPS;

• Determinação da atitude do robo (azimute, inclinação):
- Acelerómetro de 3 eixos; 
- sensor geomagnético de 2 eixos; 

3- Sensores e Sistema de Comando

1- Motivação e Objectivos
2- Introdução aos UAVs
3- Sistema Proposto
4- Resultados Experimentais
5- Conclusões 

Desenvolvimento de um Robô Aéreo para 
Inspecção e Monitorização. 

15



• Detecção de obstáculos:
- 3 sensores de ultra-sons;

• Sensor de medição da direcção relativa do vento; 

• Captura de video em tempo real;

• LED de alto brilho para sinalizar a presença do dirigível.
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• dois microcontroladores de 16-bit da série PIC24 da 
Microchip®;

• elevada velocidade de processamento (56 MIPS);

• 40 entradas/saídas de interface com sensores e 
actuadores;

• algoritmo divido em dois níveis;
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Saídas de controlo

Entradas extra 

Entradas

Micontroladores

1- Motivação e Objectivos
2- Introdução aos UAVs
3- Sistema Proposto
4- Resultados Experimentais
5- Conclusões 

Desenvolvimento de um Robô Aéreo para 
Inspecção e Monitorização. 

Saídas de controlo

Entradas extra 

Entradas

Micontroladores

Saídas de controlo

Entradas extra 

Entradas

Micontroladores

G
PS

So
na

r

Sonar

Sonar

sensor  
geomagnético

acelerómetro

Saídas de controlo

Entradas extra 

Entradas

Micontroladores

interface I2C

interface analógica entradas e saídas 
genéricas

Saídas de controlo

Entradas extra 

Entradas

Micontroladores

M
ot
or

Motor

M
otor

LED

servos

Saídas de controlo

Entradas extra 

Entradas

Micontroladores

G
PS

So
na

r

Sonar

Sonar

sensor  
geomagnético

acelerómetro

interface I2C

interface analógica entradas e saídas 
genéricas

M
ot

or

Motor

M
otor

LED

servos

3- Sensores e Sistema de Comando

20



3- Sensores e Sistema de Comando

1- Motivação e Objectivos
2- Introdução aos UAVs
3- Sistema Proposto
4- Resultados Experimentais
5- Conclusões 

Desenvolvimento de um Robô Aéreo para 
Inspecção e Monitorização. 

21



3- Interface gráfica
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• visualização da posição e atitude do robô;

• informação dos sensores;

• visualização dos estados das saídas;

• controlo directo do robô;
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3- Características gerais
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CaracterísticasCaracterísticas
capacidade de carga 450 g
velocidade máxima 3 m.s-1

tempo de voo 60 min
raio de alcance 1.6 km
Dimensões relativamente reduzidasDimensões relativamente reduzidas
Sistema de detecção de obstáculosSistema de detecção de obstáculos
Camera e sonar orientáveisCamera e sonar orientáveis
LED de sinalizaçãoLED de sinalização
Adaptabilidade da placa de comando a outros veículosAdaptabilidade da placa de comando a outros veículos
Captura remota de video em tempo realCaptura remota de video em tempo real
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4- Testes de voo
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video exterior video a bordo
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5- Conclusões

• Boa efectividade dos motores;

• Elevada estabilidade, mesmo durante acelerações 
elevadas;

• Boa resistência mecânica;

• O comportamento da plataforma, está de acordo com 
o projecto.

1- Motivação e Objectivos
2- Introdução aos UAVs
3- Sistema Proposto
4- Resultados Experimentais
5- Conclusões 

Desenvolvimento de um Robô Aéreo para 
Inspecção e Monitorização. 

30



5- Conclusões

• As comunicações sem-fios, demonstraram a sua 
eficiência, permitindo comunicações bidireccionais 
superiores a 5Hz;

• os sensores a bordo, permitem ao utilizador conhecer 
o estado do robo; 

• O controlo manual através da interface gráfica, 
revelou-se difícil.
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5- Trabalhos futuros

• Aumentar a funcionalidade da Interface gráfica:
• sistema de controlo manual através de um joystick;

• desenvolver algoritmos de visão; 

• Aumentar a capacidade sensorial do robô:
• giroscópios;

• sistema de geolocalização diferencial;

• desenvolver algoritmos de navegação autónoma; 

• Testar o veículo em espaços abertos;

• Desenvolver um sistema cooperativo entre robôs;
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