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1. Introduction

Robotic is the science that studies the design and construction of machines, which are able to do
human tasks. The word “Robot” comes from the theater function R.U.R. (Rossum's Universal
Robots) written by Karel Capek (1917)[22] . He uses 'Robota' which means servants or forced
workers . This word was translated into English as Robot.

Outside the literature, nowadays there is a lot of research in robotics and robots are more and
more used in different tasks. There are for instance industrial robots, medical robots or mobile
robots as we see in Figure 1.1.

Figure 1.1: Examples of an industrial, a medical and a mobilerobot

The �eld of research of mobile robotics studies how one can create autonomous mobile systems,
how they can interact with the environment, and �nally how they can make their own decisions.

All those things are possible when the robot has sensors to get information about the environ-
ment. In that way it can make decisions based on the measurements. These sensors can measure
several characteristics and they can use many physical principia. Examples of sensors are: laser,
ultrasonic sensor, thermal sensor.

Normally mobile robotics uses machines like cars or other platforms with similar characteristics.
The idea is to obtain autonomous comportment. Usually mobile robotics uses wheeled vehicles,
because they are easy to control and have easy equations as movement equations. However, they
have some limitations because they are �xed to the ground. Inour project we want to use a blimp
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1. Introduction

as platform. This platform is more dif�cult to control than wheeled vehicles because it is not in
contact with any �xed reference. But this characteristic ofa blimp gives us lots of advantages in
some applications.

If we think of a natural disaster, such as earthquakes, wheeled robots would have lots of dif�-
culties to move in this environment. For lots of reasons suchas ground situation, their weight,
hidden victims. In this situation aerial robots can analyzethe area more fast than wheeled robots.
Aerial robots are not dangerous for the victims because theydo not have contact with the vic-
tims. Another idea is the 3D planes generation of buildings,a wheel robot can not take the
complete plans. But a blimp can �y over the building and obtain a complete map.

In this thesis we want to develop an autonomous blimp to implement those and furthermore
typical applications of wheeled robots. We think that the blimp is a good platform to use in this
applications.

So we want build an autonomous indoor blimp. This blimp will be controlled using a ground
computer, therefore we need to develop all hardware and software necessary. When the blimp
will be complete, we will develop two basic functions to control the altitude of the blimp and to
control the collision avoidance.

1.1. Objective

In this work we explain the construction process and programto build an autonomous blimp.
The thesis is structured as follows:

� Chapter 2: We describe the reasons to select the blimp. This is a very important point
because there are a lot of blimp models, but each of them has different characteristics and
is good for speci�c application.

� Chapter 3: We explain the electronic circuits which controlthe blimp. This is the interface
between the blimp and the computer. We need little weight andlong range of signal

� Chapter 4: We describe the �rmware for the blimp. In the blimpwe have motors, sensors
and electronic circuits and we need a program to operate withthem and the computer.

� Chapter 5: When the blimp is running, we need to control it with the computer. We are
using Linux, therefore we need a driver to control the PC board with Linux. In this chapter
we describe the interface to control the blimp with the PC.

� Chapter 6: We have the blimp and we can control it with the PC. At that point we de-
velop some functions to simplify the control. In this chapter we explain the height control
function. With this function the blimp controls its height with our reference.
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1.2. Related Work

� Chapter 7 : We describe a second function. This function avoids the frontal collision
between the blimp and obstacle. We send the distance actuation to the blimp and when an
obstacle is found, this function controls the horizontal movement of the blimp .

� Chapter 8: In this chapter the results obtained from the experiments are presented. Fur-
thermore we can see the comportment graphics for the last functions in a real situation.

The �nal chapters has the conclusions and visions for futurework.

1.2. Related Work

Recently, several authors have developed robotic systems based on blimps and studied appropri-
ate control paradigms. Kantor and colleagues[23] discuss the use of solar energy as a renewable
source of power for airships using an outdoor blimp. Elfes and colleagues[27], based on typical
mission requirements, present arguments that favor airships over airplanes and helicopters as the
ideal platforms for such missions. Emmanuel and colleagues[31] focus on �ight control and
terrain mapping issues for the cooperation between ground and aerial robots.

Other authors use blimps in indoor environments. Motoyama and colleagues[29] designed an
autonomously controlled indoor blimp and an action-value function for motion planning based
on the potential �eld method[28]. They evaluated its effectiveness in a simulated environment.
Geoffrey and colleagues[19] used a commercial indoor blimp. They concluded that the vertical
motor was severely underpowered in the teleoperated environment. They used a commercial
wireless board to send the measurements of the sensors to theground computer and a separate
board to control the motors. Hydrogen and Helium were used toincrease the payload capacity.
In this thesis, we use the same type of blimp, with a differentvertical motor. We use a more
powerful motor and a big propeller to control the altitude. We develop a speci�c board to control
the motors and sensors, which is signi�cantly lighter than their system. Thereby, we have more
payload capacity to use for additional equipment. We only use Helium, because Hydrogen is
�ammable and dangerous in indoor environments.

An important problem for blimps as well as for mobile robots in general is obstacle detection
and collision avoidance. Green and colleagues[26] used an infrared sensor to detect obstacles.
When the collision avoidance system detected an obstacle, the blimp turned 180 degrees to avoid
the collision. Their collision avoidance system did not control the inertia of the blimp. In this
thesis, we use an ultrasonic sensor to measure the distance to potential obstacles. We use this
distance measurement in a Fuzzy controller to avoid the obstacle.

An important control problem is the automatic adjustment ofthe altitude and the horizontal
movement. If the blimp is in a speci�c altitude, we can move itin a horizontal plane. Kadota
and colleagues[34] used PID controllers to regulate the altitude and the horizontal movement of
the blimp. They argue that the trajectory of the blimp was unstable in the vertical direction. In
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1. Introduction

this thesis, we use PID and Fuzzy controllers as altitude regulators. We evaluate the performance
of the developed control systems using those regulators in two different environments.
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2. Blimp Selection

In this chapter we will describe the kind of blimp that we willuse for this project. There are two
different types of blimps. We can buy an outdoor or an indoor one. Outdoor blimps are bigger
than indoor ones. They can �y at outdoor environments and have a big capacity of payload.
Opposite to this solution are the indoor blimps. An indoor blimp is small and can �y in a
corridor or room. We want use the blimp in indoor environments, so we select this type.

There are lots of types of indoor blimps. We can select between the smallest blimp,30 cm of
length, and the biggest blimp, 2 meters length. A big blimp has more payload capacity, but we
have to check the balloon weight, because balloons are not built with the same materials.

The goal of the project is to build an autonomous blimp. This blimp will be controlled with a
ground computer, using a wireless communication. Then we have to put electronic boards (to
control the blimp), sensors (to get the measurements), batteries, motors (to move the blimp) and
a lot of components more inside the blimp. We have to check this things to take a decision about
what blimp select. This is the goal for this chapter.

2.1. Selection Criteria

In this section we will describe the important points to select a blimp. Our autonomous blimp is
for indoor environments, so we have to check characteristics as size, maximum payload capacity
and motors distribution.

Before we start to describe the selection criteria, we have to see the actual situation of the
market. In the market we �nd a lot of types of blimps[11] [2] . Two important items to make
the classi�cation are payload capacity and distribution ofgondola motors. The �rst point is the
most important because it tells us how many grams we can payload into the balloon. The size
has in�uence on this payload capacity, because if the balloon is big we have more capacity than
if the balloon is small. But this is not all, because we need toknow the weight of the balloon
too. So we need a light and big balloon.

The other point to study is the gondola. We can select a balloon and a gondola independently.
Gondola has the motors and space for the hardware. The motorsdistribution is important to
make more easy the control of the blimp. So we need a good distribution to get a good control.
We have to check these points to select the blimp:
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2. Blimp Selection

� Size: we have to check this point, because we have to achieve abalance between this one
and the other points. The blimp is for indoor use, so it has to be small to �y for corridors
and rooms with obstacles. Another question is the capacity,if we use a bigger blimp, we
will have more capacity of payload.

� Maximum payload capacity: this point is very important, because it determines how many
weight we can put into the gondola. Helium is less dense than the air. The density of
helium is 0.126 kg/l. So if we put helium inside the balloon, the balloon �ies. Another
option could be use hydrogen, because it allows more capacity, but it is very dangerous,
because hydrogen is in�ammable. This is the reason because we use helium.

� Mechanical control system: we can select between several kinds of gondolas. There are
two main groups:

– Two motors and one servo: This gondola has two motors for propulsion. The servo
can spin the motors, so if we turn the motors we can regulate the vertical propulsion
and the horizontal movement. The problem of this distribution is that we can not
separate the height control from horizontal movement control.

– Three motors: This gondola has a vertical motor to regulate the altitude of the blimp
and other two motors to rotate the blimp. With this solution we can control the
altitude of the blimp independently and the altitude control program is more easy.

2.2. The Selected Blimp

In this section we will describe the selected blimp and its characteristics. We select only two
parts for the blimp, the balloon and the gondola. The other components will be explained in next
chapters.

We start with the balloon selection. We searched in several shops to compare balloon sizes.
After this process we conclude that to obtain a 144 grams of payload capacity, we need a 52”
balloon made of a light material. We think that this capacityfor this size is good. This capacity
is the balloon capacity, without gondola and motors. So we selected the plantraco blimp, with a
52” balloon as we see in Figure 2.2[11] [3]. With this size we can use it to �y in a corridor with
people and enter in rooms through a door. De�nitively, this balloon satis�ed our needs.

This blimp has a tri-turbofan gondola. With this distribution we have a vertical motor to regulate
the altitude and two motors to control the speed and the rotation of the blimp. This gondola
[Figure 2.1] uses tree light dc motors, so it is very appropriate for our application. The vertical
motor has few power, but we change it for a DC motor with a Futaba 3003 servo motor. We put
a big propeller on this motor and now we have the necessary power to control the altitude. With
this changes the gondola weighs only 70 grams. We have 74 grams free for hardware.
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2.2. The Selected Blimp

Figure 2.1: Tri-turbofan gondola selected. It has right, left and vertical motors. We use the
vertical motor to control the altitude and lateral motors tocontrol the horizontal
movement

Figure 2.2: Complete blimp selected. The ballon has a size of52” and at the bottom is the
tri-turbofan gondola
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3. Electronic Circuits

By now, we selected a blimp for this project. So at this momentwe have a balloon with 144
grams of load capacity, and a tri-turbofan gondola. The weight of the gondola is 70 grams. So
we have 74 grams free to put in the rest of the components.

In this chapter we will describe which electronics systems we are going to use to control the
blimp. We have to select which elements put into the gondola and which ones into the ground
PC, in order to control the blimp.

We have two ways to select them: we can buy a commercial communication system or we can
build our own communication system. There are no good commercial kits to control a blimp, so
we have to design an appropriate communication system. The reasons for this decision are the
following:

� we need to control the motors speed, because we can not control the blimp using only
maximum speeds. Then we need a speed regulator for the motors. We use a big vertical
motor. We can not connect this motor to the original board.

� we need a good range with few weight. We can not implement a wireless communica-
tion with a wireless access point, or a wireless router because we have only 74 grams of
capacity. Then we have to select a lighter component to make the communications.

� we need a bidirectional communication to receive data from the blimp. The idea is send
data from the PC to the blimp and backwards, because we need a closed loop, to control
it.

So we had to design an speci�c board for this application, because the commercial boards do
not satis�ed our necessities. In the next sections of the chapter we will describe the functions of
the circuit parts. We need two boards, one for the gondola, and another one for the PC. With this
distribution we complete the hardware part.
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3. Electronic Circuits

3.1. Gondola Board

3.1.1. General Diagram

In this section we will explain the electronics for the gondola. We have three motors in the
gondola and we need to control them. We have sensors in the blimp, that we use to get the
measurements and send them to the computer.

In Figure 3.1 we see the system general diagram. We also have the connections between the
different parts of the circuit.

Figure 3.1: Block diagram for the gondola board. We see the main parts for this board. The
microcontroller is the brain of this system

All diagrams blocks will be explained afterwards, in this chapter. We can see that the microcon-
troller is the heart of the system.

3.1.2. Power Source

All electronic system needs a power supply to run. Then we usea LiPo battery with 11 volts.
This voltage is high for the electronic components, for thisreason we put a power regulator into
the circuit. We need to obtain two voltage levels: 8V and 5V.

10



3.1. Gondola Board

We have three voltage levels in this circuit, each one for thedifferent parts of the circuit. We can
see the power source in the Figure 3.2. We connected the battery with the switch in the JH24
and JH28 holes.

Figure 3.2: Power source diagram. The left side shows the voltage sensor. The central side
shows the lineal regulator. The right side shows the controlLED, if it is ON the
blimp is ON

The �rst part of the circuit is the battery voltage sensor. Wemade this sensor with two resistors
(RS1 and RS2). These resistors reduce the tension in the measurement point and we can read it
with the microcontroller analog port. With the voltage sensor we reduce the voltage until 1/3 of
the original voltage. This sensor is necessary to obtain a computer control of the battery level.
These batteries get damaged if they are under 9V. We use a LiPosaver to show us when the
battery is empty.

The diode D1 is to 2A and we use it to prevent the possible polarity inversion. It is to protect the
circuit. The 3 condensators and the regulator 7805 provide the 5V source. RL1 and LED1 show
if the switch is turn on or off. When the yellow LED is ON the blimp is running.

The other power source provides 8V, for the camera. The real circuit diagrams are in the ap-
pendix Plans. The circuit is the same that the 5V source.

3.1.3. Microcontroller

The microcontroller is the brain of the circuit. The circuithas the necessary electronic to run the
microcontroller. The Figure 3.3 shows the diagram.

R1 is a resistor that we use to connect the reset input from themicrocontroller to 5V. This
con�guration removes the external reset interruption in the microcontroller. C1, C3 and Y1 are
the oscillator to the microcontroller. It is �xed to 4MHz.
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3. Electronic Circuits

The microcontroller is a PIC 16F873[7], the technical characteristics are in the microchip web.
We select this microcontroller because it has USART, analogports, and I2C ports. We need this
peripherals for the blimp control. The rest of connections are inputs or outputs to sensors or
other parts of the circuit. The SDO/SDA ports can be used as normal input/outputs. These ports
are designed to connect an I2C bus.

Figure 3.3: The microcontroller is the brain of this board. We see the oscillator and the connec-
tions with other devices

The microcontroller contains the code to control the blimp.This program will be commented
in the next chapter. We can use the outputs and inputs to communicate with peripherals like a
wireless transceiver, or motor drivers. We can see in the plans which is the complete connection
between the different parts.

� We have I1, . . . ,I6 outputs to control the motor drivers.

� RX and TX are connected with the wireless module, RX is the receiver input and TX is
the transmission output.

� SensorV is the Analogical input and convert the analogical signal from the voltage sensor
in a digital data to send it to the computer.

� We use SDO and SDA to read the ultrasonic sensors.

� Output1 is not implemented.

12



3.1. Gondola Board

3.1.4. Motor Drivers

We told at the beginning of this chapter, that we need a speed regulator to control the blimp
motors. We can not use only one speed per sense. For this reason we use the drivers based in
a L293B circuits (Figure 3.4). These circuits can work with 1A per canal. With this driver we
can modulate the tension and control the motors speed. The modulation is a PWM (Pulse Width
Modulation) and it is controlled by the microcontroller.

Figure 3.4: Motor drivers circuit. We see the driver (L293B)and the fusible to control the current

We can control 3 motors with 1A per motor. The blimp motors load is 300 mA per motor. We
put a 2A fusible in the power input of drivers, to protect it from overload. We set the enabled
input of all channels that we use. The enabled inputs are the pins 1 and 9. Every side of the
integrated circuit controls one channel. The pin number 8 isthe power supply and is used to
move the motors. The pin number 16 is the logical power supply, it is used only to compare the
voltage levels from the microcontroller and set or clear thepower outputs. The Headers are the
connections for the motors.

3.1.5. Wireless

We want to connect a personal computer with the blimp. For this reason we need a wireless
circuit (Figure 3.5). For the blimp we select a ER400TRS transceiver. This is a serial wireless
modem that works in the 400 MHz band. This circuit has a speed communication of 19200
Bauds, in the air. The communication with the pc is of 19200 bauds, but we can change it. The
other part of the circuit is the 74HC04 that we use as a buffer,to protect the transceiver. The
communication with the microcontroller is with TX and RX pins.

13



3. Electronic Circuits

Figure 3.5: Wireless circuit. In the right side we see the transceiver. This transceiver make the
connection between the gondola and the computer. In the leftside we have a 74HC04
IC to protect the transceiver

3.1.6. Battery

The choice of the battery is very important for this project,because this element is very heavy.
We need a very light battery and a lot of current. For this project we select a new type of batteries,
the LiPo batteries. Lithium Polimeter batteries are based in a new technology. They satisfy all
our needs. They have a small weight and a lot of current capacity. We select a 350mA LiPo
Battery (Figure 3.6), because it has weight of 35 grams and itcan supply 3A as max current[5].
This battery provides 40 minutes of autonomy for the blimp. The voltage level of this battery is
11V, because if we put a camera we need 8V.

Figure 3.6: LiPo Battery with 11V, and 350mA

The critical level for this battery is 9V. In this level we have to turn off the load if we do not want
to damage the battery. We use a commercial circuit to controlthe voltage level (Figure 3.7). It
is for 3 cells batteries, then it turn on the led when the battery has the critical level (9V).

At this moment we have all hardware to control the blimp (without sensors). The weight of
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3.2. Personal Computer Board

Figure 3.7: LiPo Saver for LiPo batteries of 11V

gondola hardware is 20 grams and LiPo battery is 35 grams. Then we have 20 grams free to put
sensors.

3.2. Personal Computer Board

3.2.1. General Diagram

We have to communicate the blimp with the computer, so we haveto build other wi� board for
the computer. You can see in the Figure 3.8 the general diagram for the PC board. In this small
board we have three parts. The �rst part is the power source, that we need to supply current to
the board integrated circuits.

Figure 3.8: Blocks diagram for the PC board

Another block is the serial interface, that we use to connectthe board to the PC. This block is
only an interface and its mission is to change the voltage levels between the PC and the wireless
module. The last part is the wireless module. We use this block to send and receive data between
the blimp and the computer.
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3. Electronic Circuits

3.2.2. Power Source

The power source has the mission to supply 5V (Figure 3.9). This is the voltage necessary to
supply the electronic components of the circuit. We use a 9V battery as power supply for the
circuit. This is the reason because we need the regulator. The diagram is the same to the Figure
3.2 without voltage level sensor.

Figure 3.9: Power source for the PC board. Left side connections for the battery and a diode to
control the polarity inversion. Middle side, lineal regulator to supply 5V. Right side,
LED indicator

3.2.3. Serial Interface

This circuit (Figure 3.10) changes the voltages levels between wireless module and the computer
serial port. The reason to use this interface is that we have aTTL voltage in the wireless side,
and we have +12V, -12V voltage levels in the serial PC port. Ifwe connect directly the wi�
board to the serial port, the wireless module could get damage.

We have two parts in this circuit:

� Serial Connector: this is a DB9 connector, for a 9 pins serialport. The most important pins
are the numbers 2 and 3. These pins have the serial information from/to the computer. The
pins 7 and 8 are used for Handshaking �ow control. But we do notuse them. To connect
this board to the PC we can use a serial cable if we have a serialport in the PC, or a
serial-USB converter cable if we only have USB ports free.

� Serial driver: We use a MAX232N driver (Maxim driver). This driver uses 5 Tantalio
condensators to run. It provides us 2 serial channels.
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3.2. Personal Computer Board

Figure 3.10: Serial interface diagram. We see in the left side the serial port driver. We see in the
right side the serial port connector

3.2.4. Wireless Communication Module

The main part of this module is the Transceiver (Figure 3.11). This transceiver is the same that
we have in the gondola wireless module (Figure 3.5). We need 5V to supply the transceiver. The
antenna is connected to pin 1 and we send the data for this pin.

Figure 3.11: Wireless transceiver and jumpers to con�gure the error protocol

Jumpers are the other important part of this circuit. With theses jumpers we can activate the
Handshaking control �ow. If we connect the pins number 1 witha jumper and the pins num-
ber 2 with another jumper, we activate the handshaking control, and we have to con�gure the
transceiver and the computer to use it.
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4. Firmware

By now, we have selected the blimp components and build all electronic parts. We have made
the mechanical and electrical part. But the blimp still can not do anything. So in this chapter we
will describe the algorithm developed for the microcontroller. This software controls the motors,
takes the measures from the sensors and sends them to the computer.

This chapter and the next one are very important, because they explain how to control the blimp
using a software when we will have an appropriate program in the microcontroller. The com-
puter program send control data to the microcontroller. The�rmware controls the blimp using
these data. We use the computer wireless board to send instructions to the gondola, then the mi-
crocontroller reads these instructions and moves the motors if it is necessary. In other hand, the
microcontroller gets the sensor measurements and sends them to the computer board. These data
are received and processed at the computer. With these data the computer takes new decisions
about the gondola motors.

4.1. Algorithm

At Figure 4.1 we can see the �rmware algorithm. This program is into the microcontroller,
inside the gondola. The program controls the motors and getsdata from the sensors. It has
several parts. All this parts are typical in microcontroller programs. We describe in this section
the purpose of everyone important block.

The Serial Port Interruption Con�guration block con�guresthe call to Serial Port Interruption
Subroutine. This subroutine processes the serial data received in asynchronous mode. We use
interruptions to read the serial port, because we can do another task when we do not receive data.
When one data is in serial buffer, the interruption �ag is setand we can read and process this
data and use it in our program.

Motors Control (PWM) block makes the modulation for the motors. We use 11V power supply
for the motors. We change the motors speed when we change the voltage level. We use PWM
to change the motors voltage and then we can control the speed. We have 3 motors to control
the blimp. Those motors can not use more voltage than 5V. Thissituation is controlled by PWM
block.

The next blocks run when the condition is true. We use one variable to synchronize the sensors
measurements and data transmission. It is not possible maketwo sensors measurement at the
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same time. We need a delay to avoid the interferences betweenthose sensors when they are
making a measurement. This is the reason because we wait between one measurement of one
sensor and the next measurement of the another one.

We have two ultrasonic sensors. One uses PWM control signal (vertical sensor). The other one
is connected to I2C bus. To use the PWM sensor we have to control the measurement process.
We send an activation command to start the measurement. Afterwards we count the time that
we are waiting for the end measurement command. This time is proportional to distance. With
I2C sensor we send an activation message. Then the I2C sensorstarts to measure. We can do
other tasks in our microcontroller program while we are waiting for the measurement. When the
measurement is ready we call to Read Measure Frontal Sensor function and we get the distance
in centimeters.

When it has the information, it is sent to the computer using awireless connection. With this
chapter we �nish the job with the blimp. Now we have to developthe software for the computer.
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4.1. Algorithm

Figure 4.1: Algorithm programmed in the microcontroller. This is the �rmware that controls the
blimp. When we start the microcontroller the program start in the �rst block. This
algorithm is an in�nite loop
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5. Driver

In the �rst chapters of this project we have described the hardware construction. So now we
have a complete blimp. We have the hardware to control the motors and to get the measurements
from sensors. We developed the software for the microcontroller, to use the instructions that the
computer sends to it. And the microcontroller sends the sensors measurements to the computer.
Then at this moment we need develop a software for the computer, because we have to send
the control instructions for the blimp. To develop this software we need a driver to use the
transmitter board under Linux. In this chapter we will describe the Linux driver.

To use the computer board we developed a Linux driver. This driver is an interface to control the
blimp. We can develop a software using this interface to control the blimp. With this interface we
have functions to control the blimp motors and read the sensors measurements. The transmitter
board is connected to computer by USB port. We use an USB-RS232 converter to connect them.
As technical information we would like to mention that transmitter board uses 8N1 to 19200
baud protocol.

When this chapter had ended, the blimp making will be �nished, we will have all necessary tools
to move the blimp. Then we will be able to develop software to control the blimp. But if we
want to build an autonomous blimp, then we will need to develop a software that allow the blimp
to do it. To make this easy we will need a minimum number of functions to do more easy the
control. We will see this in next chapters.

5.1. The Interface

We want control the blimp using the wireless computer board.This communication is complex
and we can not develop software if we have to control the system functions in our program.
For this reason we develop a generic interface to give the programmer a package to control the
blimp. With this interface the programmer does not need to control the serial port characteristics,
or the communication protocol between the blimp and the computer.

Next sections give programmers a guide to know what functions are implemented and how these
functions are. The interface has ten functions easy to use. So we think that the programmer can
develop a software to move the blimp using this functions in few minutes.

Regard to the Linux system con�guration, we need a serial port available and it is very important
give the appropriate permission for the serial port. This isa typical error when a new programmer
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develop software for the blimp and this one does not run. We solve this problem typing this
command as root:chmod 666 ttyUSB0if the board is connected tottyUSB0port.

5.2. Serial Port Functions

We need to control the serial port to send information to the wireless board[21]. For this reason
we have 2 functions to control it. This functions are important because we need the serial port
identi�cation to use in our program. With this identi�cation we can write in the serial port
system �le and send the necessary information to move the blimp. The second function close
the serial port system �le to �nish the communication.

� int open_port (const char port[32],double *time_open)

This function is used to open the serial port. We give it the name of the port (serial port or
USB port) and the pointer to save the time when we opened the port. This function gives
us a reference for the port. We can use this reference while serial port is opened.

� void close_port (int fd)

This function is used to close the serial port. We use the lastreference.We send it in this
function and close the serial port.

5.3. Get Measurements

We want to make an autonomous blimp. So we need information from the blimp. This infor-
mation comes from the sensors. The �rmware uses the sensors and send to computer board the
measurements to be process by our program. So we need functions to read this information and
use it in our programs. That is why we have three functions to read the blimp information:

� int get_voltage(int fd,double *destination_time)

This function give us the battery voltage. The parameters are the serial port reference
and the pointer to save the measurement time. The return value is an integer with battery
voltage.

� void get_height(int fd,double *value_destination,int *�ag,double *destination_time)

This function give us the blimp altitude. The parameters arethe serial port reference, the
pointer where we will save the result, a pointer to save a �ag and another for the time. The
returned altitude is in meters. The �ag tells us if this measure is new or old.
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� void get_front(int fd,double *value_destination,int *�ag,double *destination_time)

This is the last function to read data from the blimp. The parameters are the same than
last function. In this case we read the frontal collision distance. We use this measurement
in the collision avoidance system.

5.4. Movement Functions

At this moment we can use the serial port and read data from thesensors. For this reason we
need new functions to control the motors. We can control one,two or three motors at same time.
These functions send the desired speed for the motors.

� void motor_left(char speed,int fd)

This function controls the left motor. The �rst parameter isthe motor speed, this parameter
is between -12 to +12. With this parameter we can turn the motor in two directions.
Positive values moves forward. Negative values moves backwards. The other parameter
is the serial port reference.

� void motor_right(char speed,int fd)

This function is like the last function but this one manages the right motor. We can turn
the blimp or move to front or back if we combine this two functions.

� void motor_up(char speed,int fd)

This function controls the vertical motor. It is like the other two functions but the speed
range is -14 to +14. Positive values move up and negative values move down the blimp.

� void motor_left_right(char speed_l,char speed_r,int fd)

This function is used to control the horizontal motors at thesame time. The parameters
are the same with the same ranges.

� void motor_left_right_up(char speed_l,char speed_r,char speed_u,int fd)

This is the most general function. It can control the three motors at the same time. The
parameters are the same than in the other functions.
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6. Altitude Regulator

With the approach described so far we are able to control the blimp with the computer. Therefore
we have built the hardware and implemented the electronic systems for the control. Afterwards
we developed the �rmware for the microcontroller and so we can send and received data from
the PC.

In the previous chapter we wrote a driver under Linux to control the blimp using a serial port.
Now, for safe navigation in indoor environments, we want to implement some algorithms which
make easier to control the blimp. One important task for an autonomous blimp is an altitude reg-
ulator. Therefore we want to specify a goal altitude and the altitude control algorithm drives the
blimp automaticly to this height. With this control algorithm we can reduce from three degrees
to two degrees of freedom, because one degree (vertical) is controlled with this function. This
function controls the altitude of the blimp, so we only have to control the horizontal movement.
In this chapter we want to explain how we realized this function.

For this function we need the current altitude of the blimp. We use an ultrasonic sensor to get
it. Once we have the measurement, we correct the error of the sensor with a Kalman �lter, and
obtain the estimated height. Kalman �lter uses the characteristics of our sensor, our dynamic
model for the blimp and the previous measures. Kalman �lter gives us the blimp estimated
altitude in each moment. As soon as we know the altitude of theblimp, we can apply a regulator
to control the altitude. We can control the motor and move theblimp to the speci�c height. For
this control we compare two controllers in order to generatethe actions for the motors.

6.1. Ultrasonic Sensor

If we want to build an autonomous blimp, we need information about the environment. For this
task we use an ultrasonic sensor. We use a SRF05 sensor[15], see Figure 6.1, to measure the
distance from the blimp to other object in the bottom. Using this sensor we implement a height
regulator for the blimp. This sensor has 1 mm resolution, anda small ratio. We can only detect
objects which are directly in front the sensor.

In Figure 6.2 we see the sensor connections. It has two modes.Mode 1 uses 2 pins for the con-
trol. Mode 2 uses only one pin for the control. We use mode 2 with a single pin for both, Trigger
and Echo, connections. Therefore we can control the sensor using a single microcontroller pin.

Using mode 2 we have the next control signals (Figure 6.3). The Trigger pulse starts the sensor
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6. Altitude Regulator

Figure 6.1: We see an ultrasonic sensor SRF05. We used it to get the measurement of the alti-
tude. This sensor weight 10 grams

measurement (the microcontroller pin is an output), this pulse has 10�s of minimum duration.
Then we con�gure the pin as an input. We have a high level untilthe height measure is over,
then we have low level on the microcontroller pin. This sensor uses a PWM connection to give
the measurement to the microcontroller. The time that the connection is high is proportional to
the distance, so we use this value to obtain the altitude. To calculate this distance we use

distance =
tmeasure � 5

2900
(6.1)

and we obtain the distance in meters. This equation was obtained with experiments and datasheet.

We make some experiments with the sensor to obtain the characteristics. We get measures with
the sensor at different distances from a wall. With this datawe obtain the statistic parameters
which are necessaries to characterize the sensor. We get themedia of the variance. The sensor
is characterized by� sensor = 1 :15mm.

We want to measure the height. Sensors are imperfect and measure with noise. We want to
estimate the height of the blimp to reduce the errors in the measurement. For this application we
use a Kalman �lter.
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6.1. Ultrasonic Sensor

Figure 6.2: SRF05 connections to run the sensor in mode 2. With this mode we use a single pin
of the microcontroller to control the sensor

Figure 6.3: Control times for the ultrasonic sensor SRF05
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6.2. Kalman Filter

As we described at the beginning of this chapter, we want to put the blimp in a speci�c al-
titude. To make this task, we need to know the height at each moment. Therefore we put a
sensor at the bottom of the blimp. Sensors are not perfect andthey give us wrong measurements
which we have to correct. For this reason we use Kalman �lter[37], because we can get better
measurement using it .

The Kalman �lter is a set of mathematical equations that provides a recursive solution of the
least-squares method. The goal is to �nd unbiased minimum variance lineal estimator of the
state at timet with base in available information at timet � 1 and update with the additional
available information at timet that estimator. This �lter is the principal algorithm to estimate
dynamic systems speci�ed in state-space form.

So our objective is to obtain the optimal height measurementof the blimp. We are using noisy
measurements from the sensors, and a doubt model of the blimpdynamic. The blimp dynamic
is modelled using this equation

�� t = A t � t � 1 + B tut ; (6.2)

where �� t is the state model for the actual moment,A t is the conduct matrix for the system
dynamics or state matrix, andB tut is the actuation vector.

Kalman �lter algorithm uses two cycles, propagation cycle and actuation cycle. The propagation
cycle obtain the new state using the values that we have in ourdynamic system model. In the
second cycle we use the measure, and we estimate the new real position for the blimp. We have
an interactive algorithm, and it actualizes itself continuously with the new measurements.

The algorithm uses as inputs the last state vector� t � 1, the covariance matrix of the system model
� t � 1, the actuationut , and the new measurezt . At �rst we have to assign to this inputs initial
values. Next equation calculates the estimator covariancewithout the measure

�� t = A t � t � 1A t
T + Rt ; (6.3)

whereRt represents the noise of the system model. We are using the variance matrix of the last
state� t � 1. Now we have the new variance of the state equation, but we do not have used yet the
new sensor measurement. For this reason we use other symbol,because�� t is not the de�nitive
variance for thet time.

Now we calculate the Kalman �lter gain with this equation

K t = �� t Ct
T (Ct �� t Ct

T + Qt )� 1; (6.4)
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whereQt is a doubt vector for the sensor. Gain makes the error covariance of the new state
estimation minimum. It speci�es the weight of the measurement in the new estimated state.
Now we can use the measure to correct the result obtained withthe system equations, and for
this goal we use the next equation

� t = �� t + K t (zt � Ct �� t ): (6.5)

With this equation we know the estimated altitude for the blimp. This equation give us the new
covariance of the dynamic system to use it with the next measurements

� t = ( I � K t Ct ) �� t : (6.6)

So when we apply the �lter, we obtain the altitude� t estimated for this time and the new value
of the covariance matrix� t .

In this section we estimate the height using Kalman �lter. Now we have to apply a regulator
with this measurement to control the vertical motor and put the blimp in the goal altitude.

6.3. PID Regulator

Finally, we have all the necessaries parts to make the altitude regulator. We can control the
blimp with the computer and know the estimated altitude for the blimp. So we have to select a
regulator type. The �rst idea is to select a PID regulator, because this is a typical regulator for
lineal systems[34] [10]. It can erase the error of the system. We see in Figure 6.4 a graph for
the closed loop system. In this graph we see the height of the blimp. This height is measured
using kalman �lter. We compare this measurement with the goal and the difference is the error.
We want to erase this error or minimize it, for this reason we use the controller. The controller
send the actuation commands to vertical motor. This motor moves the blimp to a new altitude,
but this altitude is function of the environment perturbations. So we can calculate a controller
for a speci�c environment with speci�c perturbations.

The PID (Proportional Integer Derivative) regulator has three components. All these components
are function of the system errore(t). The proportional component is

P = K pe(t); (6.7)

whereK p is the proportional constant. Using this component we move the blimp fast to the
goal, but can not erase the error. The Integer component is

I = K i

Z t

0
e(t) dt; (6.8)
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whereK i is the integer constant. In this component we store the error. This component erase
the error, but insert oscillations in the behavior of the blimp. The derivative component is

D = K d
de(t)

dt
; (6.9)

whereK d is the derivative constant. This component is function of the error change. When the
error changes this component generates the actuation to correct it. We use the error in the last
state and the error in the actual state to calculate the variation. Using this variation we create a
new actuation proportional to correct the altitude. So the complete regulator is function of the
error. We have here the complete equation

P ID = K pe(t) + K i

Z t

0
e(t) dt + K d

de(t)
dt

; (6.10)

We see in the Figure 6.5, what is the effect when we add one new component. The proportional
component moves quickly the system near to the reference. But this component can not erase
the error. We add a Integer component. This component erasesthe error, but increases the
oscillations. The third part is the derivative part, when weapply this component we reduce the
overshoot.

We have to calculateK p , K i and K d components. We need a mathematical model for the
system to calculate this parameters. We can not model the system, so we have to estimate those
parameters using experiments andZiegler Nichols method[18]. The problem is that we have to
recalculate the parameters when the environment or blimp conditions change.

Figure 6.4: Closed loop to control the blimp. Kalman �lter get the measurement of the height.
The error is the difference between the reference and the Kalman measurement. We
use the controller to drive the vertical motor and minimize the error. The perturba-
tions are the problem because we can not control them
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Figure 6.5: PID comportment. The �rst graphic shows the system with Proportional component
in the regulator PID. The second graphic shows the effect of PI components. The
third graphic shows the complete PID regulator controllingour system

6.4. Fuzzy Regulator

We also can select an other more generic regulator. This regulator is a Fuzzy regulator. Fuzzy
uses the knowledge that we have about the system. This regulator is not exact but is more
generic, because we do not need to recalculate the parameters when the environment changes
[33].

Fuzzy logic uses Fuzzy groups to model the system doubt. The knowledge representation is
modeled under rules. So we have to select the variables that we need for control the blimp. We
use the height and the estimated speed, because we want to control the inertia. This is the main
advantage respect the PID controller, because we use two variables to control the blimp, and
PID uses only one. So, we see in the Figure 6.6 the Fuzzy groups. We use the estimated speed,
the system error, and the actuation on the motors. This last group is the output for the regulator.

Now we know the variables to use, we give them operation values. Then we build the Fuzzy
rules. With this rules we calculate the speed of the motors. We see the Fuzzy rules in Figure 6.7

We will see this problem using two random situations and using the images of this chapter, to
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Figure 6.6: Fuzzy Groups

Figure 6.7: Fuzzy rules. This table gives us the Actuation (A) in function of the inputs, Error (E)
and Velocity (V). We write this table by hand
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know how this regulator works. In the Figure 6.8 we see the blimp, the ground and the control
variables. In the right side we haveZref , this value is the height reference. We want to put the
blimp in this height. TheZ variable is the estimated height using Kalman �lter. In leftside we
see the other variables sensed.

The �rst example is a situation where we have VP Velocity and the Error is VP. This situation
means that the blimp is far from the reference and the reference is over the blimp. The velocity
is maximum in positive direction. So we do not have to actuateon the system. We see this
situation in the fuzzy rules (Figure6.7). We see VP in Velocity and VP in Error, so the value is
Z for the Actuation. We can follow this example with Figure 6.8. We do not have to actuate on
the system.

Afterwards, we have a different situation. We have VP Velocity, and P Error. In this situation
the distance to the reference is smaller than the last situation. Here we have to reduce the speed
and reduce the system inertia. So we have to use the vertical motor to generate a down force
(negative actuation). We see in Figure 6.7 that in this situation Velocity is VP and Error is P,
then the Actuation is N (negative).

With this rules and this groups we can place the blimp in a speci�c height. We see in Figure 6.6
the error group, this group has a dead band to avoid the continuous motor actuation.

In experiments chapter we will show how this regulator runs.Until this moment we have the
blimp, with electronic circuits, and the PC interface. Withthis chapter we can control the height.
Then, now, with this function we can turn on the blimp and it will go to the reference.

In this project we do not use the variance of the Kalman �lter,because we have few steps to
control the actuation for the motor. So if we have more steps we can make more precise the
control using the variance obtained from Kalman �lter.
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Figure 6.8: This image shows the behavior of the blimp in a speci�c situation. The Error is VP
and the Velocity is VP, so, as we see in Fuzzy rules, the necessary Actuation value
is Z
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7. Collision Avoidance

The approach described at the moment has been the blimp construction and height regulator. We
have the height regulator function to put the blimp in a speci�c height. We have functions in the
interface to move the blimp, but, if we move the blimp forwards, the blimp crashes with all the
obstacles that it �nds. For this reason we have to develop an collision avoidance system. With
this system we can move the blimp in an indoor environment where it �ies without collision.

To build an autonomous blimp we need sensors to get measurements of the environment. We
use a frontal ultrasonic sensor to avoid the frontal collision. This sensor is in the frontal side
of the blimp. With this sensor we get the frontal distance measurement. We use this sensor to
develop a regulator to avoid the collisions. In this chapterwe explain the sensor characteristics
and how the regulator runs.

7.1. Ultrasonic Sensor

We want to develop a collision avoidance system, so we need a sensor to get the measurement
of the frontal distance. We have some types of sensors to get the frontal measurement. We can
select an ultrasonic sensor, an infrared sensor or other light sensor.

We use an ultrasonic sensor similar to the altitude sensor. In this case we select a SRF10 ultra-
sonic sensor[16], because it is lighter and it has an I2C interface. I2C is a serial bus to connect
electronic systems between them. For example, we have the microcontroller and we can connect
lots of sensors using only two microcontroller pins. In thissituation the microcontroller is the
master and sensors are the slaves. So with this bus we can connect more sensors using only two
pins.

To connect this sensor to the microcontroller board, we needto put one resistor of 3k3 ohms
between each signal pin and 5V. The sensor can only work with 5V, so it is very important not to
use another work tension. We see in the Figure 7.1 the sensor pins that we have to connect with
the microcontroller board. We connect those pins to the correct ones of the microcontroller and
to the stabilized power supply.

To control this sensor we use the I2C bus. This bus uses a speci�c address for the components.
SRF10 has a pre-programmed address, but we can change it if its necessary. In our application
we use the factory address. We send commands using the bus to con�gure the measurement in
centimeters.
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Figure 7.1: SRF10 connections for the I2C bus. We see the power connections and data connec-
tions. SDA and SCL are the data connections to control the I2Cbus

When we send the instruction to get a measurement, the sensorcan not receive other instruction
until it �nishes the actual measurement. When the sensor is getting a measurement, we can do
other tasks in the microcontroller. Afterwards we get that measurement we can send it to the PC
board using the wireless connection.

This sensor has bigger ratio than the altitude sensor. We usethis characteristic to detect walls
when the blimp is close to them, but not directly in front of them.

Now we can develop the collision avoidance function, because we have a sensor to detect the
frontal distance. We can close the regulation loop using this measurement. In the next section
we will comment the solution adopted to solve this problem.

7.2. Collision Avoidance Function

In this chapter we have seen what is the actual situation of the blimp and we have implemented
an ultrasonic sensor to measure the frontal distance. We programmed the microcontroller to read
those data and to send them to the computer. So, as we have the data in the computer, we can
read them using the interface functions.

Using this data we know what is the frontal distance between the blimp and the obstacles. We
want to avoid the obstacles because the blimp must not crash with any object. For this reason
we develop a function to control the frontal distance. This function gets the control when an
obstacle is near to the blimp.

Like in altitude control functions, we can use many types of regulators, but we have to study
what regulators are good for our application. The problem isthat we do not have a linear system
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Figure 7.2: Collision Avoidance Rules. This table has the Actuation (A) values to avoid the
collision. We write by hand this table

and we can not obtain a model of this system.

So, in this section we use a Fuzzy controller to develop the avoid collision function. The idea
of this controller is to put the blimp in a safe distance from the obstacle, but using the control
of the inertia. Fuzzy controller gives us an index of speed touse in the horizontal motors. The
inputs are the frontal distance and the estimated speed. With this data the fuzzy controller gives
us an index of speed for the motors.

We saw in the last chapter how fuzzy controller works, now we will see the parameters that it
needs and the rules it uses in this regulator. We have the fuzzy rules in Figure 7.2.

We see in Figure 7.3 how the regulator runs. We will follow some examples to know how to run
this regulator. In the �rst situation, the blimp goes to the wall with speed V=VN and the blimp
has a VP error (near the wall). Here the blimp wants to crash with the wall but the collision
avoidance function takes the control and gives the motors a VP3 action. This means that motors
give the blimp an opposite force to avoid the collision, and,at that point, the power is the biggest
because this is the most critical situation to crash.

If we use this speed a long time the blimp acquire a big inertiaand it is impossible to stop it in
the reference. Fuzzy controller uses sensor data to controlthis situation. When the velocity is
N the blimp does not need the maximum power, so, we see in rulesthe new index necessary for
the control and this Actuation is VP2.

With those examples we show how the controller works and it iseasy to see that the blimp has a
small or null inertia when it is in the reference. In experiments chapter we will see the results of
this function.
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It is important to control the return value and to take decisions over the regulator. Normal
con�guration is not to run motors if collision avoidance system is running at the same time.
When the blimp is out of collision area, we can control the blimp with our control program.

Figure 7.3: Collision Avoidance Diagram. We see the blimp and an obstacle. The ultrasonic
sensor gets the measurement and Fuzzy controller avoid the collision
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8. Experiments and Results

The approach described above has shown how to built a blimp. We developed the necessary
software to control the blimp as well as two functions to control the altitude and collision avoid-
ance.

In this chapter we show the experiments for these functions.The main part of these experiments
is the comparison between PID and Fuzzy regulators. We want to know which is the most
appropriate to control the altitude of the blimp. Thereforewe have to design an experiment to
compare these regulators. The �nal section of this chapter is the collision avoidance function,
where we show how this function works. Finally, we present anapplication example which
shows the results of this function.

8.1. Height Control

The �rst experiment is designed to compare PID and Fuzzy regulators. We want to know which
regulator is the more appropriate to control the altitude ofthe blimp. We want to conduct these
experiments using the same conditions for both regulators.In the following these methods will
be described.

In the �rst experiment both regulators are tested alternating in environment 1. This experiment
was repeated eight times. So we got the information for theseregulators in the environment 1.
This environment is a corridor inside 79 building of Freiburg University.

When we got this data, we changed the environment and put the blimp in an environment 2 with
a lower temperature. This environment is the room of photocopier inside 79 building of Freiburg
University. This room has a door to go out of the building. We got the information for these
regulators in the environment 2. The idea was to reduce the in�uence of time and the changes of
the environment on the blimp. Using this con�guration we obtained the same perturbations on
the blimp for both regulators. So we can compare this two regulators.

8.1.1. PID Regulator

In this subsection we analyze the behavior of the blimp, while we apply a PID regulator to control
the altitude. We conducted 16 experiments to get the data forthis controller, eight experiments
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Figure 8.1: Behavior of the blimp when we set the goal position in 1 meter height. We use PID to
control the blimp. This experiment takes place in environment 1 (Figure 8.1(a)) and
in environment 2 (Figure 8.1(b)). We see a good behavior and low deviation in the
data of environment 1, but we see a bad behavior and big deviation in environment 2

per environment. The blimp starts from a quiet state on the ground and afterwards it goes to its
�nal position, which is �xed 1 meter above.

In Figure 8.1(a) we can see the results for this regulator in environment 1. The behavior of the
blimp is depicted in red. This graph shows the mean of the experiments. We see a good behavior
for the blimp. The deviation from the mean, shown in blue, is small. So the experiments have
similar results.

In Figure 8.1(b) we can see the results for the regulator in environment 2. The behavior of
the blimp is depicted in red. This graph shows the mean of the experiments. We see a bad
behavior for the blimp. The deviation from the mean, shown inblue, is big. So the experiments
have different results using the same regulator in the same environment. So if we change the
conditions of the environment we have to recalculate the parameters to obtain a good behavior.

8.1.2. Fuzzy Controller

In this subsection we analyze the behavior of the blimp, while we apply a Fuzzy controller
to control the altitude. We conducted 16 experiments to get the data for this controller, eight
experiments per environment. The blimp starts from a quiet state on the ground and afterwards
it goes to its �nal position, which is �xed 1 meter .

In Figure 8.2(a) we can see the results for this controller inenvironment 1. The behavior of the
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Figure 8.2: Behavior of the blimp when we set the position in 1meter height. We use Fuzzy to
control the blimp. This experiment takes place in environment 1 (Figure 8.2(a)) and
in environment 2 (Figure 8.2(b)). We see a good behavior and low deviation in the
data of both environments.

blimp is depicted in red. This graph shows the mean of the experiments. We see a small error
and good behavior for the blimp. The blimp does not show oscillations. The deviation from the
mean, shown in blue, is small. So the experiments have similar results.

In Figure 8.2(b) we can see the results for this Fuzzy controller in environment 2. The behavior
of the blimp is depicted in red. This graph shows the mean of the experiments. We see a small
error and good behavior for the blimp. The blimp does not showoscillations. The deviation
from the mean, shown in blue, is small. The experiments have similar results. So we have good
results in both environments.

8.1.3. Comparison PID and Fuzzy

Using the data obtained in the two previous experiments we will now compare the PID and
Fuzzy controllers. In Figure 8.3 we can see the behavior of the blimp in environment 1. We see
that the PID controller shows a better behavior than the Fuzzy. We got the speci�c parameters
for PID in this environment using the Ziegler-Nichols method. In environment 1 we see that PID
controller is slightly better than Fuzzy.

In Figure 8.4 we can see the behavior of the blimp in environment 2. In this environment the
blimp shows a bad behavior using PID. The blimp shows an oscillating behavior with a large
deviation from the mean. The behavior of Fuzzy controller issimilar in both environments. So
we see that the Fuzzy controller is more general than the PID controller. Fuzzy is not better than

43



8. Experiments and Results

 0

 0.2

 0.4

 0.6

 0.8

 1

 1.2

 1.4

 0  5  10  15  20  25  30  35  40  45

A
lti

tu
de

 (
m

et
er

s)

Time (seconds)

Goal
Fuzzy

Deviation Fuzzy
PID

Deviation PID

Figure 8.3: Behavior of the blimp when we use Fuzzy and PID controllers. This experiment
takes place in environment 1. We see a good behavior and low deviation in the data
using both regulators
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Figure 8.4: Behavior of the blimp when we use Fuzzy and PID controllers. This experiment
takes place in environment 2. We see a good behavior and low deviation in the data
using Fuzzy controller but using PID we see a big deviation and bad behavior
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8.2. Collision Avoidance

PID but is more general. Using a Fuzzy controller changes in the environment do not affect the
behavior of the blimp too much, and we do not need to change theregulator parameters. For
PID we have to recalculate the parameters to see a similar behavior for the blimp in different
environments.

8.2. Collision Avoidance

The goal of this function is to avoid collision with obstacles. We put the blimp in the corridor
and give it a horizontal movement. We see in Figure 8.5 the distance to the obstacles. The blimp
has not crashed in any moment.

When the blimp is very close to the obstacles, the collision avoidance system takes over control.
At this moment the horizontal movement controller is switched off and the movement of the
blimp is controlled by the collision avoidance system. Whenthe sensor does not detect obstacles
close to the blimp, the main controller takes over control again.
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Figure 8.5: Behavior of the blimp when it is in a corridor. We move it with a simple program.
The blue line is the safety distance for the blimp. We see the distance to obstacles
for the whole experiment.
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9. Future Work

In this thesis we described the complete process how to buildan autonomous blimp. We selected
a blimp, built the electronic boards to control it and developed the necessary software for the
microcontroller and the computer. Later we put sensors on the blimp and developed two basic
functions to control it.

Now we can develop software to move the blimp. We can move it more easy using these func-
tions, but we can do more tasks such as put more sensors on the blimp. In doing so the blimp
can get more data from the environment and with the appropriate software it can be more au-
tonomous . This is the reason why we have to incorporate more sensors on the blimp.

The �rst sensor which we can add to the robot is a compass. We can control the altitude with
ultrasonic sensor and we avoid the obstacles using the otherultrasonic sensor. The problem is
that we can not move the blimp in an speci�c direction, because it turns through the contact with
air. So, if we add a compass we can develop a controller for theorientation. We can assign a
direction and using the compass measurement as well as the horizontal motors we can move the
blimp in this direction.

The second sensor we can add to the blimp is a camera. The camera is light and we can use it to
get information from the environment. If we use this information we can get the position for the
blimp in an indoor environment.

Another possibility is to put two cameras. We can use stereo vision in the blimp to get distances
and create maps[31]. With this information we can get the position of the blimp. We can use
these cameras to localization and SLAM (Simultaneous Localization and Mapping)

When all these task are ready, we can get another blimp for outdoor environments. We can use
all these functions with the other blimp. We can put heavy sensors on an outdoor blimp, then we
can use it for a lot of different applications. In this outdoor blimp we can put a GPS to control
the position and navigation.

Later on we can implement an intercommunication system between different robots. We can use
some robots at the same time sending information to each other. For example send information
from the blimp to a wheels robot in a rescue operation. Another example is to send information
about the environment to wheeled robots.

47



9. Future Work
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10. Conclusions

In this project we developed the complete blimp. In the �rst chapters, we selected a blimp and
built the necessary hardware to control it. Afterwards, we developed the necessary software for
the microcontroller and the computer. With this software wecould move the blimp with the
computer.

Now we needed some basic functions in order to control the blimp more easy. Then we wanted to
develop two functions. The �rst was the altitude control function. The second was the collision
avoidance function.

When developing the altitude control function we had to select a regulator. We could choose
between a PID and a Fuzzy regulator. Then we made a comparisonbetween these two regulators
and found out that the Fuzzy regulator was more general regulator than the PID. We did not
change the parameters when we changed the environment and wegot similar behavior when
using the Fuzzy controller. When using the PID we obtained different behavior when we change
the environment. We obtained a big deviation between experiments therefore when we selected
the Fuzzy controller as a regulator for our functions.

Now we have the blimp running with these two functions. We canselect a altitude desired for the
blimp and the blimp goes in direction of its position. We can move the blimp using the collision
avoidance function and the blimp has not collision with the obstacles.
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10. Conclusions
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A. Components

In electronic circuits chapter, we saw how we designed the hardware for the blimp. We use
electronic components to build this hardware. In this chapter we will see what those components
are .

Table A.1: Computer board components

Reference Component
D1 diode 4148
C1 330nF Capacitor
Regulator1 7805
C2 100nF Capacitor
R1 330 Resistor
D2 Red LED diode
JP2 Jumper
JP3 Jumper
J2 Transceiver ER400TRS
P1 Conector DB9
C7 Tantalo 10 uF capacitor
C6 Tantalo 10 uF capacitor
C5 Tantalo 10 uF capacitor
C3 Tantalo 10 uF capacitor
C4 Tantalo 10 uF capacitor
U1 MAX232
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A. Components

Table A.2: Gondola board components

Reference Component Package
RS2 3k3 Resistor 0805
RS1 5k6 Resistor 0805
D1 Diode 3A BY251
C7 Capacitor 0,1uF 1206
C8 0,22uF Capacitor 1206
C9 0,1uF Capacitor 1206
Regulator2 78M05 Voltage Regulator D-Pack
RL1 330 Resistor 0805
LED1 Yellow LED Diode 0805
C4 0,1uF Capacitor 1206
C5 0,22uF Capacitor 1206
C6 0,1uF Capacitor 1206
Regulator1 78M08 Voltage Regulator D-Pack
R2 10K Resistor 0805
Q1 BC807 Transistor
C1 22pF Capacitor 0805
C2 22pF Capacitor 0805
Y1 Cristal 4MHz
U3 PIC16F873 Dip 28
R1 4k7 Resistor 0805
U2 74HC04 Dip 14
U1 Transceiver
U4 L293B dip 16
Fusible1 Fusible 2A N30
U5 L293B dip 16
Fusible2 Fusible 2A N30
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Table A.3: Miscellaneous

Component
LiPo Battery 11V 350mA
2 positions switcher
Servo Futaba Motor
Propeller
Blimp
Ballon Blimp
Ultrasonic sensor SRF05
Ultrasonic sensor SRF10
LiPo saver 9V
LiPo 11V Charger
Cable
Circuit board 0,5mm
Circuit board 1,2mm
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B. Electronic Board Plans
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