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1. Introduction

Robotic is the science that studies the design and conistnuat machines, which are able to do
human tasks. The word “Robot” comes from the theater fundiddJ.R. (Rossum’s Universal
Robots) written by Karel Capek (191[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 researcbhotics and robots are more and
more used in different tasks. There are for instance indlisobots, medical robots or mobile
robots as we see in Figure 1.1.
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Figure 1.1: Examples of an industrial, a medical and a mabbet

The field of research of mobile robotics studies how one caaterautonomous mobile systems,
how they can interact with the environment, and finally hoaytban make their own decisions.

All those things are possible when the robot has sensorsttmfgemation about the environ-
ment. In that way it can make decisions based on the measnrenidese sensors can measure
several characteristics and they can use many physica&ipian Examples of sensors are: laser,
ultrasonic sensor, thermal sensor.

Normally mobile robotics uses machines like cars or othatf@ims with similar characteristics.
The idea is to obtain autonomous comportment. Usually mabbotics uses wheeled vehicles,
because they are easy to control and have easy equationy@serd equations. However, they
have some limitations because they are fixed to the grouralrlproject we want to use a blimp
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as platform. This platform is more difficult to control thateeled vehicles because it is not in
contact with any fixed reference. But this characteristia bfimp gives us lots of advantages in
some applications.

If we think of a natural disaster, such as earthquakes, whe®lbots would have lots of diffi-
culties to move in this environment. For lots of reasons aaghround situation, their weight,
hidden victims. In this situation aerial robots can analywearea more fast than wheeled robots.
Aerial robots are not dangerous for the victims because dloayot have contact with the vic-
tims. Another idea is the 3D planes generation of buildirysyheel robot can not take the
complete plans. But a blimp can fly over the building and ebgacomplete map.

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

So we want build an autonomous indoor blimp. This blimp wél dontrolled using a ground
computer, therefore we need to develop all hardware andad@tnecessary. When the blimp
will be complete, we will develop two basic functions to amhthe altitude of the blimp and to
control the collision avoidance.

1.1. Objective

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

e Chapter 2: We describe the reasons to select the blimp. Fhasvery important point
because there are a lot of blimp models, but each of them fesedit characteristics and
is good for specific application.

e Chapter 3. We explain the electronic circuits which continel blimp. This is the interface
between the blimp and the computer. We need little weighti@mgl range of signal

e Chapter 4: We describe the firmware for the blimp. In the blimghave motors, sensors
and electronic circuits and we need a program to operatetigtim and the computer.

e Chapter 5. When the blimp is running, we need to control ihwtlite computer. We are
using Linux, therefore we need a driver to control the PC th@ath Linux. In this chapter
we describe the interface to control the blimp with the PC.

e Chapter 6: We have the blimp and we can control it with the Ptthat point we de-
velop some functions to simplify the control. In this chapte explain the height control
function. With this function the blimp controls its heightttvour reference.



1.2. Related Work

e Chapter 7 : We describe a second function. This functiondsvtiie frontal collision
between the blimp and obstacle. We send the distance axtuatihe blimp and when an
obstacle is found, this function controls the horizontalveroent of the blimp .

e Chapter 8: In this chapter the results obtained from the raxjats are presented. Fur-
thermore we can see the comportment graphics for the lastiéms in a real situation.

The final chapters has the conclusions and visions for futon.

1.2. Related Work

Recently, several authors have developed robotic systasedlon blimps and studied appropri-
ate control paradigms. Kantor and colleag[28} discuss the use of solar energy as a renewable
source of power for airships using an outdoor blimp. Elfes @wileague$27], based on typical
mission requirements, present arguments that favor pgsvier airplanes and helicopters as the
ideal platforms for such missions. Emmanuel and collea¢8#sfocus on flight control and
terrain mapping issues for the cooperation between gronddarial robots.

Other authors use blimps in indoor environments. Motoyanthalleague$29] designed an
autonomously controlled indoor blimp and an action-valuection for motion planning based
on the potential field methd@®8]. They evaluated its effectiveness in a simulated enviraime
Geoffrey and colleagud4 9] used a commercial indoor blimp. They concluded that theoadrt
motor was severely underpowered in the teleoperated emagat. They used a commercial
wireless board to send the measurements of the sensorsdootlved computer and a separate
board to control the motors. Hydrogen and Helium were usédctease the payload capacity.
In this thesis, we use the same type of blimp, with a differentical motor. We use a more
powerful motor and a big propeller to control the altitudes Wiévelop a specific board to control
the motors and sensors, which is significantly lighter theairtsystem. Thereby, we have more
payload capacity to use for additional equipment. We onby idslium, because Hydrogen is
flammable and dangerous in indoor environments.

An important problem for blimps as well as for mobile robatsgeneral is obstacle detection
and collision avoidance. Green and colleagl#g used an infrared sensor to detect obstacles.
When the collision avoidance system detected an obstaelé]imp turned 180 degrees to avoid
the collision. Their collision avoidance system did nottcohthe inertia of the blimp. In this
thesis, we use an ultrasonic sensor to measure the dis@apodential obstacles. We use this
distance measurement in a Fuzzy controller to avoid theaolast

An important control problem is the automatic adjustmentha altitude and the horizontal
movement. If the blimp is in a specific altitude, we can movia i horizontal plane. Kadota
and colleaguef34] used PID controllers to regulate the altitude and the hat@anovement of
the blimp. They argue that the trajectory of the blimp wadalnle in the vertical direction. In



1. Introduction

this thesis, we use PID and Fuzzy controllers as altitudelaég's. We evaluate the performance
of the developed control systems using those regulatosgardifferent environments.



2. Blimp Selection

In this chapter we will describe the kind of blimp that we wifle for this project. There are two
different types of blimps. We can buy an outdoor or an indaw.dOutdoor blimps are bigger
than indoor ones. They can fly at outdoor environments and havig capacity of payload.
Opposite to this solution are the indoor blimps. An indodmipl is small and can fly in a
corridor or room. We want use the blimp in indoor environnsesb we select this type.

There are lots of types of indoor blimps. We can select betwke smallest blimp,30 cm of
length, and the biggest blimp, 2 meters length. A big blimp mere payload capacity, but we
have to check the balloon weight, because balloons are iilowlitln the same materials.

The goal of the project is to build an autonomous blimp. Thisp will be controlled with a
ground computer, using a wireless communication. Then we t@aput electronic boards (to
control the blimp), sensors (to get the measurementsgrizgt motors (to move the blimp) and
a lot of components more inside the blimp. We have to checktiimgs 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 seleblimp. Our autonomous blimp is
for indoor environments, so we have to check charactesisscsize, maximum payload capacity
and motors distribution.

Before we start to describe the selection criteria, we haveee the actual situation of the
market. In the market we find a lot of types of blimdsl] [2] . Two important items to make

the classification are payload capacity and distributiogarsfdola motors. The first point is the
most important because it tells us how many grams we can géyido the balloon. The size
has influence on this payload capacity, because if the bailtobig we have more capacity than
if the balloon is small. But this is not all, because we neelrtow 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 bakboal a gondola independently.
Gondola has the motors and space for the hardware. The nuigbribution is important to
make more easy the control of the blimp. So we need a goodbdistm to get a good control.
We have to check these points to select the blimp:



2. Blimp Selection

e Size: we have to check this point, because we have to achieataace between this one
and the other points. The blimp is for indoor use, so it haseterball to fly for corridors
and rooms with obstacles. Another question is the capatitie use a bigger blimp, we
will have more capacity of payload.

e Maximum payload capacity: this point is very important, &ese it determines how many
weight we can put into the gondola. Helium is less dense tharair. The density of
helium is 0.126 kg/l. So if we put helium inside the ballodme balloon flies. Another
option could be use hydrogen, because it allows more cgpadit it is very dangerous,
because hydrogen is inflammable. This is the reason becaussahelium.

e Mechanical control system: we can select between severdslof gondolas. There are
two main groups:

— Two motors and one servo: This gondola has two motors forylsam. The servo
can spin the motors, so if we turn the motors we can regulateettical propulsion
and the horizontal movement. The problem of this distrinutis that we can not
separate the height control from horizontal movement contr

— Three motors: This gondola has a vertical motor to regulaettitude of the blimp
and other two motors to rotate the blimp. With this solutioa @an control the
altitude of the blimp independently and the altitude cdnprogram is more easy.

2.2. The Selected Blimp

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

We start with the balloon selection. We searched in sevéigbsto compare balloon sizes.
After this process we conclude that to obtain a 144 grams yibpd capacity, we need a 52"
balloon made of a light material. We think that this capatmtythis size is good. This capacity
is the balloon capacity, without gondola and motors. So wexted the plantraco blimp, with a
52" balloon as we see in Figure Z.21] [3]. With this size we can use it to fly in a corridor with
people and enter in rooms through a door. Definitively, tlaikodon satisfied our needs.

This blimp has a tri-turbofan gondola. With this distritmurtiwe have a vertical motor to regulate
the altitude and two motors to control the speed and theiootaif the blimp. This gondola
[Figure 2.1] uses tree light dc motors, so it is very appiaerifor our application. The vertical
motor has few power, but we change it for a DC motor with a Faia®03 servo motor. We put
a big propeller on this motor and now we have the necessargipcontrol the altitude. With
this changes the gondola weighs only 70 grams. We have 74sdramfor hardware.
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Figure 2.1: Tri-turbofan gondola selected. It has righti &d vertical motors. We use the
vertical motor to control the altitude and lateral motorsctmtrol the horizontal
movement

Figure 2.2: Complete blimp selected. The ballon has a siZe2bfand 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 monveathave a balloon with 144
grams of load capacity, and a tri-turbofan gondola. The fateid 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 systengsare going to use to control the
blimp. We have to select which elements put into the gondothvehich ones into the ground
PC, in order to control the blimp.

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

e we need to control the motors speed, because we can not Ictir@rblimp using only
maximum speeds. Then we need a speed regulator for the m@tersise a big vertical
motor. We can not connect this motor to the original board.

e we need a good range with few weight. We can not implement aelegs communica-
tion with a wireless access point, or a wireless router bezave have only 74 grams of
capacity. Then we have to select a lighter component to nflekedmmunications.

e we need a bidirectional communication to receive data frieentlimp. The idea is send
data from the PC to the blimp and backwards, because we ndedes doop, to control
it.

So we had to design an specific board for this applicationalme the commercial boards do
not satisfied our necessities. In the next sections of thptehave will describe the functions of

the circuit parts. We need two boards, one for the gondolhaanther one for the PC. With this

distribution we complete the hardware part.
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3.1. Gondola Board

3.1.1. General Diagram

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

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

Powe I =1
Source 2

Motor Drivers

EI‘I”—

Microcontroller

Wireless

U'I”i

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

All diagrams blocks will be explained afterwards, in thispker. 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 weausi®o battery with 11 volts.

This voltage is high for the electronic components, for teeson 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 fodifferent parts of the circuit. We can
see the power source in the Figure 3.2. We connected thebatith the switch in the JH24
and JH28 holes.

REGULADOR2
_ JLIEDRTOEZD

VIN YouT

=]
=
[ ]

D.1u I 0.22u o '
|
[ ' ]

JHZE

Figure 3.2: Power source diagram. The left side shows thiag®lsensor. The central side
shows the lineal regulator. The right side shows the comtkdD, if it is ON the
blimp is ON

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

The diode D1 is to 2A and we use it to prevent the possible pplarversion. It is to protect the
circuit. The 3 condensators and the regulator 7805 prowieé&Y source. RL1 and LED1 show
if the switch is turn on or off. When the yellow LED is ON therlp is running.

The other power source provides 8V, for the camera. The ealicdiagrams 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 circhiéis 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 frommiceocontroller to 5V. This
configuration removes the external reset interruption enrtficrocontroller. C1, C3 and Y1 are
the oscillator to the microcontroller. It is fixed to 4MHz.

11
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The microcontroller is a PIC 16F813], the technical characteristics are in the microchip web.
We select this microcontroller because it has USART, anptits, and 12C ports. We need this
peripherals for the blimp control. The rest of connectiore iaputs or outputs to sensors or
other parts of the circuit. The SDO/SDA ports can be used amadnput/outputs. These ports
are designed to connect an 12C bus.

[
o

) L= 3
Senmot 1] i H
51 3= el ] 1
3 vl e
i 2 22 4
== 24 =4
o .1 7231 =01 -
C ; - EE EA_'L Ourtpart
1 01| ER 21 55
Zip 7. e IE]
1 :; 2 |11 g =
¥1 I ] o
0 lI l;l ZTA Camars 4 i - [18 ?ﬂ

o2 FIC1EFETE

Figure 3.3: The microcontroller is the brain of this boarde ¥ée the oscillator and the connec-
tions with other devices

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

e We have |1, . . . ,I6 outputs to control the motor drivers.

e RX and TX are connected with the wireless module, RX is theivec input and TX is
the transmission output.

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

We use SDO and SDA to read the ultrasonic sensors.

Outputl is not implemented.

12
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3.1.4. Motor Drivers

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

JHT2
HEADER * i T4 = —‘
7 15 T
- 1 HEADER 1

4 [ L]
L L ] z
s + ;
H14 o 1 i 1 Flaid
| : I S S A Ll
[E] T e 017
. CHR S | L2 )
HEADER » FUSIBLE1 HEADER
o

Figure 3.4: Motor drivers circuit. We see the driver (L2928 the fusible to control the current

We can control 3 motors with 1A per motor. The blimp motorsdl@&a300 mA per motor. We
put a 2A fusible in the power input of drivers, to protect irfr overload. We set the enabled
input of all channels that we use. The enabled inputs areitfeelpand 9. Every side of the
integrated circuit controls one channel. The pin number Béspower supply and is used to
move the motors. The pin number 16 is the logical power syjipkyused only to compare the
voltage levels from the microcontroller and set or cleargbeer outputs. The Headers are the
connections for the motors.

3.1.5. Wireless

We want to connect a personal computer with the blimp. Far tbason we need a wireless
circuit (Figure 3.5). For the blimp we select a ER400TRSdcaiver. This is a serial wireless
modem that works in the 400 MHz band. This circuit has a speadntunication of 19200
Bauds, in the air. The communication with the pc is of 19200@dsabut we can change it. The
other part of the circuit is the 74HCO04 that we use as a butbeprotect the transceiver. The
communication with the microcontroller is with TX and RX pin

13
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JH2

 H -. Ant
_|_—‘ RF GND
antena =
0
o2 4 4 ;4{“.0
n_—; 4 . —
O0—=— 4 + =
] I —i
i3 + - o] =T % | BSY
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= 4 4 = = =00
t0! — R
L sy Tg | ROV
e
?IJ Transceiver

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

3.1.6. Battery

The choice of the battery is very important for this projdxecause this element is very heavy.
We need a very light battery and a lot of current. For thisgubjve select a new type of batteries,
the LiPo batteries. Lithium Polimeter batteries are baseal mew technology. They satisfy all
our needs. They have a small weight and a lot of current cgpadie select a 350mA LiPo
Battery (Figure 3.6), because it has weight of 35 grams arahitsupply 3A as max currelf].
This battery provides 40 minutes of autonomy for the blimpe 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 teato turn off the load if we do not want
to damage the battery. We use a commercial circuit to cottieloltage level (Figure 3.7). It
is for 3 cells batteries, then it turn on the led when the Ipattas the critical level (9V).

At this moment we have all hardware to control the blimp (withsensors). The weight of

14
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Figure 3.7: LiPo Saver for LiPo batteries of 11V

gondola hardware is 20 grams and LiPo battery is 35 grams1 Waehave 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 tabeild other wifi board for
the computer. You can see in the Figure 3.8 the general diafpathe PC board. In this small
board we have three parts. The first part is the power souraewe need to supply current to
the board integrated circuits.

Power e Serial
Source Interface

v o ] | szour

0

T

e Wireless

oi—

Figure 3.8: Blocks diagram for the PC board

Another block is the serial interface, that we use to contieetoard to the PC. This block is
only an interface and its mission is to change the voltagel$dvetween the PC and the wireless
module. The last part is the wireless module. We use thisklitbsend and receive data between
the blimp and the computer.

15
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3.2.2. Power Source

The power source has the mission to supply 5V (Figure 3.9)s iBhthe voltage necessary to
supply the electronic components of the circuit. We use a 8\eby as power supply for the

circuit. This is the reason because we need the regulaterdiHigram is the same to the Figure
3.2 without voltage level sensor.

REGULADOR1
D LTEDETOZ20

I ' i vouT [y
DIODE = a1 = = oz A1
JP1 =
; 230 3 ; 100n 3
— 1 "0 "0
< ] oz
HEADER 2 | w LED
’7 3
Lo

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

3.2.3. Serial Interface

This circuit (Figure 3.10) changes the voltages levels betwwireless module and the computer
serial port. The reason to use this interface is that we havElLavoltage in the wireless side,
and we have +12V, -12V voltage levels in the serial PC portwdfconnect directly the wifi
board to the serial port, the wireless module could get damag

We have two parts in this circuit:

e Serial Connector: this is a DB9 connector, for a 9 pins spoal. The most important pins
are the numbers 2 and 3. These pins have the serial infomrfadim/to the computer. The
pins 7 and 8 are used for Handshaking flow control. But we daisetthem. To connect
this board to the PC we can use a serial cable if we have a ganifin the PC, or a
serial-USB converter cable if we only have USB ports free.

e Serial driver: We use a MAX232N driver (Maxim driver). Thisiver uses 5 Tantalio
condensators to run. It provides us 2 serial channels.

16
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L F
oy
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Figure 3.10: Serial interface diagram. We see in the le& #i@ 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.Thjs transceiver is the same that
we have in the gondola wireless module (Figure 3.5). We n&eo Supply the transceiver. The
antenna is connected to pin 1 and we send the data for this pin.

JH1

L] NT . JF2
BEGND : 25y 1 2 ROY
<
HEADER 1 EER i JUMPER
B
3 JP3
: T2IN 1 2 R2OUT
ZHD :
- JUMFER

Tranzoaiver

Figure 3.11: Wireless transceiver and jumpers to conficwestror protocol

Jumpers are the other important part of this circuit. Witbsts jumpers we can activate the
Handshaking control flow. If we connect the pins number 1 wifamper and the pins num-

ber 2 with another jumper, we activate the handshaking ehrand we have to configure the

transceiver and the computer to use it.
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4. Firmware

By now, we have selected the blimp components and build editednic parts. We have made
the mechanical and electrical part. But the blimp still cahdo anything. So in this chapter we
will describe the algorithm developed for the microcor@ol This software controls the motors,
takes the measures from the sensors and sends them to theteamp

This chapter and the next one are very important, becaugefpdain how to control the blimp
using a software when we will have an appropriate progranmennticrocontroller. The com-
puter program send control data to the microcontroller. flineware controls the blimp using
these data. We use the computer wireless board to sendciti@tisito the gondola, then the mi-
crocontroller reads these instructions and moves the mdtitlis necessary. In other hand, the
microcontroller gets the sensor measurements and semddgdtiee computer board. These data
are received and processed at the computer. With thesehdataiinputer takes new decisions
about the gondola motors.

4.1. Algorithm

At Figure 4.1 we can see the firmware algorithm. This prograrmto the microcontroller,
inside the gondola. The program controls the motors and dgts from the sensors. It has
several parts. All this parts are typical in microcontrolleograms. We describe in this section
the purpose of everyone important block.

The Serial Port Interruption Configuration block configuties call to Serial Port Interruption
Subroutine. This subroutine processes the serial datéveglcen asynchronous mode. We use
interruptions to read the serial port, because we can dhantatsk when we do not receive data.
When one data is in serial buffer, the interruption flag isas&t we can read and process this
data and use it in our program.

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

The next blocks run when the condition is true. We use onelbito synchronize the sensors
measurements and data transmission. It is not possible tmaksensors measurement at the
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4. Firmware

same time. We need a delay to avoid the interferences betthese sensors when they are
making a measurement. This is the reason because we waitdietone measurement of one
sensor and the next measurement of the another one.

We have two ultrasonic sensors. One uses PWM control sigagidal sensor). The other one
is connected to 12C bus. To use the PWM sensor we have to ttimraneasurement process.
We send an activation command to start the measurementrwaftgs we count the time that
we are waiting for the end measurement command. This timeoptional to distance. With
I12C sensor we send an activation message. Then the 12C ssasisrto measure. We can do
other tasks in our microcontroller program while we are ingifor the measurement. When the
measurement is ready we call to Read Measure Frontal Sensdidn and we get the distance
in centimeters.

When it has the information, it is sent to the computer usingraless connection. With this
chapter we finish the job with the blimp. Now we have to develepsoftware for the computer.
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4.1. Algorithm

Variables Declaration
Ports Configuration
Start Variables

12C Configuration
AD Port Configuration
Serial Port Configuration

i

‘ Serial Port Interruption configuration ‘
\
¥

‘ Detect Senial Port Error ‘

i

‘ Motors Control (PWM) ‘

}

‘ Counter Height ++ ‘

Counter Height=10

Yes

Height measure
Send Height
Counter Height=0

Counter Height=4

Yes
‘ Set Frontal I2C Sensor Measure ‘

Not -
Counter Height=9%

Yes

Read Measure Frontal Sensor
Send Measure by Serial Port

Figure 4.1: Algorithm programmed in the microcontrollehid’is the firmware that controls the
blimp. When we start the microcontroller the program starthie first block. This

algorithm is an infinite loop
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5. Driver

In the first chapters of this project we have described thevhare construction. So now we
have a complete blimp. We have the hardware to control themmand to get the measurements
from sensors. We developed the software for the microcheitydéo use the instructions that the
computer sends to it. And the microcontroller sends the@smeeasurements to the computer.
Then at this moment we need develop a software for the compgeause we have to send
the control instructions for the blimp. To develop this safte we need a driver to use the
transmitter board under Linux. In this chapter we will dédseithe Linux driver.

To use the computer board we developed a Linux driver. Thiedis an interface to control the
blimp. We can develop a software using this interface torobttie blimp. With this interface we
have functions to control the blimp motors and read the senseasurements. The transmitter
board is connected to computer by USB port. We use an USB-R&#8/erter to connect them.
As technical information we would like to mention that tramtier board uses 8N1 to 19200
baud protocol.

When this chapter had ended, the blimp making will be finiskhedwill have all necessary tools
to move the blimp. Then we will be able to develop softwaredotml the blimp. But if we
want to build an autonomous blimp, then we will need to dgvelsoftware that allow the blimp
to do it. To make this easy we will need a minimum number of fioms 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 bodtds communication is complex
and we can not develop software if we have to control the sydtections in our program.
For this reason we develop a generic interface to give thgranomer a package to control the
blimp. With this interface the programmer does not need trobthe serial port characteristics,
or the communication protocol between the blimp and the ederp

Next sections give programmers a guide to know what funstaye implemented and how these
functions are. The interface has ten functions easy to us&e3hink that the programmer can
develop a software to move the blimp using this functionsim minutes.

Regard to the Linux system configuration, we need a seridlgvailable and it is very important
give the appropriate permission for the serial port. Thastigical error when a new programmer
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5. Driver

develop software for the blimp and this one does not run. Weedhis problem typing this
command as roothmod 666 ttyUSBD the board is connected toyUSBOport.

5.2. Serial Port Functions

We need to control the serial port to send information to tiveless board21]. For this reason
we have 2 functions to control it. This functions are impotthecause we need the serial port
identification to use in our program. With this identificatiove can write in the serial port
system file and send the necessary information to move thwblirhe second function close
the serial port system file to finish the communication.

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

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

e void close_port (int fd)

This function is used to close the serial port. We use therédstence.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 informatam the blimp. This infor-
mation comes from the sensors. The firmware uses the semgbsead to computer board the
measurements to be process by our program. So we need fumtdioead this information and
use it in our programs. That is why we have three functiongaal the blimp information:

e int get voltage(int fd,double *destination_time)

This function give us the battery voltage. The parametegstiae serial port reference
and the pointer to save the measurement time. The reture ighn integer with battery
voltage.

e void get_height(int fd,double *value_destination,ingtfldouble *destination_time)

This function give us the blimp altitude. The parameterstlageserial port reference, the
pointer where we will save the result, a pointer to save a fiagsamother for the time. The
returned altitude is in meters. The flag tells us if this measinew or old.

24



5.4. Movement Functions

e void get_front(int fd,double *value_destination,int tldouble *destination_time)

This is the last function to read data from the blimp. The pei®rs are the same than
last function. In this case we read the frontal collisiortalige. 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 frorsehsors. For this reason we
need new functions to control the motors. We can control tmepr three motors at same time.
These functions send the desired speed for the motors.

e void motor_left(char speed,int fd)
This function controls the left motor. The first parametehsmotor speed, this parameter
is between -12 to +12. With this parameter we can turn the matéwo directions.
Positive values moves forward. Negative values moves bacday The other parameter
is the serial port reference.

e void motor_right(char speed,int fd)
This function is like the last function but this one manadesright motor. We can turn
the blimp or move to front or back if we combine this two fuocis.

e void motor_up(char speed,int fd)
This function controls the vertical motor. It is like the ethtwo functions but the speed
range is -14 to +14. Positive values move up and negativesahove down the blimp.

e void motor_left_right(char speed_|I,char speed_r,int fd)
This function is used to control the horizontal motors atsbene time. The parameters
are the same with the same ranges.

e void motor_left_right_up(char speed_l,char speed_rammeed_u,int fd)

This is the most general function. It can control the thred¢amsoat 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 controllimplhvith the computer. Therefore
we have built the hardware and implemented the electrorsiteBys for the control. Afterwards
we developed the firmware for the microcontroller and so wesend and received data from
the PC.

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

For this function we need the current altitude of the blimpe Mge an ultrasonic sensor to get
it. Once we have the measurement, we correct the error oetleos with a Kalman filter, and
obtain the estimated height. Kalman filter uses the chaiatits of our sensor, our dynamic
model for the blimp and the previous measures. Kalman filiezsgus the blimp estimated
altitude in each moment. As soon as we know the altitude dblingp, we can apply a regulator
to control the altitude. We can control the motor and moveblivap to the specific height. For
this control we compare two controllers in order to genettageactions for the motors.

6.1. Ultrasonic Sensor

If we want to build an autonomous blimp, we need informatibowd the environment. For this
task we use an ultrasonic sensor. We use a SRF05 sEif$psee Figure 6.1, to measure the
distance from the blimp to other object in the bottom. Usimg sensor we implement a height
regulator for the blimp. This sensor has 1 mm resolution,asnhall 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 mdiede 1 uses 2 pins for the con-
trol. Mode 2 uses only one pin for the control. We use mode B eiingle pin for both, Trigger
and Echo, connections. Therefore we can control the sessitg a single microcontroller pin.

Using mode 2 we have the next control signals (Figure 6.3¢ Triigger pulse starts the sensor
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6. Altitude Regulator

Figure 6.1: We see an ultrasonic sensor SRF05. We used it th@eneasurement of the alti-
tude. This sensor weight 10 grams

measurement (the microcontroller pin is an output), thisehas 10s of minimum duration.
Then we configure the pin as an input. We have a high level th@iheight measure is over,
then we have low level on the microcontroller pin. This sens®s a PWM connection to give
the measurement to the microcontroller. The time that tmaection is high is proportional to
the distance, so we use this value to obtain the altitude altulate this distance we use

tmeasure * 5 (6 1)
2900 '

and we obtain the distance in meters. This equation wasd@atavith experiments and datasheet.

distance =

We make some experiments with the sensor to obtain the dbastics. We get measures with
the sensor at different distances from a wall. With this deteobtain the statistic parameters
which are necessaries to characterize the sensor. We geteitia of the variance. The sensor
is characterized by e s0r = 1.15mm.

We want to measure the height. Sensors are imperfect andureeagth noise. We want to
estimate the height of the blimp to reduce the errors in thesmement. For this application we
use a Kalman filter.
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6.1. Ultrasonic Sensor

Sv Supply

Trigger Input, Echo Output
O Ground
O Ground

Figure 6.2: SRFO5 connections to run the sensor in mode 2 thig mode we use a single pin
of the microcontroller to control the sensor

SRF0S5 Timing Diagram, Mode 2

Trigger pulse Echo pulse - 100uS to 25mS. Times
10US Mininum out after 30mS if no object detected

Trigaer pulse
input to SRFOAS
and Echo pulse

output to users
cortraller g cycles off
sonic hurst

Uttrasonic burst
transmitted

from SRFO5

Colour Codes
Blue - Users controller drives the TriggerEcho pin
Fed - SRF05 drives the Triggerfecho pin

Figure 6.3: Control times for the ultrasonic sensor SRF05
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6. Altitude Regulator

6.2. Kalman Filter

As we described at the beginning of this chapter, we want tathpaiblimp in a specific al-
titude. To make this task, we need to know the height at eaaiment Therefore we put a
sensor at the bottom of the blimp. Sensors are not perfedhaydjive us wrong measurements
which we have to correct. For this reason we use Kalman fi#@r, because we can get better
measurement using it .

The Kalman filter is a set of mathematical equations thatigesva recursive solution of the
least-squares method. The goal is to find unbiased minimurange lineal estimator of the
state at time with base in available information at tinte— 1 and update with the additional
available information at time that estimator. This filter is the principal algorithm toiesite
dynamic systems specified in state-space form.

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

iy = Agpy—1 + Biuy, (6.2)

where ji; is the state model for the actual momeHt, is the conduct matrix for the system
dynamics or state matrix, anlu, is the actuation vector.

Kalman filter algorithm uses two cycles, propagation cyal@ actuation cycle. The propagation
cycle obtain the new state using the values that we have inlynamic system model. In the
second cycle we use the measure, and we estimate the neveséadmpfor the blimp. We have
an interactive algorithm, and it actualizes itself continsly with the new measurements.

The algorithm uses as inputs the last state vector, the covariance matrix of the system model
3:_1, the actuationy;, and the new measueg. At first we have to assign to this inputs initial
values. Next equation calculates the estimator covariait@ut the measure

Y= A% A 4 Ry, (6.3)

whereR; represents the noise of the system model. We are using tlameamatrix of the last
stateX’; 1. Now we have the new variance of the state equation, but wetloave used yet the
new sensor measurement. For this reason we use other symebalse:; is not the definitive
variance for the time.

Now we calculate the Kalman filter gain with this equation

Ky = 5,C7(CZ 07 + Q) (6.4)
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6.3. PID Regulator

whereQ; is a doubt vector for the sensor. Gain makes the error covaiaf the new state

estimation minimum. It specifies the weight of the measurdnie the new estimated state.
Now we can use the measure to correct the result obtainedtigthystem equations, and for
this goal we use the next equation

pt = fix + Ki(zt — Cyfty). (6.5)

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

S = (I — K,C)%y. (6.6)

So when we apply the filter, we obtain the altitydeestimated for this time and the new value
of the covariance matrix;.

In this section we estimate the height using Kalman filterwNee have to apply a regulator
with this measurement to control the vertical motor and peattilimp in the goal altitude.

6.3. PID Regulator

Finally, we have all the necessaries parts to make the @dtitegulator. We can control the
blimp with the computer and know the estimated altitude ler blimp. So we have to select a
regulator type. The first idea is to select a PID regulatocabee this is a typical regulator for
lineal system¢34] [10]. It can erase the error of the system. We see in Figure 6.4ph doa
the closed loop system. In this graph we see the height oflitmp b This height is measured
using kalman filter. We compare this measurement with théawathe difference is the error.
We want to erase this error or minimize it, for this reason we the controller. The controller
send the actuation commands to vertical motor. This motaresithe blimp to a new altitude,
but this altitude is function of the environment perturba. So we can calculate a controller
for a specific environment with specific perturbations.

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

P = Kpe(t), (6.7)

where K, is the proportional constant. Using this component we mbeellimp fast to the
goal, but can not erase the error. The Integer component is

I =K, /t e(t) dt, (6.8)
0
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6. Altitude Regulator

where K; is the integer constant. In this component we store the.efiois component erase
the error, but insert oscillations in the behavior of therigi The derivative component is

de(t)

D =K
d dta

(6.9)

where K, is the derivative constant. This component is function efdiror change. When the
error changes this component generates the actuationrectdr We use the error in the last
state and the error in the actual state to calculate thetiarialsing this variation we create a
new actuation proportional to correct the altitude. So thmmlete regulator is function of the
error. We have here the complete equation

de(t)
dt -’

t
PID = Kpe(t) + K; / e(t)dt + K (6.10)
0

We see in the Figure 6.5, what is the effect when we add one aswwanent. The proportional
component moves quickly the system near to the referencethBucomponent can not erase
the error. We add a Integer component. This component ethsesrror, but increases the

oscillations. The third part is the derivative part, whenapply this component we reduce the
overshoot.

We have to calculatd(,, , K; and K; components. We need a mathematical model for the
system to calculate this parameters. We can not model thensyso we have to estimate those
parameters using experiments atidgler Nichols methofLg]. The problem is that we have to
recalculate the parameters when the environment or blimgitons change.

Perturbations j
+ Height

+
: Error Actuation

Input altitude .

(Rngfferenoe) . Controller Blimp . >

Kalman

Figure 6.4: Closed loop to control the blimp. Kalman filtet tfee measurement of the height.
The error is the difference between the reference and the#&ameasurement. We
use the controller to drive the vertical motor and minimize error. The perturba-
tions are the problem because we can not control them
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Figure 6.5: PID comportment. The first graphic shows theesgstith Proportional component
in the regulator PID. The second graphic shows the effectl @o”mponents. The
third graphic shows the complete PID regulator controlling system

6.4. Fuzzy Regulator

We also can select an other more generic regulator. Thisategus a Fuzzy regulator. Fuzzy
uses the knowledge that we have about the system. This tegiganot exact but is more

generic, because we do not need to recalculate the paraméten the environment changes
[33].

Fuzzy logic uses Fuzzy groups to model the system doubt. Tbwlkdge representation is
modeled under rules. So we have to select the variables #haeed for control the blimp. We
use the height and the estimated speed, because we wantrol toa inertia. This is the main
advantage respect the PID controller, because we use twables to control the blimp, and
PID uses only one. So, we see in the Figure 6.6 the Fuzzy groMpsise the estimated speed,
the system error, and the actuation on the motors. This taspgs the output for the regulator.

Now we know the variables to use, we give them operation galldden we build the Fuzzy
rules. With this rules we calculate the speed of the motoessi¥é the Fuzzy rules in Figure 6.7

We will see this problem using two random situations andgusiite images of this chapter, to
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VN N z P VP
1
a Velocity
VN N z P VP
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0 Error
Ll v ww z P VP VP2 VP3
-4 -3 2 10 1 2 3 4
Actuation

Figure 6.6: Fuzzy Groups
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Figure 6.7: Fuzzy rules. This table gives us the Actuationiiidunction of the inputs, Error (E)
and Velocity (V). We write this table by hand
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6.4. Fuzzy Regulator

know how this regulator works. In the Figure 6.8 we see thajblithe ground and the control
variables. In the right side we havg., this value is the height reference. We want to put the
blimp in this height. TheZ variable is the estimated height using Kalman filter. In $ifie we
see the other variables sensed.

The first example is a situation where we have VP Velocity dwedHrror is VP. This situation

means that the blimp is far from the reference and the reterenover the blimp. The velocity
iS maximum in positive direction. So we do not have to actuateghe system. We see this
situation in the fuzzy rules (Figure6.7). We see VP in Vdlpeind VP in Error, so the value is
Z for the Actuation. We can follow this example with Figur&.6We do not have to actuate on
the system.

Afterwards, we have a different situation. We have VP Vdip@and P Error. In this situation
the distance to the reference is smaller than the last isituatiere we have to reduce the speed
and reduce the system inertia. So we have to use the vertmal to generate a down force
(negative actuation). We see in Figure 6.7 that in this 8anavelocity is VP and Error is P,
then the Actuation is N (negative).

With this rules and this groups we can place the blimp in aifipdwight. We see in Figure 6.6
the error group, this group has a dead band to avoid the cmutghmotor actuation.

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

In this project we do not use the variance of the Kalman filbecause we have few steps to
control the actuation for the motor. So if we have more stepscan make more precise the
control using the variance obtained from Kalman filter.
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6. Altitude Regulator

ref

Figure 6.8: This image shows the behavior of the blimp in aifigesituation. The Error is VP
and the Velocity is VP, so, as we see in Fuzzy rules, the nagegstuation value
isZ
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7. Collision Avoidance

The approach described at the moment has been the blimpudimt and height regulator. We
have the height regulator function to put the blimp in a siiebieight. We have functions in the
interface to move the blimp, but, if we move the blimp forwgrthe blimp crashes with all the
obstacles that it finds. For this reason we have to develomkisian avoidance system. With
this system we can move the blimp in an indoor environmentre/hidlies without collision.

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

7.1. Ultrasonic Sensor

We want to develop a collision avoidance system, so we needsosto get the measurement
of the frontal distance. We have some types of sensors tdvgdtdntal measurement. We can
select an ultrasonic sensor, an infrared sensor or otH#rd&nsor.

We use an ultrasonic sensor similar to the altitude senadhid case we select a SRF10 ultra-
sonic sensof16], because it is lighter and it has an 12C interface. 12C is ilsleus to connect
electronic systems between them. For example, we have ttrecontroller and we can connect
lots of sensors using only two microcontroller pins. In thisiation the microcontroller is the
master and sensors are the slaves. So with this bus we caeatonare sensors using only two
pins.

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

To control this sensor we use the 12C bus. This bus uses dispailress for the components.
SRF10 has a pre-programmed address, but we can change ihn&déessary. In our application
we use the factory address. We send commands using the bosfiguce the measurement in
centimeters.
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SCL
Do Mot Connect
(v Ground

Figure 7.1: SRF10 connections for the 12C bus. We see thempmwmemections and data connec-
tions. SDA and SCL are the data connections to control theblxC

When we send the instruction to get a measurement, the segisoiot receive other instruction
until it finishes the actual measurement. When the sensatimg a measurement, we can do
other tasks in the microcontroller. Afterwards we get thaisurement we can send it to the PC
board using the wireless connection.

This sensor has bigger ratio than the altitude sensor. Wehiseharacteristic to detect walls
when the blimp is close to them, but not directly in front ofitin

Now we can develop the collision avoidance function, beeaus have a sensor to detect the
frontal distance. We can close the regulation loop using rteasurement. 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 situationeoblimp and we have implemented
an ultrasonic sensor to measure the frontal distance. VWggroned the microcontroller to read
those data and to send them to the computer. So, as we havatéhm dhe computer, we can
read them using the interface functions.

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

Like in altitude control functions, we can use many typesegulators, but we have to study
what regulators are good for our application. The problethaswe do not have a linear system
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(E)Error=2Z -2

Z P VP

VN VP | VP2 | VP3
£
‘S N P | VP | VP2
_° VN = Very Negative
g z Z | P VP N > Negative

P N z P Z > Zero

S P > Positive
~ VP VN | N z VP = Very Positive

Figure 7.2: Collision Avoidance Rules. This table has théuation (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 tleédasollision function. The idea
of this controller is to put the blimp in a safe distance frdm tbstacle, but using the control
of the inertia. Fuzzy controller gives us an index of speeds®in the horizontal motors. The
inputs are the frontal distance and the estimated speed. tié data the fuzzy controller gives
us an index of speed for the motors.

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

We see in Figure 7.3 how the regulator runs. We will follow scemamples to know how to run
this regulator. In the first situation, the blimp goes to tredlwith speed V=VN and the blimp
has a VP error (near the wall). Here the blimp wants to crash thie wall but the collision
avoidance function takes the control and gives the motorB2iattion. This means that motors
give the blimp an opposite force to avoid the collision, atdhat 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 inenié it is impossible to stop it in

the reference. Fuzzy controller uses sensor data to cdhtsosituation. When the velocity is
N the blimp does not need the maximum power, so, we see inthaasew index necessary for
the control and this Actuation is VP2.

With those examples we show how the controller works andeay to see that the blimp has a
small or null inertia when it is in the reference. In expennsechapter we will see the results of
this function.
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7. Collision Avoidance

It is important to control the return value and to take decisiover the regulator. Normal
configuration is not to run motors if collision avoidance teys is running at the same time.
When the blimp is out of collision area, we can control thenpliwith our control program.

Blimp

|

Obstacle

Figure 7.3: Collision Avoidance Diagram. We see the blimg an obstacle. The ultrasonic
sensor gets the measurement and Fuzzy controller avoiaHtisan

40



8. Experiments and Results

The approach described above has shown how to built a blimp.d&/eloped the necessary
software to control the blimp as well as two functions to colnthe altitude and collision avoid-
ance.

In this chapter we show the experiments for these functi®he.main part of these experiments
is the comparison between PID and Fuzzy regulators. We veakhow which is the most
appropriate to control the altitude of the blimp. Therefome have to design an experiment to
compare these regulators. The final section of this chagttrei collision avoidance function,
where we show how this function works. Finally, we presentapplication example which
shows the results of this function.

8.1. Height Control

The first experiment is designed to compare PID and Fuzzyatygs. We want to know which
regulator is the more appropriate to control the altitudéhefblimp. We want to conduct these
experiments using the same conditions for both regulatarthe following these methods will
be described.

In the first experiment both regulators are tested altergati environment 1. This experiment
was repeated eight times. So we got the information for thegelators in the environment 1.
This environment is a corridor inside 79 building of Freiipluniversity.

When we got this data, we changed the environment and putithp im an environment 2 with
a lower temperature. This environment is the room of phaimrdnside 79 building of Freiburg
University. This room has a door to go out of the building. V& the information for these
regulators in the environment 2. The idea was to reduce thesirce of time and the changes of
the environment on the blimp. Using this configuration weagt#d the same perturbations on
the blimp for both regulators. So we can compare this twoleggrs.

8.1.1. PID Regulator

In this subsection we analyze the behavior of the blimp, ewvié apply a PID regulator to control
the altitude. We conducted 16 experiments to get the datticontroller, eight experiments
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8. Experiments and Results
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Figure 8.1: Behavior of the blimp when we set the goal pasitiol meter height. We use PID to
control the blimp. This experiment takes place in environtrie(Figure 8.1(a)) and
in environment 2 (Figure 8.1(b)). We see a good behavior awddeviation in the
data of environment 1, but we see a bad behavior and big dmviatenvironment 2

per environment. The blimp starts from a quiet state on tbargt and afterwards it goes to its
final position, which is fixed 1 meter above.

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

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

8.1.2. Fuzzy Controller

In this subsection we analyze the behavior of the blimp, eviaik apply a Fuzzy controller
to control the altitude. We conducted 16 experiments to lyetdata for this controller, eight
experiments per environment. The blimp starts from a qu#&e on the ground and afterwards
it goes to its final position, which is fixed 1 meter .

In Figure 8.2(a) we can see the results for this controllemvironment 1. The behavior of the
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8.1. Height Control
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Figure 8.2: Behavior of the blimp when we set the position méter height. We use Fuzzy to
control the blimp. This experiment takes place in environtrie(Figure 8.2(a)) and
in environment 2 (Figure 8.2(b)). We see a good behavior awddeviation in the
data of both environments.

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

In Figure 8.2(b) we can see the results for this Fuzzy cdetrai environment 2. The behavior
of the blimp is depicted in red. This graph shows the mean@tiperiments. We see a small
error and good behavior for the blimp. The blimp does not sbeuillations. The deviation
from the mean, shown in blue, is small. The experiments hiawitas 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 wenew compare the PID and
Fuzzy controllers. In Figure 8.3 we can see the behaviorebtimp in environment 1. We see
that the PID controller shows a better behavior than the yEUte got the specific parameters
for PID in this environment using the Ziegler-Nichols meathtn 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 enviramn2e In this environment the
blimp shows a bad behavior using PID. The blimp shows anlasoi behavior with a large

deviation from the mean. The behavior of Fuzzy controllesinsilar in both environments. So
we see that the Fuzzy controller is more general than the &aller. Fuzzy is not better than
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8. Experiments and Results
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Figure 8.3: Behavior of the blimp when we use Fuzzy and PIDrodars. This experiment
takes place in environment 1. We see a good behavior and leiatida in the data
using both regulators
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Figure 8.4: Behavior of the blimp when we use Fuzzy and PIDtrotlars. This experiment
takes place in environment 2. We see a good behavior and lewatiba in the data
using Fuzzy controller but using PID we see a big deviatichlzard behavior
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8.2. Collision Avoidance

PID but is more general. Using a Fuzzy controller changebearenvironment do not affect the
behavior of the blimp too much, and we do not need to changeetipdator parameters. For
PID we have to recalculate the parameters to see a similavizetor the blimp in different
environments.

8.2. Collision Avoidance

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

When the blimp is very close to the obstacles, the collisimidance system takes over control.
At this moment the horizontal movement controller is swatdtoff and the movement of the
blimp is controlled by the collision avoidance system. Wtensensor does not detect obstacles
close to the blimp, the main controller takes over contraliag

1.8 |
Frontal sensor distance
16| Safety distance e i

14
1.2

1
0.8
0.6
0.4
0.2 bbb e .

0 ‘ ‘ ‘

Collision distance (meters)

Time (seconds)

Figure 8.5: Behavior of the blimp when it is in a corridor. Weva it with a simple program.
The blue line is the safety distance for the blimp. We see ibsiamtce to obstacles
for the whole experiment.
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9. Future Work

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

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

The first sensor which we can add to the robot is a compass. Weardrol the altitude with
ultrasonic sensor and we avoid the obstacles using the olinasonic sensor. The problem is
that we can not move the blimp in an specific direction, bee#utsrns through the contact with
air. So, if we add a compass we can develop a controller footiemtation. We can assign a
direction and using the compass measurement as well astizertal motors we can move the
blimp in this direction.

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

Another possibility is to put two cameras. We can use steigorvin the blimp to get distances
and create map81]. With this information we can get the position of the blimpe\éan use
these cameras to localization and SLAM (Simultaneous liraigdn and Mapping)

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

Later on we can implement an intercommunication systemdeatvdifferent robots. We can use
some robots at the same time sending information to each. dtheexample send information
from the blimp to a wheels robot in a rescue operation. Anatixample is to send information
about the environment to wheeled robots.
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9. Future Work
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10. Conclusions

In this project we developed the complete blimp. In the filspters, we selected a blimp and
built the necessary hardware to control it. Afterwards, weetbped the necessary software for
the microcontroller and the computer. With this software ageld move the blimp with the
computer.

Now we needed some basic functions in order to control timeginore easy. Then we wanted to
develop two functions. The first was the altitude controlction. The second was the collision
avoidance function.

When developing the altitude control function we had to ctet¢eregulator. We could choose
between a PID and a Fuzzy regulator. Then we made a compaésaren these two regulators
and found out that the Fuzzy regulator was more general aggguihan the PID. We did not
change the parameters when we changed the environment agdtwgamilar behavior when
using the Fuzzy controller. When using the PID we obtainéféraint behavior when we change
the environment. We obtained a big deviation between exyaris therefore when we selected
the Fuzzy controller as a regulator for our functions.

Now we have the blimp running with these two functions. Weselect a altitude desired for the
blimp and the blimp goes in direction of its position. We caomethe blimp using the collision
avoidance function and the blimp has not collision with thetacles.
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A. Components

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

Table A.1: Computer board components

Reference | Component

D1 diode 4148

C1 330nF Capacitor
Regulatorl| 7805

C2 100nF Capacitor

R1 330 Resistor

D2 Red LED diode

JP2 Jumper

JP3 Jumper

J2 Transceiver ER400TR$
P1 Conector DB9

c7 Tantalo 10 uF capacitor
C6 Tantalo 10 uF capacitor
C5 Tantalo 10 uF capacitor
Cc3 Tantalo 10 uF capacitor
Cc4 Tantalo 10 uF capacitor
ul MAX232
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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
Cc4 0,1uF Capacitor 1206
C5 0,22uF Capacitor 1206
C6 0,1uF Capacitor 1206
Regulatorl| 78M08 Voltage Regulator D-Pack
R2 10K Resistor 0805
Q1 BC807 Transistor

C1 22pF Capacitor 0805
Cc2 22pF Capacitor 0805
Y1l Cristal 4AMHz

u3 PIC16F873 Dip 28
R1 4k7 Resistor 0805
u2 74HCO04 Dip 14
Ul Transceiver

U4 L293B dip 16
Fusiblel Fusible 2A N30

us L293B dip 16
Fusible2 Fusible 2A N30




Table A.3: Miscellaneous

Component

LiPo Battery 11V 350mA

2 positions switcher

Servo Futaba Motor

Propeller

Blimp

Ballon Blimp

Ultrasonic sensor SRF04

Ultrasonic sensor SRF1(

LiPo saver 9V

LiPo 11V Charger

Cable

Circuit board 0,5mm

Circuit board 1,2mm
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B. Electronic Board Plans

55



56



LS

11v

0ll——

Powe
Sour ce

SensorV

+11V

+8V.

+5V.

SensorV.

s1

0lf——

M crocontroll er

Camera

Outputl

+11V

+5V

Mbtor Drivers

+5V.
X Y
Wrel ess
RX
0f——
[Title
General Diagram
ize Document Number ev
A4 | Blimp board 1

[Date: Tuesday, May 23, 2006 Eheet 1 of
2 I




58



REGULADOR1

_,:11\/—1_1_ VIN vouTt +8v
ca cs a c6
z
0.1u 0.22u 0] 0.1u
JH22
"0 Salida 5V
JH26
- 1 +11V
+11V ]
JH24 Salida 11V
JH27
] O
D1N4148 REGULADOR2 ]
D1 L7805/T0220 Tierra
11V
= Dt 1 vin vour (2
o
RS z
66k == C7 == C8 ©
SensorV.
0.1u 0.22u «
RS2
JH28
1 3.3k T ||| o
1
Vgnd
[Title
al Power Source
(o]
ize Document Number ev
A4 Blimp board 2
[Date:
2

Tuesday, May 23, 2006 Eheet 2 of
I




60



T9

C1
22p

0 .||

5V
R1
4,7k
u3
|28
SensorV. 2 1 28 27
= 2 27
S — 26
3 26 7
N
4 25 (22
_  51g 24 24—
S - 23 28—
22 Outputl
7 22 51
1 0'|| 98 21 0 +5v |
9 20
10110 19 |22
16 11 18 RX
11 18
L 121 71X
Y1 13 13 6 16 SDO
Camara 14 | 115 SDA
2TA Camara 14 15 SDA
PIC16F873
JH8 JH7
SDO - 1 Outputl
Sbo A3
JH10 IHL
SDA 1 S1
SDA Al
[Title
Microcontroller
ize Document Number

A4 Blimp board 3

[Date: Tuesday, May 23, 2006 Eheet 3 of
2 I




62



€9

JH11

JH12
HEADER 1 +5V 1 16 +5V
14 2 15 11
3 14 HEADER 1
e = B ===y s
fEt ] 6 11 1
B 7 10 12
9 +5V
HEADER 1 FUSIBLEL HEADER 1
+11V
2A
JH18
. 45V q 16 lsv
6 2 15
HEADER 1 3 14
JH20 0 Ill_:é: o
=t 6 11
5 7 10
HEADER 1 o
FUSIBLE2
1A
+11V

[Title
Motor Drivers
ize Document Number ev
A4

Blimp board 4

Eheet

7

of

[Date: Tuesday, May 23, 2006
2 I




64



G9

5v

JH3

.—1—3— Ant
L] —

antena

U1l

—3{ Rss|
—41 sy

SDO

5
,—ﬁ— SDI
—7I rRpY

vcc

RF GND

DV 8|
_|_—9— GND
0

Transceiver

[Date:
2

[Title
Wireless
ize Document Number ev
A4 Blimp board 5
Tuesday, May 23, 2006 Eheet 5 of
I




66



L9

OV

Power
Sour ce

+5V.

——|ro

+5V
R10OUT
T1IN H
we—  Seri al
Interface
T2IN
R20UT
o — -
+5V.
T1IN
R1OUT y
Bt Wrel ess
R20UT
T2IN
o —
[Title
General Diagram
ize Document Number ev
A4 Computer board 1

Eheet

6

of

[Date:
2

Tuesday, May 23, 2006
I




68



69

REGULADOR1

HEADER 2

VIN

VouT

GND

+5V c
jL—_ c2 R1
= 100n 330
-0
D2
LED
X
e+
[0
B
A
[Title
Power Source
ize Document Number
A4 Computer board 2

[Date:
2

Tuesday, May 23, 2006 Eheet 7 of
I




70



P1
—1lo
—61 o
Iour 2|
R2IN ©
RN 7
[T P
TOUT g%,
o
—oO
Lo

il

CONNECTOR DB9

-0
7
Ou
R2IN
[T20UT
[Title
~ Serial Interface
[E
ize Document Number ev
A4 Computer board 3
[Date: Tuesday, May 23, 2006 Eheet 8 of
7 | 3 2 I




72



€L

0

RFGND

GND

JH1
1 ANT 1 Jp2
REGND 2 BSY 16 02 RDY
HEADER 1 BSY 3 JUMPER
4
T1IN
R10UT 5
RDY ? P3
+5V T2IN 1 2 R20UT
GND g ° ©
JUMPER
Transceiver
[Title
Wireless
ize Document Number

A4 Computer board 4

[Date: Tuesday, May 23, 2006 Eheet 9 of
2 I




B. Electronic Board Plans

74



Bibliography

[1] Aerial robot competitionht t p: / / www. pages. dr exel . edu/ vn43/ mai n/ | ARC2006.
[2] Balloon shop.htt p://ww. sout her nbal | oonwor ks. com

[3] Balloon shophttp://ww. heo. com

[4] Blimpshop.http://j.piri.hone.nchsi.con indoor.htm

[5] Conrad shophtt p: // wwv. conr ad. de.

[6] Datasheet web pagéttp://ww. al | dat asheet . co. kr/.

[7] Microchip web pageht t p: // www. mi crochi p. com

[8] Micropik shop.htt p: //wwv. ni cr opi k. com

[9] Picbasic tutorialht t p: / / ww. i magesco. coni cat al og/ pi ¢/ pbpman. pdf.
[10] Pid descriptionht t p: / / www. engi n. umi ch. edu/ group/ ctm PID/ PID. ht m .
[11] Plantraco shopht t p: // www. pl ant r aco. com

[12] Rcguys shophtt p: //wwv. r cguys. com

[13] Sensors shophtt p: // www. r obot er -t ei | e. de/ Shop.

[14] Servos futabaht t p: / / ww. f ut aba-rc. com

[15] SrfO5 datasheetit t p: / / www. r obot er -t ei | e. de/ dat asheet s/ srf 05. pdf .
[16] Srf10 datasheehtt p: //wwv. r obot er-tei | e. de/ dat asheet s/ srf 10. pdf .
[17] Superrobotica shoght t p: / / www. super r obot i ca. com

[18] Ziegler-nichols methodht t p: / / ww. chem nt u. edu/ tbco/ cn16/zn. ht .

[19 Geoffrey A. Hollinger, Zachary A. Pezzementi, Alexander Furie, and Dr. Bruce A.
Maxwell. Design and construction of an indoor robotic blifopurban search and rescue
tasks. 2005.

75



Bibliography

[20]

[21]

[22]

[23]

[24]

[29]

[26]

[27]

[28]

[29]

[30]

(31

(32

[33]

76

Anibal Ollero Baturone.Control por computador. Descripcion interna y disefio otim
Marcombo, 1991.

Peter Baumann. Serial programming howto. 2001.
K. Capek.R.U.R. (Rossum’s Universal RobotB)over Publications, 2001.

George Kantor, David Wettergreen, James P. Ostrowski, anfivSSingh. Collection of
environmentat data from an airship platforim proceedings SPIE Vol 4571, Sensor Fusion
and Decentralized Control in Robotic Syster@801.

Alberto Elfes, Marcel Bergerman, Jose Reginaldo Hughesdllaw, Ely Carneiro de Paiva,
Josue Jr. Guimaraes Ramos, and Samuel Siqueira Bueno.rodiingy robotic ensembles
for cooperative applications: Concepts and preliminasylts.

Juan D. Tardos and Jose Neira. Robust mapping and locatizatindoor environments
usin sonar dataMIT, 2002.

William E. Green, Keith W. Sevcik and Paul Y. Oh. A competitito identify key chal-
lenges for unmanned aerial robots in near-earth envirotsn@005.

Alberto Elfes, Samuel Siquiera Bueno, Marcel Bergermad, Josue Guimaraes Ramos.
A semi-autonomous robotic airship for environmental maniilg missions.Proceedings
of the 1998 IEEE. International Conference on Robotics antbation 1998.

Keiko Motoyama, Hidenori Kawamura, Masahito Yamamoto, Amdma Ohuchi. Design
of evaluation function in motion planning for autonomoudld@n robot. Proceedings of
2003 Asia Pacific Symposium on Intelligent and Evoluciorgygtems2003.

Keiko Motoyama, Hidenori Kawamura, Masahito Yamamoto, &zdma Ohuchi. De-
velopment of autonomous blimp with intelligent control.Entertainment Comput-
ing/Technologies and Application2003.

Peter S. MaybeckStochastic models, estimation, and contt@ademic Press, 1979.

Emmanuel Hygounenc, [I-Kyun Jung, Philippe Soueres andoSiiracroix. The au-
tonomous blimp project of laas-cnrs: Achievements in flightrol and terrain mapping.
LAAS/CNRS

Alvaro Solera Ramirez. El filtro de kalman. 2003.

Raul Reyero and Carlos F. NicolaSistemas de control basados en logica borrosa: "Fuzzy
Control". OMRON, 1995.



Bibliography

[34]

[35]

[36]

[37]

Hisao Kadota, Hidenori Kawamura, Masahito Yamamoto, TokbiTakaya, and Azuma
Ohuchi. Vision-based positioning system for indoor blinopat. Proceedings of The 4th
International Conference on Advanced Mechatronics -ToWErolutionary Fusion of IT
and Mechatronics2004.

Greg Welch and Gary Bishop. An introduction to the kalmarfiltUniversity of North
Carolina at Chapel Hil] 2002.

Keith W. Sevcik, William E. Green and Paul Y. Oh. Exploringseh-and-rescue in near-
earth environments for aerial roboBrexel University, Philadelphia, PA

Sebastian Thrun, Wolfram Burgard and Dieter FdXxobabilistic Robotics MIT-Press,
2005.

77



