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ABSTRACT

The present Final Project Dissertation - Thesis is an implementation of a
mobile node of NitLab testbed.

The first part of the project, consists of an introduction about wireless
networks and mobility in wireless networks.

At the second part, we briefly present iRobot Create, which is the robot
we used for our mobile node. We concentrate at the iRobot Create Open
Interface, which gives us the capability of controlling Create’s behavior
and reading its sensors. We present also the board we used for our robot.

At the third part lies the implementation of the robot. Firstly an analysis
of the parts of our robot gives an idea of what it is constructed. Finally we
give the code we used for navigation and for image recognition.



1. Introduction

Network simulation continues to be the dominant method of
experimental evaluation in wireless networking. However, much research
has established the failure of simulator models to adequately express
wireless signal propagation. These shortcomings can lead to incomplete
evaluation of wireless protocols and applications. When wireless research
includes mobility, real evaluation becomes still more difficult due to the
difficulty of creating and controlling mobile nodes in a real environment.

1.1  Wireless Networks in a Nutshell

The radio frequency spectrum is divided into several bands,
starting as low as 30 kHz for maritime communication and ranging up to
300 GHz. Low frequency radio waves easily pass through human bodies,
walls, water, etc. Higher frequencies are absorbed and reflected by
obstacles. There are numerous other facts to be told from physics. For
some frequency bands the ionosphere reflects signals. The background
noise level differs in various bands. Signal strength is influenced by
obstruction, diffusion, reflection, multi path fading, and the Doppler
effect. A man-made problem is the interference of radio signals of
multiple senders. Furthermore, in theory the signal strength is fading with
a power of two with respect to the distance, which is only true in empty
space. In other environments the exponent is larger and can have values
from 3-5. This implies that if one tries to send over a distance of d
transmission power has to chosen ~ d® in empty space. Many
transmission models assume that the covered area by a radio signal can be
modeled by a disc. However, practical measurements show that this is not
at all the case.

1.2 Mobility in Wireless Networks

Today, it is hard to imagine the difficulties to send information
over large distances before the invention of radio communication. First,
such devices were so large and heavy that they could not be carried
around but had to be carried by vehicles. So, the history of mobile
communication starts with radio devices on boats which emerged in the
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1890s and helped ocean vessels to overcome insulation for navigation and
emergency situations. It took some time until mobile radio transceiver
could be used on non-marine vehicles. Such technology was available in
the 1930s when a radio transceiver could be operated on a bicycle and a
radio sender could be operated on an airplane. Both as show cases and not
really for practical use. At the end of the 30s portable solutions were
available in form of the famous “walky-talky”, which could be carried by
a single person. In the beginning of the 1940s a radio transceiver was
available which could be held in a single hand: “The Handy-Talky”, see
Fig. 1. Needless to say that these communication devices played an
important role in the second world war. With the upcoming of transistors,
large scale integrated chip layout, and new battery technology allowed
the size of radio devices to shrink unbelievably small. Today, one can buy
fully equipped sensor nodes with radio transceiver and micro-controller
in the size of a small coin (and within reasonable price), see Fig. 2.
Furthermore, there is the vision of communication devices being so small
called “smart dust”.

Also the underlying radio communication technology has changed
much from the analogous broadcast signal (still surprisingly widely
distributed) to digital multi-hop networks with time, frequency and code
division multiplexing for the parallel use of the medium. Such packet
oriented radio devices have been developed in the 1970s and filled the
interior of a van, i.e. Vint Cerf’s Stanford Research Institute (SRI) van.
Then, the packet radio underwent a miniaturization process and packet
radio has become the dominating radio technology, so far.

For two-way radio communication central radio stations are used
which serve as relay station for transmitting the radio signals. Many of
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these central relay stations partition the radio landscape into cells. In such
cellular networks the mobility of users (more or less) reduces to problems
of handover from one radio station to a neighbored station. Networks
without such centralized infrastructure are called mobile ad hoc networks.
There, the impact of mobility is much higher, since everything is moving.
One can easily imagine the possible negative impact of mobility on
wireless networking. Recent results point out that mobility has also a
positive impact.

1.3 Mobility is helpful

One might think that mobility has only a negative impact on the
behavior of wireless networks. But recent work has shown that this is not
the case. Mobility improves the coverage of wireless sensor networks. It
helps security in ad hoc networks. Furthermore it can help with network
congestion as shown in [3]. This approach overcomes the natural lower

bound for throughput of Q(Vn) by instrumenting the random movement

of nodes. They design a protocol where mobile nodes relay packets and
literally transport them towards the destination node.

2. About IRobot Create

iRobot® Create is a complete robot development kit that allows you to
program new robot behaviors without having to worry about mechanical
assembly and low-level code. iRobot Create’s Open Interface (Ol)
provides you with a set of commands, such as “drive” commands, demo
commands, song commands and sensor commands, that encourage your
own inventiveness. With iRobot Create, you can develop new behaviors
and add third party electronics, all without having to worry about
mechanical robustness or low-level control. When you first begin
working with iRobot Create you may find its ten built in demos useful as
inspirations for your own ideas. As you become more comfortable with
its abilities and interface you will want to write your own Open Interface-
based programs to control iRobot Create using a serial connection from a
PC or microprocessor such as the iRobot Command Module. You can
attach and control other hardware and electronic devices to iRobot
Create; such as a robotic arm, light display, or a ranging sensor. It can



also become a musical instrument! By using the Song command you can
write and save up to 16 songs in iRobot Create.



2.1 Demos

IRobot Create comes with ten built-in demos to provide inspiration
for your own robot programming adventures.

* Press the power button and wait for the power LED to stop flashing.

* To select a demo, press the Advance button . iRobot Create beeps the
number of the selected demo. One long, low beep is equal to five short,
high beeps. For example, when you select demo number 8, iRobot Create
plays long-short-short-short ( _...).

* iRobot Create’s Advance LED blinks in the same pattern while a demo
IS running or paused.

* Press the Play button to start the currently selected demo.

* To stop the demo, press the Play button or the Advance button.
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Demo Descriptions:

2.2 Powering iRobot Create

IRobot Create can be powered with the included alkaline battery
pack, which takes “AA” alkaline batteries, or with any of the iRobot
rechargeable batteries. iRobot Create’s power light indicates the charge
state of the batteries. It is green when the batteries are fully charged or
new, and gradually turns red as the batteries discharge.
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Alkaline Battery Pack

The included alkaline battery pack requires 12 non-rechargeable “AA”
batteries to power iRobot Create. iRobot Create’s low-voltage shutoff is
designed for alkaline batteries only; rechargeable batteries can be deeply
discharged and damaged if they are used in the alkaline battery pack.
IRobot Create does not attempt to charge batteries in the alkaline battery
pack. Alkaline batteries will power the robot (on a hard floor with no
payloads or attachments) for up to 1.5 hours if the robot is constantly
moving. If you plan to have your robot moving continuously.

Using the Alkaline Battery Pack

Use a Phillips head screwdriver to loosen the four screws on the
underside

of the green Alkaline Battery Pack. The screws will not come all the way
out

of the doors. Slide the doors up and out of the batter y case. Inser t six
non-rechargeable alkaline “AA” batteries into each side of the battery
case

and then slide the doors back on. Tighten the screws.

Insert the battery case into iRobot Create’s Battery Well, pushing until it
clicks into place.

Self Charging Home Base

The Self Charging Home Base has three infrared transmitters that you can
use in your applications. The Self Charging Home Base also enables
IRobot Create to automatically charge its iRobot rechargeable battery.
During two demos, iRobot Create will automatically return to the home
base. During the Cover demo, if the battery is running low and the
Omnidirectional IR Receiver on iRobot Create sees the Home Base IR
transmitter, iRobot Create will dock itself on the Home Base for
recharging. During the Cover and Dock demo, as soon as the
Omnidirectional IR Receiver on Create see the Home Base IR
transmitter, iRobot Create will dock itself on the Home Base for
recharging.

While recharging, iRobot Create’s Power LED and the Home Base Dock
lights will be green. The Home Base must be on a hard level surface and
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Iin an area where iRobot Create has a clear path to approach the Base. If
IRobot Create is unable to dock on its first attempt, it will continue to try
until it is successful

2.3 Cargo Bay Connector

The cargo bay connector, located in the front middle of the cargo
bay contains 25 labeled pins that you can use to attach electronics and
other peripheral devices such as additional sensors, lights, or motors to
IRobot Create. The cargo bay connector provides four digital inputs, an
analog input, three digital outputs, three low-side driver outputs (useful
for driving motors), a charging indicator, a power toggle, serial Tx and
Rx, a 5V reference, battery ground and battery voltage.

Cargo Bay Connector Pin Descriptions:
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2.4 Serial Port Settings

Baud: 57600 or 19200 (see below)
Data bits: 8

Parity: None

Stop bits: 1

Flow control: None.

By default, iRobot Create communicates at 57600 baud. If you are using
a microcontroller that does not support 57600 baud, there are two ways to
force Create to switch to 19200:
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Method 1:

When powering on Create, hold down the Play button. After about 4
seconds, Create plays a tune of descending pitches. Create will
communicate at 19200 baud until the power is turned off, the battery is
removed and reinserted, the battery voltage falls below the minimum
required for processor operation, or the baud rate is explicitly changed by
way of the Ol.

Method 2:

Use the Baud Rate Change pin (pin 15 on the Cargo Bay Connector/pin 5
on the Mini-DIN connector) to change Create’ s baud rate. After turning
on Create, wait 2 seconds and then pulse the Baud Rate Change low three
times. Each pulse should last between 50 and 500 milliseconds. Create
will communicate at 19200 baud until the processor loses battery power
or the baud rate is explicitly changed by way of the Ol.

2.5 Irobot Create Open Interface

2.5.1 Overview

The Create Open Interface (Ol) consists of an electronic interface
and a software interface for controlling Create’s behavior and reading its
sensors. The electronic interface includes a 7 pin Mini-DIN connector
and a DB-25 connector in the Cargo Bay for connecting hardware and
electronics for sensors and actuators such as a robotic arm or light sensor
to Create. The software interface lets you manipulate Create’s behavior
and read its sensors through a series of commands that you send to
Create’s serial port by way of a PC or microcontroller that is connected to
the Mini-DIN connector or Cargo Bay Connector.

Open Interface Commands

The types of commands available include:
* Demo commands

* Driving commands

* Song commands

» Sensor commands

* Cargo Bay Connector commands

* Scripting commands
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You send these commands to iRobot Create using the included serial
cable or any other serial connection to a PC. The serial cable plugs into
iRobot Create’s Mini-Din connector, which is located in the rear right
side of iRobot Create, beneath a snap-away plastic guard.

Sending Ol Commands from a PC

Connect the serial cable between iRobot Create and your PC’s serial port
and start a serial terminal program that is capable of sending data.
Configure the serial settings to 57600 baud, 8 data bits, 1 stop bit, and no
flow control. Select the “Send” tab on RealTerm. Enter commands and
watch the robot perform!

Examples:

* To turn on iRobot Create’s Play LED only:
128 132139200

» To read the state of iRobot Create’s left cliff sensor:
128 142 9

See how the robot’s response changes when you lift it up.

* To make iRobot Create sing:

Send these command sets separately:

128 132 (Puts the robot in Full mode)

14004 6212 66 12 69 12 74 36 (Defines the song)
141 0 (Plays the song)

» To make iRobot Create drive forward:

CAUTION - place iRobot Create on the ground and be ready to grab it
when it reaches the end of its serial cable tether! Send these two
command sets separately:

128 131

13701001280

You can also write scripts of commands, freeing your robot from the
serial cable tether. A script is a sequence of commands including
commands that wait for events. With a script you can make the robot
perform a “song-anddance” routine that you create.
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To make the robot perform more complex behaviors, you can write
software that runs on the PC and sends commands to the robot while
reading its sensor data. Your software can communicate with iRobot
Create over the included serial cable or a wireless serial accessory.

Sending Ol Commands from a Microprocessor

With a microprocessor like iRobot’s Command Module attached to your
robot, you can make it perform complex behaviors without a serial tether
or wireless connection to a PC. With the iRobot Command Module,
which plugs into iRobot Create’s Cargo Bay Connector, you can write
your own programs in C or C++, that send Ol commands to iRobot
Create and read its sensor data. You can also expand on the sensors and
actuators that iRobot Create offers by adding your own custom hardware
to the iRobot Command Module’s four DB-9 expansion ports

2.5.2 Using the Script Command

To load a script onto iRobot Create, use the Script command (152),
followed by the number of bytes in the script, followed by the series of
commands and their arguments. Scripts can be up to 100 bytes long.

Example:

Drive in a square: 152 17 137144 1280156 1 144 13714401 157090
15
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The meaning of the above string of numbers is:

Using the Play Script Command

When you are ready for iRobot Create to perform the script, send the Play
Script command (153). This loads the script into the serial queue. iRobot
Create then immediately begins executing the script’s commands as if
they had been sent directly to the serial port.

2.5.3 iRobot Create Open Interface Modes

The Create Ol has four operating modes: Off, Passive, Safe, and
Full. After a battery change or when is first supplied, the Ol is in “off”
mode. When it is off, the Ol listens at the default baud rate (57600 or
19200 - see Serial Port Settings above) for an Ol Start command. Once it
receives the Start command, you can enter into any one of the four
operating modes by sending a mode command to the Ol. You can also
switch between operating modes at any time by sending a command to
the Ol for the operating mode that you want to use.
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Passive Mode

Upon sending the Start command or any one of the demo commands
(which also starts the specific demo, e.g., Spot Cover, Cover, Cover and
Dock, or Demo), the Ol enters into Passive mode. When the Ol is in
Passive mode, you can request and receive sensor data using any of the
sensors commands, but you cannot change the current command
parameters for the actuators (motors, speaker, lights, low side drivers,
digital outputs) to something else. To change how one of the actuators
operates, you must switch from Passive mode to Full mode or Safe mode.
While in Passive mode, you can read Create’ s sensors, watch Create
perform any one of its ten built-in demos, and charge the battery.

Safe Mode

When you send a Safe command to the Ol, Create enters into Safe mode.
Safe mode gives you full control of Create, with the exception of the
following safety-related conditions:

* Detection of a cliff while moving forward (or moving backward with a
small turning radius, less than one robot radius).

* Detection of a wheel drop (on any wheel).

* Charger plugged in and powered.

Should one of the above safety-related conditions occur while the Ol is in
Safe mode, Create stops all motors and reverts to the Passive mode.

If no commands are sent to the Ol when in Safe mode, Create waits with
all motors and LEDs off and does not respond to Play or Advance button
presses or other sensor input.

Note that charging terminates when you enter Safe Mode.

Full Mode

When you send a Full command to the Ol, Create enters into Full mode.
Full mode gives you complete control over Create, all of its actuators, and
all of the safety-related conditions that are restricted when the Ol is in
Safe mode, as Full mode shuts off the cliff, wheel-drop and internal
charger safety features. To put the Ol back into Safe mode, you must
send the Safe command.

If no commands are sent to the Ol when in Full mode, Create waits with
all motors and LEDs off and does not respond to Play or Advance button
presses or other sensor input.

Note that charging terminates when you enter Full Mode.
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3. About ALIX Boards

Designed by PC Engines in Switzerland, the Alix single board
computer is highly power efficient, small, and capable of running
operating systems like Linux and FreeBSD unmodified thanks to its x86
compatible processor. These little boards can be found in small offices,
datacenters and in the homes of computer enthusiasts, doing just about
anything an embedded computer can do; routers, firewalls, mail servers,
and network attached storage are all common roles for the Alix.

Our Alix Board
In our implementation we use alix2d2 system board.
Specifications:

* CPU: 500 MHz AMD Geode LX800

* DRAM: 256 MB DDR DRAM

* Storage: CompactFlash socket, 44 pin IDE header

* Power: DC jack or passive POE, min. 7V to max. 20V

* Three front panel LEDs, pushbutton

* Expansion: 2 miniPCI slots, LPC bus

* Connectivity: 2 Ethernet channels (Via VT6105M 10/100)
* [/O: DB9 serial port, dual USB port

* Board size: 6 x 6" (152.4 x 152.4 mm) - same as WRAP.1E
* Firmware: tinyBIOS

There is no VGA, keyboard or mouse connection, as this is strictly an

embedded/headless device, however other models of the Alix do include
those features.
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4. Our Robot/Parts

It’s an iRobot Create with a costum designed tray to hold the Alix
Board. The board can send commands to the robot over a serial port and
is powered off the robot’s own battery. The Alix board runs Voyage
Linux and therefore can be part of an experiment in the future. The
upward facing camera is used to read specific patterns on the ceiling, that
the robot uses to navigate around the room.
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4.1 Storage

We use a 1gb compact flash memory card as a hard disk.

4.2 Power Supply

The Alix Board requires a min 7V to max 20V DC power. We had to
power the board using Irobot Create. So we made a power connector for
it.

Irobot Create comes with a transformer from 120VAC to 22VDC. We
made a transformer from 220VAC to 110VDC to achieve charging.
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4.3 Power Connector

As mentioned above, we are powering the board using the Create's
battery. Fortunately, iRobot gives us access to the Create's battery
through the 25-pin cargo bay connector.

Connector assembly:

A male D-sub Connector is used to connect to the cargo bay connector:

e 25-Position Male Solder D-sub Connector

e 25-Position Non-Shielded D-sub Connector Hood

24



Pin | Namea Description

1 RXD 0 - 5V Serial input to Create

2 D 0 - 5Y Serial autput from Create

3 Pawer control toggle | Turns Craate on or off an a low-ta-high
transition

4 Analag Input 0 - 5V aralog input to Create

5 Digital input 1 0 - 5% digital input to Create

& Digital input 3 Q- 5Y digital input 1o Craata

7 Digital cutput 1 Q- 5%, 20 mA digital cutput fram Create

B Switched &Y Pravides a regulated 3V 100 mA supply
and analog reference voltage when Create
i& switched on

9 Vipwr Craate battery voltage (unregulated), 0.5A

10 | Switehed Vpwr Pravides battary powear & 1.5 A when
Craate s powared on.

11 | Switched Vpwr Pravides battary power & 1.5 A when
Craate s powered on.

12 |Switched Vpwr Provides battery power & 1.5 & when
Craate & powarsd on.

13 |Robat charging Whian Craate |g charging, this pin i2 high {SV)

14 |GND Craate battery ground

15 |Deviza Datact/Baud | 0-5V digital input to Create which can also

Rata Change Fin be used 1o change the baud rate to 19200

(sae belaw)

16 |GND Craate battery ground

17 | Digital input O 0 - 5% digital input to Create

18 |Digital input 2 0 - 5% digital input to Create

19 | Digital cutput O Q- 5, 20 ma digital cutput from Craate

20 | Digital output 2 Q- 5, 20 ma digital output from Craate

21 |GND Craate battery ground

22 |Low sice driver O 0.54 low side drivar fram Craate

23 |Low sice driver 1 0.54 low side drivar fram Craate

24 |Low sice driver 2 1.54 low side driver fram Craate

25 |GND Craate battery ground

e 25-Position D-sub Connector pins

Power cord assembly:

e Male DC jack 2.5mm x 5.5mm x 10mm

The center terminal on the power connector is wired to positive battery
voltage, both pins 10 and 11 of the 25-pin male D-sub connector are used.
The outer terminal of the power connector is connected to battery
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negative or ground, pin 25 and 14 of the 25-pin male D-sub connector is
used. Approximately 35cm of power cable is needed.

The Alix Board requires an input voltage between 7 and 20V and draws
consumption of approximately 12W.

4.4 Mounting Plate

Mounting the board on top of the Create requires some work. We
used a costum designed tray, made from plexiglas, to hold the Alix
Board. The tray had to be cutted, in order to reach the cords in the cargo
bay. Also it had to be cutted at its side, in order to fit the power
connector. We also made 4 holes to mount the board on the tray, and
another 4 holes to mount the tray on the Create. Finally we took a small
piece of plexiglas to mount the upward facing camera on it and glue the
two pieces of plexiglas together.
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45 Camera

We use a Logitech QuickCam for our robot.

5. Programming the robot

We use python scripts to determine the movements of the robot.
Specifically, we used an implementation of the iRobot Create Open
Interface, called openinterface.py. For the image recognition we used
ARToolKit, a software library for building Augmented Reality(AR)
applications.

5.1 1Robot Create

At the beginning, we should connect the serial cable between iRobot and
a PC’s serial port.

Openinterface

openinterface.py is a single file, functional implementation of the iRobot
Create Open Interface specification. It’s an easy way to get introduced
into programming (Python is often used as a teaching language) and
programming robots in particular (using the Openinterface). This module,
and its ancestor sci.py, have been used for a variety of purposes ranging
from real robotics research to recreational hacking.

The installation of openinterface.py requires the following steps:
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— Install Python2.4 or higher
— Install pyserial from http://pyserial.sourceforge.net/pyserial.html
— Copy the openinterface.py to your project directory.

These are some python scripts we use to move iRobot:

e start.py

e stop.py

28



e turn_right.py

o turn_left.py
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5.2 Alix Board

5.2.1 CF card

First we need to copy our file system to the CF card. We connect the CF
card to a card reader and then, do the following:

$sudo fdisk —I /I to see a list of our disks
$sudo fdisk /dev/sdb /I to enter our Cf card’s menu
-m for help

-0 for a new empty DOS partition table

-n to add a new partition

--primary partition

--partition number 1

--we hit enter to the rest, for default values

-a to set the boot flag
--partition number 1

-w to save the new partition table

e formatting our new partition:
$sudo mkfs.ext2 /dev/sdbl

$sudo tune2fs -c 0 /dev/sdbl I/ never do fsck on that filesystem

e copy to CF card
$sudo mkdir /mnt/cf // the mounting point

cd voyage_folder/usr/local/sbin
$sudo ./voyage.update

-select 1
-select the voyage folder
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-select 3 for target disk

--select disk: /dev/sdb

--select partition: 1

--select mounting point we made earlier

we are ready to copy voyage at CF card
-select 6
-select y

5.2.2 Booting

— Install our bootable CF card to the Alix Board.

— Connect serial port to a PC through null modem cable(RXD/TXD
crossed over). Set terminal emulator to 38400 8N1, flow control =
none or xon-xoff.*

— Connect Ethernet as needed.

— Connect a 18V DC power supply to the DC jack. Power supply
sould be able to supply at least 12W for some margin. To avoid
arcing, please plug in the DC jack first, then plug the adapter into
mains.

* To communicate through serial port, we used minicom

The board should now power on. All three LEDs will light during BIOS
POST, then the system will try to boot, and turn off two of the LEDs.
You should see tinyBIOS startup messages, memory size, CF disk
geometry on the serial console.

5.2.3 ARToolKit

ARToolKit is a C language software library that lets programmers easily
develop Augmented Reality applications. Augmented Reality (AR) is the
overlay of virtual computer graphics images on the real world, and has
many potential applications in industrial and academic research.
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Using ARToolKit we recognize 4 patterns positioned on the ceiling and
give the appropriate command to iRobot. The 4 patterns are:

Ll O

Each time we found a pattern, its number is printed in a file called pat.txt.

This is the code we use to recognize the patterns:

loadMultiple.c

5.2.4 Combining python scripts with ARToolKit

We made another python script, reader.py, to read the file pat.txt and
according to the pattern that is recognized, navigates the robot.
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reader.py

fiile = open(’/home/ARToolKit/bin/pat.txt®, 'r+')
file.seek(4)
#print file.read()

char = file.read(1) # read character
if char = '2':

execfile("play song.py")
elif char == '3":

execfile("play song.py")
execfile("start2.py")
execfile("turn right.py")
execfile("start2.py")
execfile("start.py")
elif char = '4':
execfile("play song.py")
execfile("turn left.py")
execfile("start.py")
elif char = '1':
execfile("play song.py")
execfile("walit.py")
execfile("stop.py")
elif char = '0':
execfile("start.py")

Finally, script.sh take over the process to combine and synchronize the

two discrete parts, movement and image recognition.

script.sh

33



6. Mobile node GUI

This is the gui for running experiments.

We can see a layout of NITlab laboratory office, where the robot moves
around according to the pattern recognized. At the right side of the gui,
the direction and the pattern recognized is displayed. Each time robot
changes direction, the direction displayed becomes red for a while, and
each time robot recognizes a pattern, the pattern blinks, to inform that
something has changed.
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7. Future work

There are many more things to do on our mobile node in the future.

Firstly, we could train the camera to recognize more patterns, which
means more complexity for robot’s movement, thus for our experiments.

Secondly, we could implement orientation tracking with ARToolKit
library. The ARToolKit video tracking libraries calculate the real camera
position and orientation relative to physical markers in real time.
Therefore, each time a pattern is recognized we will be able to know the
exact angle that camera “sees” the pattern.

Finally, we can take advantage of our mobile node at NitLab testbed, to
study mobility in wireless experiments.
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