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1 Introduction

| have done my summer practice at KOVAN research lab, Departmeraf
Computer Engineering, Middle East Technical University. Dumg my sum-
mer practice, | have designed a robot controlled by a remote agf through
bluetooth connection. A person holding a PDA was able to cordl it by
moving the stylus. The robot was capable of holonomic motionnd mimic
the path that the stylus draws on the screen.

2 KOVAN Research Lab

KOVAN research lab is located at Computer Engineering Departent, Mid-

dle East Technical University. Their mission is "'to study the syntlesis of
intelligent systems inspired from nature. Autonomous agentsrcluding ro-
bots) are preferred as a major test-bed in their studies.” By this internship

| have learned a great deal on scienti c research process. | havadhthe
chance to observe the ongoing projects, as well as developing aocument-
ing a small project. This documentation is now available on # KOVAN

web site?

2.1 People

Assistant Professor Erol Sahin is head of KOVAN. Associate Professor Gakk
Ceoluk is a member of KOVAN. There are three PhD. students and veMSc.
students currently working in di erent projects. For more information, the
web site® can be visited.

Thttp://www.kovan.ceng.metu.edu.tr
2http://kovan.ceng.metu.edu.tr/research/caligrapher _robot/
3http://kovan.ceng.metu.edu.tr



2.2 Research

Currently MACS (Multi-Sensory Autonomous Cognitive Systemsriteracting
with Dynamic Environments for Perceiving and Using A ordances) Con-
trollable Swarm Robots and Assessment of space: "From Ants to Robadsée
research tracks held at KOVAN. Other projects that have been copteted
are Swarm-bots, Parallellized Evolution System (PES), Daneg Robots, In-
stincts for Guiding and Energizing Learning and The Darwin Poject.

2.21 MACS

MACS is a project applying cognitive systems concepts to automous ro-
bots. It is a StREP project accepted by the European Commissiom iFP6
within the \Cognitive Systems" strategic objective call of IST. Its aim is to
explore the a ordances concept for goal-directed autonorae robots in a dy-
namic environment. So it covers the development of a new waf/merception
and learning for robotics.

2.2.2 Kontrol Edilebilir Robot Qqullar

Controllable Swarm Robots aims to derive complex methodsrfthe control

of simple robots which can react to outer e ects such as light ahobstacles
on way, so that, they could act like a swarm. For instance, they wibd have
the ability of maximizing the coverage without breaking thegroup. First

step was using human-controlled phenomena to control the swarrsuch a
light beam. A further step is to control these simple robots throgh a group
of ""more complex™ autonomous robots, which have better coputational

power, however less in number. These complex robots are to sumd the

area of planned coverage so that the small robots will perceitleem as the
boundaries of the area to be covered.

2.2.3 Assessment of Space: From Ants to Robots

In Assessment of space: From Ants to Robots project, the capabilityf o
the scouts of Leptothorax Albipennis is explored. Individugl they have a
fairly limited perceptual size as can be expected, howevergether they can
"“consider™ a nest with regards to its size (which is very largeompared to
their individual perceptional size) and quality to decide ifthis nest will be
suitable to reside. This capability is tried to be modeled, anédssessment
strategies for mobile robots are tried to be developed in thigsearch track.



3 Basic Structure of the Robot

There are four major components that are signi cant in the degn: The robot
itself, the PDA held by the person in charge, another PDA that iglaced
on the robot (which controls its movements) and the bluetootlconnection
between the two PDAs.

3.1 The Robot

The robot consists of a PDA, a printed circuit board, and the baseat of
the PPRK BrainStem Easy Kit (Figure 1) 4.

Figure 1: PPRK BrainStem Easy Kit

This kit is prepared such that its BrainStem GP 1.0 Module conbls
the robot on its own; however | have made some modi cations on. i The
GP Module is not used at all, what remains is only the base (wheehnd
the platform), the servomotors and the sensors. First of all, | ha used
a PDA as the brain, so | have placed it on the robot. Secondly, aoard
has been prepared, which connects the PDA to the externals (gemotors
and sensors). It has three analog inputs that come from the sensotistee
outputs that go to the servomotors and a microcontroller whit is controlling
the motors and the sensors. (For the details about the board, ségure 3
and Section 10 { Building the Robo}

The general schema is shown iRigure 2.

For the details about the BrainStem Easy Kit, the servomotors, 8edish
wheels and sensors, s&ection 4 { PPRK BrainStem Easy Kit

“http://www.acroname.com/robotics/parts/R141-PPRK-BS-2.html
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Figure 2: General Schema - The robot is controlled through aydtis held by
a remote person.

Figure 3: The printed circuit board used on the robot



3.2 PDAs

In the project PDAs with bluetooth capabilities were used. Thd?DA makes
a convenient robot controller: it has a signi cant computatonal power in a
small size, it runs on batteries, and in addition to these, it can & used to
display a nice and easy-to-use user interface. Two HP JORNADA 548 PDAs
are used®; one as the remote transmitter and one as the robot controller
The details about HP JORNADA 548 PDAs are available irSection 5 { HP
JORNADA 548 PocketPC

3.3 Bluetooth Wireless Technology

As the means of remote control, bluetooth wireless technologg/used. This
is a short-range radio technology, which makes it possible toaimsmit signals
over short distances between telephones, computers and othevites and
thereby simplify communication and synchronization betweedevices. It is
a global standard which:

provides a mean of communication between stationary and mddbide-
vices

faciliates transfer of information and sound

provides the possibility of ad hoc networks and faciliates syhiwoniza-
tion between all kinds of personal devices

In this design, the remote controller PDA dictates the movemss to the
robot controller PDA via bluetooth. How it is implemented in this project
is examined inSection 9 { Implementation

4 PPRK BrainStem Easy Kit

The Palm Pilot Robot Kit (or PPRK) is a robotics platform developed by
Carnegie Mellon University (CMU) for use with palmtop computers. The
PPRK BrainStem Easy Kit is designed by Acroname such that the BraiStem
GP 1.0 module, which has built-in servo drivers and analog inps, and a
programmable controller that is capable of integer math, as as the sole
controller for the PPRK.

Shttp:/lwww.hp.com/jornada/
Shttp://iwww-2.cs.cmu.edu/pprk/




4.1 Servomotors

The base has three swedish wheels in a triangular formation, thallow
driving in any direction with independent control of rotation, meaning it
moves holonomically in the plane. Servomotors are used forivdng the
robot, because they are inexpensive and have proportional ¢tao of speed
via PWM. They are controlled with a byte sent to the microcontoller. (This
byte should be in the range [0100]. 50 means "stop this motor’, 100 is forward
with full speed, and 0 moves the motor backwards with full speedHowever,
one of the disadvantages of such use is that servomotors are nosideed for
speed-control and therefore their speed in not linearly proponal to the
value of the byte. The CMU group performed some experiments tetermine
the relationship between the speed of a servo and the servo inp@n their
web site, they have provided a cubic regression formula that apgximates
to the speed:

s(v) =39:8053 v 126083 v2+22:1197 v +128:4262

wheres is 'servo value' from 0 to 255 ands is servos' velocity in revolution
per second. For more information, Technical Information pagon the PPRK
web site may be visited. However, a di erent methodology is followed in
this project. The details are discussed isection 8 { Motion Planning.

An open-loopcontrol system is used for these motors. A motor controller
that does not receive any feedback information from the motas an open-
loop controller. The main advantage of open-loop controlig is simplicity,
since controlling the voltage or current going to the motor inough. Its
disadvantages are inaccuracy, inability to deal with uncombllable variables
such as bumps in a oor, inclines, and low batteries, which can eate an
undesirable situation by slowing or stopping the motor. Opposedtthat,
closed-loopcontrollers can sense the motion of the motor and compensate by
increasing or reducing the power.

4.2 Swedish Wheels

As mentioned above, the PPRK BrainStem Easy Kit has three swedish
wheels. Figure 4) These are a variation of omnidirectional wheels. Om-
nidirectional wheels allow a robot to drive on a straight patifrom any point
to any other point on the oor, without having to rotate rst. M oreover,
the translational movement along a desired path can be combihevith a
rotation, so that the robot arrives to its destination at the carect angle.

"http://www-2.cs.cmu.edu/~pprk/tech _info.html



Omnidirectional wheels are all based on the same general piple: while
the wheel provides traction in the direction normal to the mtor axis, it can
roll passively in the direction of the motor axis. In order to acleve this, the
wheel is built using smaller wheels attached along the periptyeof the wheel.

P

Figure 4: Swedish wheels used in BrainStem

4.3 Holonomic Motion

A holonomic system is one in which the number of degrees of freed are
equal to the number of coordinates needed to specify the comigation of the
system. In the eld of mobile robots, the term holonomic mobile abot is
applied to the base. Thus, any mobile robot with three degreed$ reedom
of motion in the plane has become known as a holonomic mobilebot.
Holonomic mobile robots are desirable because they do not havedmatic
motion constraints, which makes path planning and control mucsimpler.
The robot can drive on a straight path from any point to any othe point
on the oor, without having to rotate rst. Moreover, the tran slational
movement along a desired path can be combined with a rotatioso that
the robot arrives to its destination at the correct angle. Thé type of motion
is made possible by omnidirectional wheels placed i"0 120" and 24Q"
degrees on the plane. These wheels have rollers that allowrnth&o freely roll
sideways but control the motion in the direction the wheel is ginting.

4.4 GP2D12 Sensors

Sharp GP2D12 infrared triangulation sensors are available tmeasure dis-
tance from the robot to an obstacle. Since these devices use dinposition
sensitive devices (PSD), their measurements are accurate topagximately
1 cm. The CMU group have approximated the distance by using a pew
regression:



d(s) = 2141:72055 (s 1078867

whered is distance in cm ands is sensor's value from 0 to 255. The sensors
provide meaningful values for any obstacle existing in a rangé 10 to 80 cm;
outside this scale they can lead to wrong results. The sensors ar¢ n@ade
use of in this project.

5 HP JORNADA 548 PocketPC

The HP JORNADA 548 PocketPC is a lightweight PDA with Windows CE
running on it, a Hitachi SH3 processor and 32MB RAM. It has an RS232
serial port, which is used for I/O (the motors and the sensors), and Com-
pactFlash Typel card slot. | used this slot for bluetooth cards. Facharging,
the PDA has a cradle. The cradle can be connected to a desktopraigh
USB, so that you can exchange data, and in our case, install yourqgrams
on the device.

6 BLUETAKE BT100SPLUS Bluetooth Com-
pactFlash Card

Since the HP JORNADAs have no built-in bluetooth technology, | us#
BLUETAKE BT100S-PLUS Bluetooth CompactFlash Cards for bluetoth
communication. It has an internal antenna so that a PDA with a ompact
ash port can use bluetooth. It has a carrier frequency of 2.4-483 GHz
and data rate of 1 Mbps. They come with software on CDs to installot the
PDA. For more information about the cards, you can check the dasheet8
and the manual§ on the BLUETAKE web site.

7 Design of the Robot

The project has two main components: The PDAs and the robot. Theobot
is to be controlled by a PDA mounted on its base, which in turn isontrolled
by a remote PDA via bluetooth connection. The controller PDAs connected
to the board through the RS232 serial port. The remote PDA is ctrolled

8http://www.bluetake.com/Datasheets/BT100S-PLUS/BT100S-PLUS _EN.pdf

Shttp://www.bluetake.com/Manuals/BT100S-PLUS/BT100S-PLUS _BTW _QSG.pdf
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by a person using the stylus, so it should have a graphical user intace.
The communication between the PDAs is via bluetooth, for whit virtual
serial ports (COMS5 as the inbound and COM6 as the outbound sefiport)
are used. Finally, there should be a microcontroller that is emected to the
sensors and motors through the board, and to the controller PD#hrough
the serial port. The implementation details are discussed belpw Section
9 { Implementation.

8 Motion Planning

As mentioned before, the robot can move in any direction withd having to
change the orientation of its body, rotate in place or rotatas it moves.

7

Figure 5: Rotation in place

In the Physics section of the PPRK web sit¥, some information on
holonomic motion control can be found. However, through thiproject, a
di erent procedure was followed, as explained below.

In this project, the robot would move in the direction pointel by the sty-
lus. As seen inFigure 6, the plane that the base moves on can be considered
to be divided into three regions by three unit vectorsV,, V, and V3. These
three vectors have been chosen speci cally, because the basemane easily
on any of these three lines (in either positive or negative dicgon), when
two of the motors are given the same speed (in opposite directg)rand the
third is stopped. For instance, for linear motion in the positie V; direction,
15t motor must move with velocity v, 3 motor must move with velocity

v and the 29 motor must stop { so that the second wheel will roll freely
to allow perpendicular motion to its axis and the other two wi drive the
base(Figure 7)

It is clear that every vector in the plane can be represented aslinear

combination of any two of these vectors. If we consider the plares divided

POhttp://vww-2.cs.cmu.edu/~pprk/physics.html
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into three regions, a vector is in a region if it has an acute atgwith the two
unit vectors that bound the region. It can easily be representeas these two
unit vectors' linear combination. The constants of the vecta in this equation
specify how much one of them dominates on the other. (For instae, if a
vector lies just in the middle of the two unit vectors, both the onstants
will be 1.) Remember that we can assign the motor velocities sutimat the
base will move (with some prede ned constant speed) in the diréon of a
unit vector. (i.e. RespectivelyV, 0 and V for V; direction.) Then we can
calculate the motor velocities forV; by considering the constants that we
have calculated above as:

V3

Figure 8: A sample calculation

Let us examine how to represent a sample vector that we want tolli@wv,
say V.(Figure 8) First of all, we know that angles betweerV;, V, and Vs
and the positivex axis ( , and ) are 3@, 150 and 270 respectively. Let
also the angle betweeir and x{axis be . Also, the following trigonometric
equations hold forx and y{axis components ofV;, if it lies in, say, the 3¢
region:

Vr cos =¢ V; cos +¢c Vi cos

Vi sin =¢ Vi sin +c¢ Vi Sin

for a velocity vector Vy, the length of which will be assumed to be 1, with no
loss of generality, since we are only interested in its directio Also V; and
V3 are unit vectors, so both have length 1.

So we can calculate; and ¢z, and use them in the calculation of motor
velocities.

Since the vector is in the third region, we will represent it aa combination
of 15t and 39 unit vectors. So we can write:

11



Vi=¢g Vi+cg Vi

Then each motor velocitym' of motor i will be the linear combination:

m=c my+c my,

That is, each motor has a speci ed velocity to go in the directio of a unit
vector. To calculate its velocity, we use the speci ed veloads forV; and V3
directions. (Since the direction vector is in third region.)Then we multiply
the constant velocities of these directions with the constantae calculated
and add them up. Three such summations will result in three veldes for

three motors.

9 Implementation

The design explained above relies on three controllers in érent stages. On
the lowest level, there is the microcontroller that allows tB communication
between the motors/sensors and the controller PDA. This is respsible with
listening for the values coming from the GP2D12 sensors and diteng them
to the PDA, as well as listening for the commands from the PDA andirect-
ing them to the motors. These communications are made throughé¢ RS232
port of the PDA. The JORNADAS have a special cross cable, one end is fo
th PDA, and the other is a female RS232 end (9-pin). For conneng this
end to the board (and to the microcontroller, by this way), a spcial cable
has been crafted, which connects the'® 39 and 3" pins (i.e. the pins RX,
Tx and Ground) of this end to the board. No handshaking mechanissrwere
used for serial communications, so other pins were not necessafeéFigure
9)

The controller PDA (being placed on the base) is the receivepoif the
bluetooth connection. It listens for motor commands from theemote PDA
and then sends them through serial port to the microcontroller

Finally, the third controller is the remote PDA that provides the graphical
user interface, listens for interrupts from the stylus, calcutas the necessary
motor velocities for the movement wanted (Se&ection 8 { Motion Planning
and 9.1.4 { Implementing the Motion) and sends them through bluetooth
connection to the rst PDA.

12



Figure 9: The cable and the connections

9.1 PDA Software Implementation

For the software, it is possible to use Visual C++, Visual Basic and Waba
(or Superwabd?) (for Java programmers). In this project, Embedded Visual
C++ was used.

9.1.1 Controlling the Robot Through the Serial Port

In the project, serial ports are used extensively. First, the caroller PDA ac-
cesses the microcontroller (which in turn accesses the motorglahe sensors)
through the COML1 port. Second, the communication between thPDAs are
established through virtual serial ports { an abstraction of thebluetooth
software, that provides an easy-to-use program interface. Fprogramming
with serial ports, Win API can be used (remember Windows CE is ruring
on the PDAs. For Palm programmers, PalmOS also provides similar ABI
In this project, the SerialPort wrapper class by K. V. Shib&? was made use
of, which provides a convenient abstraction for the Win API funtions.

Communication through serial ports is a relatively easy-touderstand
procedure. It uses a transmitter to send data, one bit at a time,wer a
single communication line to a receiver. This method can be usehen data
transfer rates are low or you must transfer data over long distars. There
are four parameters that must be speci ed after opening the por

http://sourceforge.net/projects/superwaba/
2http:/iwvww.codeguru.com/Cpp/I-N/network/serialcommunications/article.php/c5 395/
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Baud rate of the transmission

Number of data bits encoding a character
Whether or not a parity bit will be used
Number of stop bits

so that the receiver can interpret data coming from the transntier correctly.

Each transmitted character is packaged in a character framéat consists
of a single start bit followed by the data bits, the optional pary bit, and the
stop bit or bits. Baud rate is a measure of how fast data are movingebveen
instruments that use serial communication. In this project, 980 baud, 1
stop bit and no parity bits is used for both virtual and physical prts. No
handshaking mechanisms were used at hardware level.

9.1.2 Bluetooth Connection

The bluetooth software allows bluetooth connection to be useda virtual

serial ports. This means an abstraction is provided for prograsnso that
they can communicate via bluetooth. The virtual serial portsare COM5 (to
receive data) and COM®6 (to transmit data). (This is an arbitray choice of
the bluetooth software used in this project. For instance, COM7# COM8

pair may be preferred by other software.) In this project, thelesign dictates
only one receiver (the robot controller PDA) and one transmitr (the re-
mote PDA); so the rst one opens COMS5 port and listens for incominglata
interrupt, while the latter opens COM6 and listens for user (stys) input,

calculates motor velocities and send them to COM6. The bluebth software
is responsible with transmitting the data between the PDAs.

9.1.3 User Interface

When programming for the PDAS, the graphical user interface cinges slightly,
since it mostly depends on the interrupts from the stylus, insteadf the
mouse. In Windows API, the stylus is also implemented as the left onse
button, which makes the whole programming task a lot less comgpated. So
for instance, the WM_.LBUTTONDOWN event, which is sent to the window
when user clicks the left mouse button, is sent now when the userthes
the screen with the stylus. Likewise, the event WMVMOUSEMOVE (orig-
inally meaning that the user is moving the mouse while the left diton is
still pressed) now means that the user is moving the stylus on the sen.
These events, together with the WMLBUTTONUP (which means “stylus is

14



raised’) has been used in this project, to take user input on theemote PDA
side.

9.1.4 Implementing the Motion

The robot is designed such that the person controlling the robahrough

the remote PDA has been given two options: Simultaneous coaotrof the

robot, or a plan-and-let-it-go scheme. In the rst one, as the ser moved the
stylus on the screen, the PDA was simultaneously calculating theecessary
motor velocities (to go in the same direction with the stylus) ad sending it

through the bluetooth to the controller PDA. The controller was continuously
listening for motor commands, so it was also simultaneously forwding the

commands to the microcontroller through the serial port conected to the

board. The microcontroller, when interrupted with a charater "a’, would

know that three commands (velocities respectively fot, 2" and 39 motors)

would be sent, then catch them and redirect to the motors in tisi order.

In the second scheme, the user was allowed to draw a gure comelgt
while the robot would be waiting for the "Go!" signal. As he/she rw, the
path drawn would be saved in the program, as well as drawn on tlsereen.
When the user completed the gure, clicking to the button woud trigger
the remote PDA to start calculating the motor velocities at (vrtually) every
point of the path and send them to the controller PDA one by one.

The calculations would therefore be held completely at therst PDA,
and the second PDA would act as a middle way bridge, being sigoant
only due to its bluetooth capabilities. For calculations, themethodology
explained in Section 8 { Motion Planning was followed. For each movement,
the point that the stylus rst touched the screen was taken as therigin, and
the direction it moved to was calculated (i.e. the angle beten the direction
vector and the positivex { axis). Then the region that the direction vector
lied in was calculated (#, 2" or 39) This speci ed which two unit vectors
would be used in implementing the motion. Then the constants dhe unit
vectors would be calculated as explained before, and the eesary motor
velocities would follow from these constants. The velocitiesould then be
sent over the bluetooth connection.

9.2 Microcontroller Implementation

The microcontroller rst aligns the robot by stopping all the motors. Then
it sits in a tight loop and waits for an "a' character to arrive fom the serial
port. When it comes, it also waits for three other bytes. These tlee bytes
are distributed to the motors one by one starting from the rst mdor. This

15



is achieved as follows: First, if the velocity for one of the mots is 50,
nothing is done. (Remember 50 means ‘stop'.) Otherwise it is $ea with

an empirical factoring constant (This constants are found enipcally since
each servo might work slightly di erently due to manufacturirg) and the
calculated velocity is “pulsed' to the motor. In one iteratia out of ten, the
microcontroller also reads the values coming from the sensorglesends them
to the controller PDA. These values are not used for this projedtowever.

10 Building the Robot

10.1 The Board

The board has been prepared by Bugra Koku and Maya Cakmak, sxi cally
for this project. It has three pins that is connected to the P through the
serial port { Rx, Tx and Ground. The microcontroller sits on the board
and receives the sensor inputs through the analog inputs on tiheard. The
board has also three digital outputs connected to the motors SeeFigure 10
and Figure 11)

0 o - o oo

o0~ 00~ 000

Figure 10: PCB Layout of the board that has been designed and plemented
by Bwra Koku and Maya Cakmak

10.2 Etching Process

For preparing the board, the procedure known as wet etchingas followed.
It is the simplest etching technology. It requires a containewith a liquid

solution that will dissolve the material in question. However thee might be
complications since usually a mask is desired to selectively ettte material.
This mask is used to draw the desired pattern on the material. A nsk

16



Figure 11: The board schema implemented by Bugra Koku and May
Cakmak
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must be found that will not dissolve or at least etches much slowehan the
material to be patterned, so that the pattern will not dissolve viereas the
other parts of the material dissolves. This is a simple technolggand usually
works well if you can nd the right combination of etchant andmask material
for your application.

11 METU Fair

Every year, Middle East Technical University holds a fair, so thathe to-
be Bachelor of Science students ask questions and nd out moreaaib our
departments. Our robot has also attended the fair, to give thenan idea
about what robotics is! Although most of them has not seen {or condlled{
a robot before, many of them were rather well-acquainted witPDAs (which
was one of the advantages of using a PDA with a user-interfaceso they
all could try to draw the most artistic signature on a sheet of pap& This
was made possible by attaching a string to the base of the robot, dra
pencil to this string. So while the robot moved, it also draw thie signatures.
Seeing a robot out of Asimov's books in real life made them cuus about
our department, and we were very pleased to see this.
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