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ABSTRACT

In this age of fast changing technology, robots become part and parcel of our
lives and yet it undergoes research and development in order to perform various of
tasks. However, two-wheeled balancing robot nowadays could be considered as a
challenging task for the robot hobbyists. For this project, Brain Board and Balance
Board are the two most important elements for the two-wheeled balancing mobile
robot system in order to make it has the capable of balancing upright of two wheels,
as well as to interface or communicate effectively with the wireless PS2 controller
via the aid of PSC28A I/0 converter. Hence, the software of BrainBoard Code Editor
provided can be used to develop our own navigation system which will then be
loaded into the ATMEGA32 microcontroller on the Brain Board. Finally, the two-
wheeled balancing robot can be navigated wirelessly by using the remote control of

wireless PS2 controller.
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ABSTRAK

Dalam era teknologi yang berubah dengan pantas, robot menjadi sebahagian
yang tidak dapat dipisahkan daripada kehidupan kita dan malah masih di bawah
kajian dan pembangunan untuk melakukan pelbagai tugas. Namun demikian, robot
yang beroda dua pada masa kini boleh dianggap sebagai tugas yang mencabar bagi
peminat robot. Dalam projek ini, Brain Board dan Balance Board merupakan dua
elemen yang paling penting bagi robot beroda dua ini untuk menjadikannya memiliki
kemampuan untuk mengimbangi tegak dua roda, serta dapat berkomunikasi secara
berkesan dengan wayarles kawalan PS2 melalui bantuan PSC28A I/O penukar. Oleh
itu, perisian BrainBoard Code Editor yang disediakan boleh digunakan untuk
membina system navigasi kita sendiri yang kemudian akan dimuatkan ke dalam
mikrokontroler ATMEGA32 di Brain Board. Akhirnya, robot yang beroda dua ini
boleh dinavigasi tanpa kabel dengan menggunakan pengawal jauh kawalan PS2

wayerles.
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CHAPTER 1

INTRODUCTION

1.1  Background of Project

The research and development on two-wheeled balancing robot or commonly
known as balancing robot or balbot has gainéd moementuns over the last decade in a
number of robotics laboratories around the world due to its inherent unstable
dynamics of the system since it was built based on the inverted pendulum model. In
brief, an inverted pendulum model is a pendulum which has its mass above its pivot
point. Therefore, with the uniqueness of this model has drawn interest from many
researchers as well as robot hobbyists around the world because of the unstable
nature of the system. By then, it requires good control systems which capable to
control itself in upright position dynamically balanced. Indeed, various type of
controllers have been greatly implemented by the robotics researchers around the
world currently such as Pole-placement controller, Linear Quadratic Regulator
(LQR), Proportional-Integral-Derivative controller (PID) as well as Fuzzy Logic

controller.

However, the main purpose of this project is to design and develop a two-
wheeled balancing robot which has the capabilities to balance itself on flat terrain
and hence navigated by the PS2 controller application. Briefly to say that this project
would emphasis on the wireless communication between the two-wheeled balancing
robot and the PS2 controller with the aid of PS2 I/O converter in order to interface
effectively with the ATMEGA32 microcontroller of the Brain Board. However,
BalBot Advanced is chosen as the model or platform to carry out this project as this




robot does not only solve the balancing problem but the robot could autonomously
move around. In addition, the PID controller provided can be easily retuned with just
modify the program in the balancing board, as such analysis can be done on it as
well using MATLAB simulation.

However, recently many robot hobbyists would implement PS2 controller to
control the navigation of the mobile robot built. Compared to other wireless
communication application such as radio frequency (RF) and XBee, wireless PS2
controller would be a better choice as it could be navigated by the available joystick
application. More importantly, vibrator motor available on the wireless PS2
controller would be an advantage for this project. However, the infrared sensors
equipped in the mobile robot could able to detect the obstacles as getting close to
them. Hence, a signal will be sent to the PS2 controller from the mobile robot to
alarm the user not to move closer to that particular obstacle in order to protect the
mobile robot. By then, the vibrate mode of the PS2 controller will be activated and
the PS2 controller will be vibrated. It is cleared that this could be considered an extra
function added compared to the previous two-wheeled balancing robot with remote
control project which had been implemented.

In addition to that, the wireless PS2 controller does provide more buttons
in order to expand more functions to be implemented on the two-wheeled balancing
robot. However, the PS2 /O converter of PSC28A in this project helps to convert
the button and joystick information on PS2 controller into open collector output. As
such, interfacing of the two-wheeled balancing robot with the wireless PS2 will be
much more easy and faster. Apart from that, 40 pin PIC16F877A is provided for on-
board programming purpose. Besides, each button pressed can be monitored via the
LED indication on the PSC28A circuit board.
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ii.

1.4

Problem Statement

The problem statement for this project is stated as below:

To implement wireless hardware interfacing for the purpose of positioning
control or navigation of Two Wheeled Balancing Robot.

To navigate the balbot wirelessly with retaining its balancing and stability

Objective of Project

The objectives of this project being carried out are stated as below:
To interface the two-wheeled balancing robot with the remote control.

To control the navigation of the two-wheeled balancing robot in stable
condition.

Scope of Project

The control system for the two-wheeled balancing robot emphasis on

sensory applications and servo motor control function via the controller and

navigated by the remote control. Briefly to say that this project covers the areas of

research as below:

Develop a stable self balancing two-wheeled balancing robot navigated by

remote control.

To navigate wirelessly of the two-wheeled balancing robot with PS2

controller.




1.5 Project Summary

In brief, the project methodology can be divided into two parts which are
hardware and software part. In this case, the hardware part refers to the Balance
Board and Brain Board interfaced by I2C communication. On the other hand, the
programming part written in C code would be the software part of this project which
crucially in determining each button function as well as the navigation of the two-
wheeled balancing robot. However, the software part for this project can be
accomplished via the software “BrainBoard Code Editor” whereby the programme
written in text form will then converted into hex file and finally burnt into the
microcontroller using MEGA32ISP software.

The 12C communication can be defined as the Inter Integrated IC which
commonly used to connect the microcontroller into the system. However, it is
designed to be low cost and yet easy to implement with moderate speed up to
100Kb/s for standard bus and up to 400Kb/s for extended bus. Due to its good
support for communication provided with various slow, on board peripherals devices
that are accessed intermittently, therefore it become extremely modest in its
hardware resource needs. Briefly to say that it is a multi master serial single ended
computer bus that widely used in attaching low speed peripherals to a motherboard,
embedded system or cell phone. Figure 1.1 illustrates the block diagram for wireless
navigation in two-wheeled balancing robot.

An external system such as a microcontroller in Brain Board will be
connected to the Balance Board expansion connector in order to control the Balance
Board and to receive sensor information from the Balance Board. However, the data
is exchange over the I2C bus. The balance processor chip (BCP) equipped in the
Balance Board acts as an I2C slave. For communicating with it, a separate
microcontroller would act as an 12C master. The microcontroller will initiate 12C
read commands to receive data, and I2C write commands to transmit data to the BPC.
While writing data, the master should always write 10 bytes. Meanwhile when
reading data, it should always read 18 bytes [1].



The navigation of the two-wheeled robot is controlled by the wireless PS2
controller. However, as the buttons of the PS2 controller is pressed, hence the
PSC28A ‘will receive the signal wirelessly and finally received by the
microcontroller of the Brain Board. By then, the microcontroller would process the
data received before sending appropriate signal to the Balance Board whereby the
BPC would use this data to drive the two DC motors so that it would keep the
mobile robot in the center of gravity above the wheels all the time or, in the other
word keep it balances instead of navigating according to the signal received from the
wireless PS2 controller.

Input Sensor

Atmel : Navigation

ﬁ Microcontroller
Wireless . ﬁ
PS2 controller 12C interfiics

Balance Board

Figure 1.1: Block Diagram for Mobile Robot’s Navigation



1.6  Flow of Project

The progress flow on the implementation of the project can be shown in the
flow chart as illustrated in figure 1.2. It summarized all the work had been done
throughout the imblementation of the project on two-wheeled balancing robot with
remote control from the project planning till the hardware interfacing. Furthermore,
the Gantt charts in table 1.1 and table 1.2 show that the detailed of progress flow.
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Table 1.1: Final Year Project I Gantt Chart
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ACTIVITY 2|3 1213 2|13|4|1]2]|3 2|3 2|3
Seminar Attend

Briefing PSM 1 by the coordinator

Research Title Given
Title was given after we meet Supervisor

Data Collection
Find journal research (Literature Review)
Compile and write research in Log Book
Discussion on assigned research title

Preparation Proposal Writing
Preparation of proposal report
Preparation of thesis report
Submit and checked by Supervisor

Slide Presentation
Preparation of Presentation Slide
Submit slide and checked by Supervisor
Submit presentation approval form to coordinator

Presentation PSM 1(Seminar 1)
Present in front of panel
Forward panel comment to supervisor

Submission Report & Preparation for PSM2
e  Preparation full report with correction
Submit full report and log book to Supervisor
Proceed the project work and discuss with
Supervisor




e ——
Table 1.2: Final Year Project I Gantt Chart
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Software Development
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e Submit Abstract, Presentation Slide and Evaluation

Form to Panels
° Attending PSM 2 Seminar and Demo Session

Compilation and Submission of Thesis
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Conducting literature review is considered crucially important especially for
those who undertake research projects which will provide them with relevant
information or detail regarding to technology available and methodologies that had
been implemented or used by other researchers on related topics. However, this .part
would provide condensed summary of literature reviews on key topics which related
on how to balance a two-wheeled mobile robot as well as application of wireless

control with wireless PS2 controller are discussed.

22  Balancing Robots

The inverted pendulum is a pendulum which has its mass above its pivot
point. However this problem is not uncommon in the field of control engineering
nowadays. Meanwhile, with the uniqueness and wide application of technology
derived from this unstable system has drawn interest from many researches and
robot hobbyists around the world. Currently, the idea of a mobile inverted pendulum
model is greatly applied by the researchers to various problems like designing
balancing scooter, robotic wheelchairs as well as personal transport system.

The researchers at the Industrial Electronics Laboratory at the Swiss Federal
Institute of Technology, Lausanne, Switzerland had successfully implemented a
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scaled down prototype of a Digital Signal Processor (DSP) controlled two-wheeled
vehicle based on the inverted pendulum model with weights attached to the system
to simulate a human driver, namely JOE (figure 2.1). In brief, the control system
used to achieve the stability of the system is based on two state-space controllers,
utilizing sensory information from a gyroscope and two incremental encoders

mounted on each dc motor [2].

Figure 2.1: JOE
(http://leiwww.efpl.ch/joe)

And yet another two-wheeled balancing robot similar to JOE developed by
David P. Anderson which makes use of commercially available inertial sensor and
the position information from the motor encoder to balance the system, called nBot
(figure 2). The robot would remain balanced as the system could able to drive the
wheels in the direction that the upper part of the robot is falling. Four terms used to
define the motion and position of the system which then summed and fed back to the
platform as a motor voltage that is proportional to torque in order to balance and
drive the robot [3]:
i. The tilt angle
ii. Its first derivative, the angle velocity

iii. The platform position
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iv.  Its first derivative, the platform velocity

Apart from that, Steven Hassenplug who had successfully built a two-
wheeled balancing robot called Legway (figure 3) using the LEGO Mindstorms
robotics kit. However, two Electro-optical Proximity Detector (EOPD) sensors
which based on the Infrared Proximity Detector (IRPD) circuit were used in order to
provide the tilt angle of the robot to the controller and maintain a constant distance to
the ground which programmed in BrickOS, a C/C++ like programming language
specifically for LEGO Mindstorms [4].

Figure 2.2: nBot

Figure 2.3: Legway

However, Segway PT (figure 4) is one of the examples of commercially
available system which has been invented by Dean Kamen. This personal
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transportation is able to balance a human standing on its platform while the user
traverses the terrain with it. More importantly, the computers and motors in the base
of the device keep it upright when powered on with balancing enabled. By then, the
users lean forward to move forward and lean back to move backward, finally able to
turn it by using a “Lean Steer” handlebar for leaning it left or right. Specifically, it
balances with the help of dual computers running proprietary software, tilt sensors
and five gyroscopes.

Figure 2.4: Segway PT

In the paper of Peter Miller on building a two wheeled balancing robot stated
that some important elements in designing a stabilize two-wheeled robot system
such as inertial sensors, shaft encoders, control algorithm and microcontroller as the
brain of the robot to complete computations and process data by executing
instruction or programming[5]. However, fuzzy logic controller is implemented to
ensure the stability of the system. The Matlab is chosen as the simulation platform to
work for stability and locomotion analysis.

Similarly, Zatil Hanan Binti Ahmad Lutpi from Universti Teknologi
Malaysia who taken the research on position control of two wheeled inverted
pendulum mobile robot. However, the paper described that the mobile robot would
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balance on its own body and always place on center of gravity as both the values of
analog reading GP2D120 IR distance sensor produce same value. Instead, the
GP2D12 is chosen to work as the input for the path control algorithm{6].

Moreover, under the research on [7] of modelling and control of a balancing
robot using digital state space approach defined that modelling is the process of
identifying the principal physical dynamic effects to be considered in analyzing a
system, writing the differential and algebraic equations from the conservation laws
and property laws of the relevant discipline, and reducing the equations to a
convenient differential equation model. In brief, the dynamic performance of a
balancing robot depends on the efficiency of the control algorithms and the dynamic
model of the system. Some assumptions and limitations have been mentioned in
order to make the modelling of the balancing robot a reality which stated as below[7]:

i.  Motor inductance is neglected and the current through the winding is not
considered in the equation of motion of the motor
ii.  The wheels of the robot will always stay in contact with the ground
iii.  There is no slip at the wheels

iv.  Cornering forces are also negligible

Shiroma et al. (1996) presented the ‘Cooperative Behaviour of a Wheeled
Inverted Pendulum for Object Transportation’ by showing the interaction of forces
between objects and the robot by taking into account the stability effects due to these
forces[8]. This research highlights the possibility of cooperative transportation
between two similar robots and between a robot and a human.

Chinichian (1990) design and analyze a controller for balancing one
pendulum with two degrees of freedom, “spatial inverted pendulum”. The pendulum,
with two degrees of freedom, has a three dimensional motion, and it will be more
analogous to the design of a controller for attitude control during launching a rocket.
A full state-variable feedback controller design for a state-space linear model of a
three dimensional inverted cart/pendulum system is presented. This design was
based on pole-placement technique. Alternative solutions to the simple pole-
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placement technique were also proposed to exploit non-uniqueness of the feed-back
gains for a certain closed-loop pole locations and the closed-loop system response
was simulated on a digital computer.

2.3  Control System

The two-wheeled balancing robot would require a control algorithm in order
achieve the stability of dynamics of the system. Basically, it can be divided into two
types of control systems, namely linear and non linear control system which widely
implemented on inverted pendulum system such as proportional-integral-derivative
(PID), linear quadratic regulator (LQR), pole-placement and fuzzy logic controller.

However, with the rapid increasing of the aged population in countries like
Japan has prompted researchers to develop robotic wheelchairs to assist the infirm to
move around (Takahashi et al. 2000). The control system for an inverted pendulum
is applied when the wheelchair manoeuvres a small step or road curbs. Meanwhile
on a higher level, Sugihara et al. (2002) modelled the walking motion of a human as
an inverted pendulum in designing a real time motion generation method of a
humanoid robot that able to control the centre of gravity by indirect manipulation of |
the Zero Moment Point (ZMP)[10]. The real time response of the method provides
humanoid robots with high mobility. An example of humanoid robot is ASIMO as
shown in figure 2.5.

Instead, Ong Yin Chee and Mohamad Shukri b. Zainal Abidin from
Universiti Teknologi Malaysia who had undertake the research on design and
development of two wheeled autonomous balancing robot (figure 2.5). The
information on current position and tilt angle of the robot are acquired from the
distance measuring sensors (Sharp GP2D12) mounted on an aluminum strip placed
at the front and back of the robot. Hence, the analog voltage output from the sensor
will converted into digital value via A/D converter of microcontroller then inputs it
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into PID control algorithm as shown in the figure 2.7 to determine the speed and
direction of the motors. Finally, the robot could stand it upright in stable condition
and able to be navigated by RC remote control. In brief, these sensors are used to

detect the current position and tilting angle of the mobile robot [11).

Figure 2.5: Advanced Step in Innovative Mobility (ASIMO)

Figure 2.6: Two-wheeled autonomous balancing robot
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Figure 2.7: Block diagram of PID control

Rich Chi Ooi who undergoes research on balancing a two-wheeled
autonomous robot as illustrated in the figure 2.8 described on how the PID controller
working for the trajectory control. The PID controller which displayed in figure 2.9
is useful as it will ensure that the position errors between the wheels are minimized,
so that the robot will move in a straight path. However, the PID controller used a set
of tuning rules which is based on the Ziegler-Nichols method. The encoder reading
difference is passed through the PID loop to obtain the required feedback to be
added to the motor controller [12] which can be illustrated in the block diagram
below.

Figure 2.8: Balancing a two-wheeled autonomous robot
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This chapter would emphasis on the balancing of the two-wheeled inverted
pendulum mobile robot and the application of wireless remote control function on
the mobile robot. Besides, interfacing between the wireless PS2 controller with the
two-wheeled balancing robot will be greatly discussed, instead of explain testing
procedures being carried out on the PSC28A circuit board which will then be applied

on the mobile robot for wireless communication purposes.

3.2 Balancing Mode

The balancing mode for the two-wheeled balancing robot refers to the ability
of the mobile robot balances on its body, or in the other words mean that the mobile
robot could stand it upright in dynamically stable condition and hence navigated by
wireless PS2 controller. However, the PID controller as well as the infrared distance
sensor of GP2D120 plays the crucial role in achieving the stability of the two-
wheeled inverted pendulum mobile robot in the manner that to ensure it stands
upright on flat terrain while navigated, or keep the center of gravity of the mobile
robot above the wheels all the times. Thus, two analog infrared distance sensor are
used and located in front side and back side between the two DC motors on the two-
wheeled mobile robot. Therefore, data obtained in analog form from the sensors will

be read by the microcontroller in the Brain Board and then appropriate command
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will be sent to Balance Board to drive the two DC motors that will ensure the mobile
robot balance all the time. Figure 3.1 illustrates on how the balancing of the two-
wheeled mobile robot is achieved or worked with PID controller and analog infrared
sensor GP2D120.

- PID i Mdobile robot DC motor
Sp T N

IR Distance
Sensor GP2DI120

Figure 3.1: Block diagram for balancing mode

3.2.1 PID Controller

For our information, PID controller shown in figure 3.2 stands for
Proportional-Integral-Derivative controller which can be considered as a linear and
feedback type of controller that widely used in the robotics technology recently
especially dealing with unstable inverted pendulum application, it is because of its
simple implementation provided with three adjustable parameters of proportional K,
integral K; and derivative Ky4. Instead, another three important terms for PID
controller that needed to be considered are set point (SP), controlled variable (CV)
and manipulated variable (MV).

However, the set point refers to the desired value set in the system. On the
other hands, the manipulated variable can be defined as the actions taken by the PID
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known as process variable is defined to as the measurable output of the system

which will be used to compare to the set point of the system.

K;, K and K4 which have been mentioned above which are the important
parameters for this PID system and have their own functions. As for the proportional
gain, larger values will give faster response due to the larger the error, the larger the
proportional term compensation. However, excessive or over tune for this parameter
would lead to process instability and oscillation will be obtained. The steady state
errors will be eliminated more quickly as the system is provided with higher value of
integral gain, but it will lead to large overshoot if tuned improperly. On the other
hand, the derivative gain plays an important role in decreasing the overshoot, but

slow down transient response of the system.

P K e(1)
-Setpoint+ Emor+ 1 K,Ie(r)df Output—»
0
P g0
<

Figure 3.2: Block diagram of PID controller

3.2.2 Analog GP2D120 IR Distance Sensor

For the balancing system purposes, hence two analog IR distance sensor
(Sharp GP2D120) is chosen to work as inputs to read the distance on floor surface
and then it can balance afterward. This analog distance sensor could cover for the
range of 4 to 30cm as shown in figure 3.3. However, by referring to appendix B is a
datasheet of GP2D120 in terms of specifications which shows that this sensor
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provides a non linear analog output voltage versus distance to reflective object. The
object is detected by this sensor is a distance from the sensor to the flat floor surface.

B

Lt

Figure 3.3: Sharp GP2D120 Infrared Distance Sensor

Refer to figure 3.4 and 3.5 shows that a way of this IR sensor reads the flat floor
surface as well as for moving surface. Each of them composed of an emitter and a
receiver. The emitter will send the signal to the flat floor surface and the distance of
surface is obtained and hence calculated that greatly depending on the reflected signal
back to the receiver of the IR sensors. In the figure 3.5, it shows that a proper alignment
when a mobile robot is moving, the sensors will read the moving surface and measures
the different data of sensors due to altering of environment. This changes of data from
the sensors will send to the microcontroller and gives a command to the Balance Board,
so that adjustment will be done by driving the two motors in a manner that will keep the
center of gravity above the wheels at all times. As such, the mobile robot could balance
all the time especially during the navigation controlled by the wireless PS2 controller.

(AVOID IF POSSIBLE)

O — D)

Figure 3.4: Proper alignment surface being measured

(AVOID IF PUSSIBLE) |PHEFERRED)
. j . :I EIHEC"DON
VEMENT
UHE(.IIUN OF MOVEMEN
CF MOVEMENT
GPID120-2

Figure 3.5: Proper alignment to moving surfaces
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33 Wireless Communication

For the navigation of the two-wheeled mobile robot, wireless PS2 controller
is chosen instead of using RC remote control and RF application due to its cost
effective and easy to implement. Apart from that, it can be controlled in a wider
range compared to the RF application. More importantly, with the two joysticks
provided in the wireless PS2 controller and yet suitably used to navigate both of the
DC motors respectively.

However, with the plenty of buttons provided in the wireless PS2 controller,
able to expand the function or features of the two-wheeled balancing robot. In
addition to that, a feature is added to this project that is fully utilized the function of
the vibration found in the wireless PS2 controller.

3.3.1 Wireless PS2 Controller

In order to provide navigation for the mobile robot built, however more and
more developer and robotics hobbyist are looking into implement existing joystick
such as Play Station 2 (PS2) controller in their system. The major problems dealing
with this application such as difficulties to obtain the connector socket for PS2
which is unique and difficult to source as well as require great understanding in the
protocol to communicate with it. Instead, the process of implementing the PS2
controller protocol to acquire the status (digital and analog) of each button and
analog stick are troublesome and time consuming.

With the problems arisen above, therefore the implementation of wireless
PS2 controller as shown in figure 3.6 into the project would be considered as a great
challenge. However, this application could able to expand more features or functions
of the two-wheeled mobile robot to make it multifunctional. Compared to the
previous two-wheeled mobile robot that navigated by the RC remote control, the



i

24

wireless PS2 controller provides plenty buttons and two joysticks with extra internal
feature of vibration mode. Due to its cost effective, thus makes it a better choice for
the robot hobbyist to apply it on their mobile robot compared to ordinary RF
application. More importantly, stable data transmission of the wireless
communication and thus make it easily interfaces between the wireless PS2 remote
control with the two-wheeled mobile robot.

Figure 3.6: Wireless PS2 Controller

Figure 3.7 illustrate the labeled 14 buttons found the wireless PS2 controller.
However, each button will control an output at PSC28A. Instead, another interesting
feature offered by this PS2 controller would be the two analog joysticks which
labeled with direction as shown in figure 3.8. Besides, the vibration features offered
by this PS2 controller can be activated via sending active high signal to the pin
MTR1 and MTR2. However, ensure that if these pins are connected and controlled
by the microcontroller, the port connected to these pins must be set as output so that
appropriate signal could be sent to them to activate the vibration motor of the PS2

controller.

Each joystick controls two PWM output. As such when the left joystick is at
its origin location, which is at the center, both of the PWM output (J LX and J LY)
will be zero. While the left joystick is being moved up or down from center, the J
LY PWM output will alter from 0% to 100%. The value of 100% indicates that the
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position at top most and bottom most. Similarly, the J LX PWM will change from
0% to 100% once the left joystick is being moved left or right from center. Figure
3.9 illustrates the joystick PWM output.

Figure 3.9: Joystick PWM output




26

3.3.2 PSC28A PS2 I/0 Converter

PS2 1/O converter with model of PSC28A as shown in the figure 3.10, a
product of Cytron Technologies is introduced to help to solve the problems
mentioned above. More importantly, the PSC28A offers a standard connector socket
for PS2 controller to plug-in and we can opt to interfacing with or without the
microcontroller. Briefly to say that it provides fast and simple way to use the
joystick as the input of each button would be converted directly into an output and
yet its design is compact, reliable and low cost. The features for this PSC28A are

concluded as below:

i.  7-15V power input, current consumption less than 300mA at 12V

ii. Using standard PS2 controller connector socket

ili.  Each button will be represented with an output pin

iv.  Easy to interface with different voltage system
v.  Vibrator motor is controllable

vi.  Fully compatible with wired or wireless PS2 controller

vii.  Joy-stick will only operate in analog mode
viii.  Indicator for each output
ix. 4 PWM output to represent the analog

PSC28A does not only convert the buttons and joystick information on PS2
controller into open collector output with 14 open collector output for 14 buttons,
four PWM output for four joystick axis and eight open collector output for 8 joystick
directions. Instead, there are also two inputs to control the vibrator motor on the
wireless PS2 controller. However, the product specifications and limitations for
PSC28A are shown in Table 3.1 as well as part function description in Table 3.2.

Table 3.1: Absolute Maximum Rating for PSC28A

Parameter Min Typical Max Unit

Input voltage 7 12 15 A"/

PWR Out - Input voltage — 0.7 - v




2%

Current consumption - 100 300 mA

For our information, there are two methods of using PSC28A. The user can
choose to interface the PSC28A with the microcontroller or directly connected into
I/O device with ease of programming. As such if the user opts for use direct
connection into I/O device, thus motor driver like L293D, L.293B or L.298 to connect
with the PSC28A in order to control motor with controllable speed. Therefore, it
helps to ease the programming parts that prone to error easily. Meanwhile, if the
PSC28A is interfaced with the microcontroller, thus programming step is necessary

as ports used must be defined as well as output port must be activated via program.
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Figure 3.10: Board layout of PSC28A PS2 I/O Converter




Table 3.2: Parts Function Description

Label

Function

PS2 connector socket

Battery connector

DC power adaptor socket

Slide switch for main power supply

Power indicator LED

Power out terminal block

GND terminal block

T m o m Y Al W

PSC28A Output terminal (buttons)

[

Status indicator LED

Expansion 1 and Expansion 2

Status LED

PIC microcontroller

ULN2803AG

Reset button

PSC28A Output terminal (direction)

PSC28A PWM output terminal

Ll = O zZ| B | R —

PSC28A Input terminal

28
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3.4  Navigation System

Table 3.3 shows the designing of position control or navigation system for
the two-wheeled balancing mobile robot using wireless PS2 controller. In brief, there
are four states for the navigation system for the mobile robot which determine where
its direction of movement either go forward, backward, left or right based on the

button pressed on the wireless PS2 controller.

Table 3.3: Navigation System

Navigation Button Output Desired Path
ﬂ Forward
ﬂ Backward
Turn Right
—>
<:j Turn Left

Once the navigation buttons on the wireless PS2 controller are pressed, the
PSC28A will process the signal input obtained via the PS2 receiver plugged into it,
hence will then be received by the ATMEGA32 microcontroller in the Brain Board.
By then, the microcontroller will process the signal input received and identified
which button is being pressed, so that appropriate action in the form of signal will be
sent to the DC motors for further direction navigation of the mobile robot. However,
the navigation system for the mobile robot can be expressed in flowchart which
shown in the figure 3.11.

In addition to that, additional feature adds on for this two-wheeled balancing
mobile robot in order to notify the user from hitting the obstacles detected in front by
activating the vibration motor found in the wireless PS2 controller. Therefore, the
infrared distance sensors of GP2D120 play an important role for detecting the
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obstacles in front. Hence, the two-wheeled balancing mobile robot is equipped with

two infrared sensors with located in the left and right of it.

@

v

Turn on

PSC28A

the mobile robot

and PS2 controller and

B
>

\

Press button PS2 controller

{
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Figure 3.11: Flowchart for navigation system

Move
Forward

Move
Backward

Turn

Right

Turn
Left




31

Figure 3.12 shows the connection between the ATMEGA32 microcontroller
in the Brain Board and PSC28A /O converter in order to interface with the wireless
PS2 controller. Port B is another available port which is further defined to use for
navigation system. Therefore, pin 0 until pin 3 of the port B are available to use for
this purpose. As such, modification must be done for the programming part of the
microcontroller in order to achieve this objective. The pin B0 is connected to Up
button, pin B1 is connected to Down button; meanwhile the pin B2 is connected to
Left button and pin B3 is connected to Right button.

Instead, there are two modes available in the two-wheeled balancing mobile
robot: balancing and explore modes. However, the programming is modified as well
so that the mobile robot only will be navigated while in the explore mode. Moreover,
two important variables that determine the navigation system, namely
bal proc wr.fwd rev and bal proc wr.steer. The positive value for
bal_proc_wr.fwd rev indicates it will move forward and move backward if this
variable is set to negative value. On the other hand, the positive value for
bal_proc_wr.steer indicates it will turn right; else it will turn left if the value is set to
be negative. The programming for the navigation system is shown in the figure 3.13.

. T 4 MR P Out H-
‘ower
(XCK/TO) PBO ] 1 40 3 PAO (ADCO) A - 2
(T1) PB1 2 39 [0 PA1 (ADC1) 5 - a
(INT2/AINO) PB2 ] 3 38 g PA2 (ADC2) 7 MIR2 Up
(OCO/AIN1) PB3 O] 4 37 O PA3 (ADC3) e =
@S Peads 36 P-pastapes— ||| 4 SR —
(MOSI) PB5 6 35 [3-PASADES—— ILYEWM Let
(MISO) PB6 o 7 34 BpactaDee—| 4 JRXPWAD Right [
(SCK) PB7 O] 8 33 O-PATADER——— 2 1
de 32 O AREF : i ’
vee o 10 31 0 GND - LUP Cross -
GND O 11 30 [ AVCC 2 1
XTAL2 o 12 20 b PC7 (TOSC2) A . - 2
XTAL1 O 13 28 1 PC6 (TOSC1) ¥ LIF Circle
(RXD) PDO O] 14 27 B Pcs (To)) - LRG ) -
(TXD) PD1 O 15 26 b PC4 (TDO) i - £
(INTO) PD2 O 16 25 (1 PC3 (TMS) 3 xx 2 ;
(NT1) PD3 d 17 24 B PC2 (TCK) A RDW R -
(OC18B) PD4 O 18 23 B PC1 (SDA) 4 - - 2
(OC1A) PD5 O 19 22 [3 PCO (SCL) ¥ 1
(ICP1) PD6 ] 20 21 | PD7 (OC2) T RRG Start N
= 0COOM Sel —
ATMEGA32 PSC28A

Figure 3.12: Connection for the navigation system
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if(explore) // If we're told to explore

{

DDRA &=0x00;
PORTA [=0xFF;
if(PINA&0x10)=—=0)

{
bal_proc_wr.fwd_rev=50;
bal_proc_wr.steer=0;

}
else i (PINA&0x20)==0)

{
bal_proc_wr.fwd_rev=-50;
bal_proc_wr.steer=0;

}

else if((PINA&0x40)==0)
{
bal_proc_wr.fwd_rev=>50;
bal_proc_wr.steer=-60;

}
else if((PINA&0x08)==0)
{
bal_proc_wr.fwd _rev=50;
bal_proc_wr.steer=60;
}

}

else

bal_proc_wr.fwd_rev=0;
bal_proc_wr.steer = 0;

Figure 3.13: Programming for navigation system




CHAPTER 4

HARDWARE SPECIFICATION

4.1 Introduction

In this project, it can be divided into two important parts, namely Brain
Board and Balance Board. However, each of them has its own function or
contribution towards this two-wheeled balancing robot system. The ATMEGA32
microcontroller located in the Brain Board will process the data or information
obtained by the Balance Board in order to perform real-time balancing control. The
figure 4.1 shows the block diagram of two-wheeled balancing robot control system
whereby it is a closed-loop system with the controlled of the desired velocity and
altering of tilt angle as the input of the system [1].

Calibration angle Angle_offset

Desired Angle (6 ) Motor
Velocity Velocity
= - Ga » Gb >
+ 5 +
dg
K2 « > LA

Figure 4.1: Block diagram of control system for two-wheeled balancing robot
While the mobile robot navigates according to the desired velocity, one thing
that will take into consideration is the balancing problem of the mobile robot
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especially dealing high speed of navigation. As such, from the diagram of control
system above, the desired velocity is compensated by the K3 controller. Moreover,
the calibration angle refers to the deviation or comparison between the correct angle
and the measured angle. On the other hand, the angle offset can be defined as the
compensated angle done to correct the measured angle close to the desired angle of
the system which controlled by K1 and K2 controllers.

Appendix C1 displays the construction of the two-wheeled balancing robot
with each part of the mobile robot is clearly stated and labeled. However, this
chapter would explain in detail on the components used in the two-wheeled
balancing robot as well as the software implementation.

4.2  Software Implementation

This section would explain in detail on the software used to program the
microcontroller of the Brain Board. Instead, the software installation and ways to
operate the software installed in order to deal with the work of compiling and
burning the program written to our ATMEGA32 microcontroller located in the Brain
Board.

4.2.1 Software Installation

Once the software is completely installed, a new shortcut group called
“BalBot” will appear under the start menu which shown in the figure 4.2. However,
the Programmers Notepad 2.0.5.32 which comprised of AVR-GCC 3.4.1, hence
make it a user-friendly and easy to use with especially for the new user. Besides, its
all-in-one features hence make it a convenient and useful tool to dealing with the
programming of the microcontroller. It is because it does not only provide notepad
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for the user to write the C code, but also provide compiling function that able to

convert the C code into hex file to be burned in the microcontroller.

Manual for many of
the library functions
Extras availble to the C-
compiler. Both PDF
) avrbe Manud [FAVR) | and HTML vrsions
BalBot Detailed User's ~ | available.
Guide (this manual). BaBot Detaled Users Guide
BranBoard Code Edtor
Launches "Programmer's Notepad”
with the sample code, ready for you a G Manuids Onine [WinAVR
to edit and compile.
ISP Programmer Software to
program your BrainBoard™

Figure 4.2: Icon for BalBot software

Below are the steps or procedures on how to write a C code and compile the

C code written into hex file in order to be burned into the microcontroller using

MEGA32ISP [1] which expressed clearly in the figure 4.3.

.

ii.

iii.

iv.

The icon “BrainBoard Code Editor” is clicked.

Programmer’s notepad should be opened up with the sample project
automatically loaded. This sample project is consisted of a makefile, several
* ¢ files and several *.h header files. However by default, the files of this
software  will be installed in the following directory:
C:\BalBot\BrainBoard Code\.

The file balbot.c is ensured recently being displayed in the Programmer’s

Notepad main window.

In order to compile the C code written in the notepad, select “Tools”,
followed by “[WinAVR] Make All”. However, in the window at the bottom
of the screen, it will be observed that the C code will be compiled by the
AVR-GCC compiler and displays “> Process Exit Code: 0.
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Compiler can be run
from the tools menu.
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Figure 4.3: Steps for write and compile C code in BrainBoard Code Editor

43  Hardware Implementation

This subtopic would discuss about the elements or components part in the
anatomy of two-wheeled balancing robot that have been implemented including
Expandable Frame System, Brain Board, Balance Board, DC gear motors, dual
ground sensors, full featured programmer as well as the serial cable for the
communication with the personal computer. The specification for the two-wheeled
balancing robot is described in detail in the Table 4.1.



Table 4.1: Specifications of two-wheeled balancing robot
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Processor

Programmable system on a chip, for real-time Balance
Algorithm Processing and sensor filtering.

ATMEGA32 microcontroller for user’s code execution.

Motion

Powerful DC brushed gear motors.

Two current-limiting motor controllers (3A each).

Mechanics

Expandable Frame System (EFS), made primarily of
aircraft aluminum. Allows unlimited form factor
changes, sensor additions, board additions, etc., with

only a screw driver.

Sensors

Two forward looking, 10-80 cm range distance-sensing
infrared sensors are included.

Two infrared ground sensors, for tilt-angle sensing.

Back-EMF sensing on each motor, to detect wheel

velocity.

Upgrade-ability

Additional sensors can easily be added (up to 8 total
analog sensors, 6 digital devices and multiple 12C

devices).

“Plug and Play” which is no soldering required for add-

ons devices

Sensors and circuit boards can be easily added with only

a screw driver.

Balance
Algorithms

Digital Cascaded Control Loop is standard (built into
Balance Processor Chip)
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Balance Control Loop parameters can be modified by
using an add-on microcontroller such as the Brain
Board.

Balance Control Loop can be by-passed altogether to

allow user’s completely custom control loop.

Control

All balance algorithms performed on-board. The Brain
Board (included) only has to send simple commands to
tell it whether to move forward/reverse or left/right, and

how fast.

Development

Environment

Complete, professional-quality development

environment included:

Full featured ISP device programmer for the
ATMEGA32, for programming the Brain Board In-
system

AVR-GCC open-source C-compiler
Programmer’s Notepad IDE

Brain Board sample C code, with basic routines included
to read sensors, write to LCD, communicate with serial

port and read navigation buttons.

Balance Modes

Modes of operation selectable with momentary switch

and LED to display status and over communication bus.

Communications

An I2C bus (100KHz) links the Balance Board to the

Brain Board

A serial port and cable link the Balance Board to your

personal computer.
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Power Source e 12 x AA Batteries. Alkaline or NiMH that able to supply

voltage up to 18V.
Power e Switching DC-DC converter provides efficiently
Conversion converted power to on-board electronics as well as add-

on 5V electronics.

Dimensions e 277 high x 9” wide x 5.4” deep

Weight e Approximate 3.2 Lbs.

4.3.1 Balance Board

For our information, the Balance Board is the board whereby it includes of
Balance Processor Chip (BPC), motor drivers, BEMF motor velocity sensing,
switching power converter and expansion port as depicted in the appendix C2.
However, it plays a vital role in ensuring the two-wheeled mobile robot always in
dynamically stable condition especially during navigation in greater speed of

movement.

The Balance Processor Chip (BPC) which can be considered as the main
component in the Balance Board. This is due to the programmable system-on-a-chip
contains analog and digital circuitry, as well as a microprocessor, RAM and FLASH
memory that able to store the calibration data. The calibration data refers to the
measurement output with the desired or set value in the system. Thus, it is
responsible or function to determine each motor’s velocity, each ground sensor’s
distance and to accordingly perform real-time control of the motors to keep the
mobile robot in the upright position dynamically balanced. Apart from that, this chip

can also accepts commands from an external source (over an 12C bus) in order to
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move the mobile robot forward, reverse, turn left or right. More importantly, it will
report key information such as motor velocities, robot angle and battery voltage [1].

4.3.1.1 Modes of Operation

Basically, the Balance Board consists of modes of operation which
summarized in the table 4.2. For our acknowledge, the mode 0 until mode 2 can be
easily used without programming. However, the mode 3 until mode 5 are similar to
mode 0 until mode 2, but the only differentiate between them is that they allow
custom control variables (K1, K2 and K3) to be used. Briefly to say that all these
modes (0-5), the Balance Processor Chip (BPC) perform the real-time control which
lead the two-wheeled mobile robot to successfully balance.

Mode 6 is considered as a very unique mode for the system. It is due to the
BPC which does not try to balance the mobile robot under this mode of operation.
Instead, it only reads and reports the sensors, and it controls motors according to
what it is told to do over the 12C interface. Moreover, the mobile robot can only
balance if the external controller has its own real-time control system under this
mode. However, it is suitably for the user who wishes to develop their balancing

control system.

Table 4.2: Modes of Operation in Balance Board

Mode | Name Control | Description LED
variables status
used

0 Normal Balancing Default | Normal balance, free moving. | Solid’
(DEFAULT at power-on)

1 Sleep Mode Default | Motors tri-sated 1 blink
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2 Nap Mode Default | Motors shut down until unit is | 2 blink
bumped. Then switch to mode 0.

3 Normal Balancing Custom | Custom control variables are | 3 blink
used, free moving

4 Sleep Mode Custom | Motor tri-sated (custom variables | 4 blink
are loaded)

- Nap Mode Custom | Motors shut down until unit |5 blinks
bumped. Then switch to mode 3.

6 Custom control N/A Dummy slave mode. Control | 6 blinks

Algorithm mode

algorithm 1is bypassed. 12C

definitions are different.

4.3.2 Brain Board

Brain Board which shown in the appendix C3 is another important

component that plays a crucial role in process the data obtained in the Balance Board

in order to control the balancing of the mobile robot. However, this board consists of

a microcontroller of ATMEGA32 which can be programmed in order to customize
the two-wheeled balancing robot according to the user’s need. Briefly to say that the
Atmel ATMEGA32 microcontroller is considered the brain of the two-wheeled
mobile robot system as it offers a lot of power to control it. In addition to that,
additional features found in this board will be explained in further section of this
chapter. The key features of this chip are listed below:

i. 16 MIPS (with included 16 MHz resonator)

ii. 32K bytes FLASH
iii. 1K EEPROM
iv. 2K internal SRAM
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v. 8 channel, 10-bit DAC
vi. 12C interface

vii. 4 PWM channels

viii. 3 timer/counters

4.3.3 Full-featured programmer

The main function for the full-featured programmer is to load the program
into the Atmel ATMEGA32 microcontroller on the Brain Board via the ISP
programmer connector as displayed in the figure 4.4, that consists of a small circuit
board which connected to a 25-pin parallel-port connector to connect with the PC as
well as a 10-pin connector on the other end to connect with the Brain Board [1].
However, this stuff must be work together with the software of MEGA32ISP in
order to perform loading program to the microcontroller.

Figure 4.4: ISP programmer
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4.3.4 RS232 Serial Cable

One of the features offered by the Brain Board is the serial communication to
interface the Brain Board with the PC through the RS232 serial cable which shown
in the figure 4.5. However, a simple terminal program such as HyperTerminal will
be used to analysis the data of the two-wheeled balancing robot in terms of stability
or balancing of it during the balancing mode as well as exploring mode for
navigation purposes.

SRR SN

Figure 4.5: Serial Cable

4.3.5 Loading compiled program into the Brain Board

The program written in C code will be converted into hex file using the
BrainBoard Code Editor. Figure 4.6 shows that loading a compiled program via ISP
programmer. For our information, this ISP programming port uses PBS, PB6 and




PB7 on the ATMEGA32 microcontroller. Therefore, since these pins are already
reserved for ISP programming, thus the users could not use these pins for other
purposes. The MEGA32ISP is required in order to load the compiled program into
the Brain Board.

Figure 4.6: Loading compiled program into the Brain Board

Below are the procedures on how to program the ATMEGA32 on the Brain
Board [1] which clearly illustrated in figure 4.7:

i. The icon “MEGA32ISP” is clicked in order to open the programming
software. However, this icon should be located under the “BalBot”
programming group. Else, the program mega32isp.exe. is opted for the users

to run.
ii.  The software should be opened up and look similar to the figure 4.11.

iii.  The port that the ISP programmer is chosen and is connected to the PC. By
then, the number of ports available on the computer will be automatically
found and usually is LPT1.

iv.  The download or loading speed can be adjusted or changed if necessary. For
newer computers, the speed is recommended to be reduced.
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viii.
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Followed by the memory area in which the code is to be downloaded is
chosen. Usually this will be FLASH memory, where the program is stored.
The EEPROM is typically used to store data values and other set-up

parameter.

The power switch of the mobile robot is turned on and, hence the Brain
Board must be received power from the mobile robot in order for the
programming operation to work. However, the red LED on the small circuit
board on the ISP programming cable will be lit to indicate that the power is

received.

There are modes available to send or load the program to the ATMEGA32
microcontroller: Auto and Manual. As for Auto mode, several steps will be
executed in a row automatically. On the other hand, for the Manual mode, the
user is required to select the hex file to be downloaded to the microcontroller.
The “Open Files” button is clicked and the balbot.hex file will be located,
which was created earlier after being compiled. However, the default location
for this file is: C:\BalBot\BrainBoard Code\balbot.hex

Followed by erasing the memory in the microcontroller by clicking the “Chip
Erase” button operated under the Manual section.

“Blank?” button is clicked in order to check or to make sure that the memory
is really erased.

The “program” button is clicked in order to download or load the program
compiled in hex file to the ATMEGA32 microcontroller. During the program
is being transferred, the yellow LED on the ISP programmer will light on. At
the same time, the progress bar on the lower left of the window will also
indicate the status of the transfer. Thus, check this to make sure program is
transferred completely.

The contents of the microcontroller can be checked against the contents of
the PC’s buffer once the message “programming complete” appeared. In
order to do so, the “Verify” button is clicked.
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xii. The 10-conductor ISP ribbon cable from the Brain Board now can be
unplugged. Thus, either the “reset” button on the Brain Board is pressed or
turned off and the power from the Balance Board is turned on.

xiii. = The new program should be running.

.~ MEGA32ISP

0000 0C 94 C9 00 0C S4 L4 00 ........ ] |
0008 0C 94 £4 00 0C 94 B4 00 ....... . N
0010 0C 94 £4 00 0C 94 1B 04 ......... \

0018 0C 94 E4 00 0C 94 E4 00 ........ {
0020 0C 94 E4 00 0C 94 E4 00 ........ ‘
8 0C 94 £4 00 0C 4 E4 00 ....... ere co.fd.
| {0030 0C 94 E4 00 0C 94 6€ 06 ........ wwwerecofh
| 10038 0C 94 BS 06 0C 94 E4 00 ........
0040 0 94 E4 00 0C 94 £4 00 ........
| 10048 0C 94 £4 00 0C 94 85 07 ........
| 10050 0C 94 £4 00 32 30 30 34 ....2004
0058 20 53 77 6F 70 65 20 44 Swope D
| 10060 65 73 69 67 6E 73 2C 20 esigus,
68 49 6E 63 22 0D 0& 00 57 Inc....V
0 65 6C 63 6F 6D 65 20 74 elcone t
0076 6F 20 74 68 65 20 42 61 0 the Ba
30 6C 42 6F 74 20 42 72 61 1Bot Bra
38 69 6F 42 6F 61 72 64 21 inBoard!
90 0D O 0D 0A 00 77 77 77 ..... 0%
98 22 42 61 6C 42 6F 74 73 .BalBots
0 2 63 6F 60 0A 00 4C 6F .con..lo
| [00A8 6F 70 20 63 6F 64 65 20 op code
| 100BO 74 61 6B 65 73 20 74 6F takes to
00B8 6F 20 6C 6F 6 67 £ 0D o long..
| 100C0 OA 00 45 69 74 68 65 72 ..Either
00C8 20 73 69 60 70 6C 69 66 sinplif
| 00D0 79 20 79 6F 7572 20 63 ¥ your ¢ ﬂ

RO 28 & R AU B I SRR AL SUAS N R R S S ) | |

Figure 4.7: Steps for loading a compiled program



CHAPTER §

RESULT AND DISCUSSION

5.1 Introduction

This section would emphasis on the hardware testing as well as the balancing
mode obtained from the two-wheeled balancing robot. The hardware testing refers to
the interface between the wireless PS2 controller with the PSC28A PS2 I/O
converter. However, a simple button checked procedures to be carried out, followed
by the checking on the functionality of the both left and right of analog joysticks of
the wireless PS2 controller interface with RC motors. Instead, analysis on the
balancing mode of the mobile robot is also part and parcel of our result concern for
this project. This analysis is done via collecting the data by using the RS232 serial
cable. The HyperTerminal found in the window will be chosen as the platform to
analyse the balancing mode by displaying the data in term of figures. In addition, the
data were obtained as a five sample data for every one second and about 300 data
were take for the balancing mode.

5.2  Hardware Testing

This section would discuss in detail on how to test our hardware purchased to
ensure it is in good condition before implement or apply them to our project. The
hardware testing consists of wireless PS2 controller, robot chassis equipped with RC
motors and PSC28A PS2 1/O converter. In brief, this hardware testing procedures
begin with the simple testing on the selected buttons to be used to for our project
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later on. Followed by the testing on the both left and right sides of analog joysticks
of the wireless PS2 controller with the robot chassis that equipped with RC motors.

5.2.1 Testing on buttons

The stage of testing includes of wireless PS2 controller, PSC28A, LEDs and
resistors. For our information, the PS2 controller consists of 14 buttons. However,
only four selected buttons will be test for this stage as it will be used for our project,
namely Up, Down, Left and Right buttons as shown in the figure 5.1. Thus,
remember that the outputs of the PSC28A are commonly active high (+5V) and will

become active low (0V) once the button is pressed on the wireless PS2 controller.

vee
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= MCLR Power Out [ _‘\N“’_ I‘
1 2
. MIR1 @D . 220 ohm >
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1 2
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JLY(PWM) Lef “—| MM w‘bl |
2

- JRXPWM) Right
2 1
5 JRY(PWM) Triangle i 220 ohm
1 2 -~
2 1
= LDW Square B
1 2
= LIF Circle -
2 1
- LRG L1 .
1 2
= RUP ) -
2 1
- RDW Rl —
1 2
=] RLF R -
2 1
- RRG Start e
1 2
- ocC Sel =

PSC28A

Figure 5.1: Connection for Up, Down, Left and Right buttons testing
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5.2.2 Testing on analog joysticks

The testing on the both sides of analog joysticks will be explained in detail in
this section. However, two motor drivers are required instead of PSC28A and
wireless PS2 controller. Each motor will be connected to the PSC28A to drive one
side of RC motor. Other components are needed for running this test comprises of
resistors and capacitors. However, each analog joystick has two axes: X axis and Y
axis. The figure 5.2 shows the schematic on the connection between the RC motor
and PSC28A, while the result of implementation testing on analog joysticks is
displayed in figure 5.3.

R
‘l‘ MR Power Out e
2
] MIR1 GD B
2 1
= MIR2 Up =~
1 2
=] LXPWM down =
2 1
= JLYPWM) Lef ic
1 2
- JRXPWM) Right =
2 . 11
JRYPWM) Trangle
1 2
1 LUP Cross i
2 L
LDW Square
1 2
- LLF Circle -
2 1
il LRG L1 —
4 RUP 2 -
- RDW Rl -
1 2
= RLF R i
2 1
= RRG Start —
B 2
oCcooM Sel
PSC28A

Figure 5.2: Connection of RC Motors and PSC28A




50

FOLLOF

Figure 5.3: Testing on analog joysticks

5.3  Balancing Mode

This section would discuss on the result obtained from the balancing mode of
the two-wheeled balancing robot. This is the mode initially when the mobile robot is
turned on. However, the stability of the system in balancing mode is achieved when
both the analog reading of GP2D120 infrared distance sensor gives a same value.
Hence, these two values will be subtracted at each other whereby produce zero
reading in distance (cm) indicates that the system is stabilized. In this condition, the
two-wheeled mobile robot balances on its own body and always in place on center of
gravity. In order to do this analysis, HyperTerminal is required as well as RS232
serial cable. The data obtained in terms of figures will be displayed in the
HyperTerminal screen and the RS232 serial cable will be used to connect the mobile
robot with the PC.
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Navigation Mode

The four buttons of the wireless PS2 controller that will be used for this

project are Up, Down, Left and Right buttons. However, these pins of the PSC28A
will be connected to the PORT A of PA4, PAS, PA6 and PA7 of the ATMEGA32
microcontroller via connect them to the Digital/Analog inputs of the Brain Board.
However, bear in mind that there are must be sharing a same grounding for both
PSC28A and Brain Board. Below are the steps to communicate between the two-
wheeled balancing robot and the wireless PS2 controller:

ii.

iii.

iv.

Before we started to navigate the two-wheeled mobile robot, calibration
procedure must be carried out in order it will be stable when the power
supply is on. It is done by putting it on a flat terrain for a few seconds and
calibrate under balancing mode.

Turn on the PSC28A device and the Rx LED of the wireless PS2 receiver
will be blinking indicates it is searching for PS2 controller. While the power
of the wireless PS2 controller is being turned on, the Rx LED of the receiver
will become static indicates the PSC28A device is communicating with the

wireless PS2 controller.

Followed by turn on the power supply of the two-wheeled balancing robot.

Switch the mode from balancing mode into explore mode for navigation

purposes.

By then, the user could navigate the mobile robot wirelessly through the
wireless PS2 controller by pressing the Up, Down, Left and Right buttons.



CHAPTER 6

CONCLUSION AND RECOMMNEDATION

6.1 Conclusion

In a nutshell, this project has successfully introduced or applied the concepts
of the two-wheeled balancing robot in terms of the problem, research requirement as
well as related current technology. Briefly to say that this project emphasis on the
wireless communication of the two-wheeled mobile robot via remote control as well
as the balancing control of the robot. More importantly, the project does include a

comprehensive and up-to-date literature review.

Chapter 1 summarized that the background of this project and give a brief
idea on how it works or functions. Instead, it described in detail regarding to the
problem statement, objectives and scopes of the project. More importantly, this
chapter presents on how is the project to be carried out throughout the year from the
planning stage towards the implementation work.

Chapter 2 discusses on the previous project regarding to the two-wheeled
balancing mobile robot that have been done. This however gives us the basic idea on
how the balancing of the two-wheeled robots work and provide relevant information
on control systems and matheinatical modelling and simulation that have been

implemented.

Chapter 3 explains on the methodology of the project which touch on how is
the project being carried out as well as introduction to the external hardware that will
be applied for this project including explanation and related schematics of the




53

hardware. As such, wireless PS2 controller and PSC28A PS2 I/O converter will be
included under this section as well as how the wireless communication to be done.

Chapter 4 presents the hardware specification of the two-wheeled balancing
robot. However, this chapter would explain the detailed information about the basic
operation of the mobile robot and the roles played by the Brain Board and Balance
Board throughout the system. Besides, it also includes the software implementation
in terms of installation, C-code compiling and loading the compiled program to the
Atmel ATMEGA32 microcontroller using ISP programmer and MEGAISP32

software.

Chapter 5 touches on the result of the two-wheeled balancing robot in term of
balancing via the balance mode. However, it further explains for the navigation
system for the two-wheeled mobile robot in terms of how to interface the wireless

PS2 controller with the robot as well as how operate them.

As an overall conclusion, this project represents the development and design
of the navigation system for the two-wheeled balancing robot that able to
communicate wirelessly using remote control. A successfully two-wheeled balancing
robot system should include of having ability to handle the balancing problem and
effective wireless communication with the remote control. In brief, the results
obtained also meet the requirement of the PID controller in order to support the
performance of analysis whereby the two-wheeled robot can achieve dynamically
stable. Finally, the robot can be navigated well using the remote control.
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6.2 Recommendations for Future Work

There are some recommendations and suggestions that can be applied in
order to improve the performance of the two-wheeled mobile robot as well as adding
extra features to improve the overall system:

i.  Develop own controller to provide greater stability

ii.  Utilize the function of vibrator motor of the wireless PS2 controller and the
infrared distance sensor detect the obstacles under certain distance to notify

the user not to move forward
iii. Add more safety protection to avoid the sensor from being broken

iv.  Use wireless network for collect the real time data for analysis purpose

especially while the mobile robot navigated wirelessly using remote control

v.  Utilize the analog joystick to take over the function of Up, Down, Left and
Right buttons to control the navigation of the two-wheeled balancing robot

vi. Make use of the available buttons in the wireless PS2 controller to expand
the functions of the two-wheeled balancing robot
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6.3  Costing and Commercialization

The costing for this project includes of PSC28A PS2 VO converter and the
wireless PS2 controller which shown in the table 6.1. However, the balbot is
provided by supervisor. This project is generally can be implemented suitably on
subject at the university for learning purposes due to its cost and the project itself
greatly related to control system development.

Table 6.1: Project Costing

No. Product Cost
1 | PSC28A | RM 168.00
2 Wireless PS2 Controller RM 80.00
Total RM 248.00

As this project emphasis on developing a navigation system that able to
control the balbot wireless via remote control in some distance, therefore it is a good
experience if implemented on subject related to control system at the university. As
such, variety of control system such as LQR, fuzzy logic and pole-placement
controllers can be realized into this balbot.

The target of commercialization for this project is focus on the robot
hobbyists as well as industrial purposes in order to perform dangerous activities in
the industrial plan navigated wirelessly via remote control. Instead, this project can

be commercialized to other universities for learning and research purposes.
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APPENDIX A

Programming in two-wheeled balancing robot

Program in Atnel Microcontroller for ‘Two-Wheeled Balancing Robot With Remote
Control’.

/**#*****t******#******#***##*****#*#***#t######.t###t*.O.“#‘*##
*

* Title: Main sample code for the BalBot BrainBoard

* Author: www.BalBots.com (A division of Swope Designs, Inc.)
* Editted by: Lee Kong Haur

* Software: AVR-GCC 3.4.1

* Hardware: BrainBoard (with ATMEGA32 running at 16MHz)

* Version: 1.0
*

*#**#*#*#******#************t****#*********#***t******#***#***t*/

FEE I T

#include "led.h"

#include <stdio.h>

#include <avr/io.h>

#include <avr/interrupt.n>

#include <avr/signal.h>

#include <avr/pgmspace.h>

#include "BB_lib.h"

#include "vart.h"

#include "i2c.h"

#define XTAL_CPU 16000000  // 16Mhz

#define UART_BAUD_RATE 19200 // 19200 baud

#define bal_proc 0x62 // 12C address of the Balance
Processor (On the
BalanceBoard) (0x62 or
decimal 98)

// The following determines the period of the main loop. Multiply by 1.02mS
// to get actual loop period. So a value of 40 will give you a cycle rate of ~24.51 Hz

#define LOOP_PERIOD_msS 40 // Do NOT use a number lower than 28.
// That could over-run the BPC 12C
buffer.
unsigned char i, explore;

int left_sensor_distance, right_sensor_distance;
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//#*t**#*# Global Variables RERRBRBRRRkk
volatile unsigned char timer2_count, sufficient_flag;

#define NUMBER_OF_LCD_INPUTS 3 // The number of different variables
the user is allowed to change

#define TOTAL_ NUMBER_OF _LCD_VARIABLES 11

// The first varaibles below are considered INPUTs (that is, the user can change them
using buttons)

// The remainder can still be seen on the LCD, but the user cannot change them.

const char *LCD_variable names[TOTAL_NUMBER_OF_LCD_VARIABLES] =

{ "Setting”, llExplore Speed", I'Steer Speed", "L SenSOI'", "R sensor”, "Angle"’ "L

RPM", "R RPMN’ l'voltage“’ l|mp—steer!|’ “t‘np__de"};

volatile signed int LCD_variablesfTOTAL_NUMBER_OF_LCD_VARIABLES],
LCD_variable_index;

volatile signed int tmp_fwd, tmp_steer, bot_stuck,tmp_fwd_last, fwd_der;

FILE *uart;

FILE *icd;

int

main (void)

{

unsigned int c;

// Initialize variables:
LCD_variables[0] = 0; /] Default to normal Balancing setting
LCD_variables[1] = 60; // Explore speed (0 to 100)
LCD_variables[2] = 70; // Explore steer speed (0 to 100)
DDRD &= 0xBF; // Set port D, pin 6 as input (cycle input from

BalanceBoard (1 = output, 0 = input)
timer2_count=0;

// Initialize timer2: (This is used to pace the main cycle rate)
TCCR2 = 0x84; /I Normal mode, clk/64 prescaler(4 uS / click)
TIMSK |= 0x40; // Enable Timer2 Overflow Interrupt

uart = fdevopen(uart_putc, uart_getc, 0);
led = fdevopen(lcd_putc, 0, 0);

// Initialize I12C
DDRB = 0x3F; // Make 12C lines input
TWI first_init();

// Initialize servos
servo_A(0);
servo_B(0);
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servos_init();

// Initialize UART library, pass baudrate and avr cpu clock
uart_init{ UART_BAUD_SELECT(UART _BAUD_RATEXTAL_CPU) );
// (Frame format is: asynchronous, 8data, no parity, 1stop bit)

// now enable interrupt, since UART library is interrupt controlled
sei();

// Transmit strings from program memory to UART:
uart_putc(\r');

uart_putc("\n');

uart_puts P("2004 Swope Designs, Inc.\r\n");
uart_puts_P("Welcome to the BalBot BrainBoard!\r\n\r\n");

// kkkkkkkkkkrkkkkkr LCD DISPLAY kg kkkdkdkokkkkokdkokkkk
led_init(LCD_DISP_ON); // initialize display, cursor off
/Med_init(LCD_DISP_ON_CURSOR); // Optional: Turn cursor on.
/Ned_init(LCD_DISP_ON_CURSOR_BLINK); // Optional: Make cursor blink.
led_clrscr(); // clear display and home cursor

// put string to display (line 1) with linefeed

lcd_puts_P("www.BalBots.com\n");

// move cursor to position 8 on line 2

led_gotoxy(7,1);

// 1 = output, 0 = input

DDRB &= 0x0F; // Configure B7:B4 as inputs (Momentary Switches)
PORTB |= 0xF0; // Enable pull-ups on B7:B4

J/EFERREERE Rk ERRRRRR Rk k kR kkkkk bk Rk ek kk kR kkRd Rk khkhkh kbR kkk Rk kR Rk

/¥ ****xx*¥*¥Main Loop. This will repeat indefinitely at a rate determined*********

********#*********##****by LOOP_PERIOD_mS kkkbkkkhkkrRbphkrkkkkbhkkk

while(1) {

// timer2_count increments at the rate of 1.02mS between increments

// so a value of 32 will give you cycle rate of ~30.64 Hz

while(timer2_count < LOOP_PERIOD mS) { // Wait for start flag
sufficient flag =1; // Raise flag to say that we actually had to

wait at least a little, which means the loop
code doesn't take too long

}
if('sufficient_flag) {  // This will be true if your main loop code takes
longer to run than the cycle rate you're trying to run
at.
uart_puts_P("Loop code takes too long.\r\n");
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vart_puts_P("Either simplify your code or increase LOOP_PERIOD_mS.\r\n");
}
sufficient_flag = 0;
timer2 count=0;  // Reset flag. The Timer2 ISR will increment this so
// we will know how long we've been in the main loop.

// The following will check whether any buttons are

// pressed and then act accordingly.
// Caution! Because of shared programming pins, if the
/" programmer is left plugged in, it will appear
/ as though the left button is being held down.
I To avoid this, always unplug programmer from
/4 the BrainBoard after programming the board.
switch( check_buttons() ) {
case 'L": // Left held down
uart_putc('-');
case l": /1 left pressed
uart_putc(1);

iffLCD_variable_index < 1)
LCD_variable_index = (TOTAL_ NUMBER_OF LCD_VARIABLES - 1);

else
LCD_variable_index--;
break;
case R": // Right held down
uart_putc(-);
case 1 // right pressed
uart_putc('r');

LCD_variable_index++;
if(LCD_variable_index >=TOTAL_NUMBER_OF_LCD_VARIABLES)
LCD_variable_index = 0;

break;

case 'U" // Up held down
uart_putc(-');

case 'u': // up pressed
uart_putc('u');

if(LCD_variable_index <NUMBER_OF_LCD_INPUTS)
LCD_variables{LCD_variable_index] ++;

break;

case 'D": / Down held down
uart_putc(-');

case 'd": /I down pressed
uart_putc('d");

if(LCD_variable_index <NUMBER_OF_LCD_INPUTS)
LCD_variables{LCD_variable_index]--;
break;
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default: // Nothing pressed
/fuart_putc(’ ');// Put a space in place of the letter
break;

}

// Transfer report variables from I2C buffer to LCD screen.

LCD_variables[3)] = left_sensor_distance; // Left forward-looking sensor

LCD_variables[4] = right_sensor_distance; // Right forward-looking sensor

LCD_variables[5] = bal_proc_rd.angle;

LCD variables[6] = bal_proc_rd.L._mtr RPM/31; // Divide by 31 (gear ratio)
to get wheel speed
instead of motor speed

LCD_variables[7] = bal_proc_rd.R_mtr RPM/31; // Divide by 31 (gear ratio)
to get wheel speed
instead of motor speed

LCD_variables[8] = bal_proc_rd.battery; // Battery Voltage (in
increments of 0.1V)

switch( LCD_variable_index ) {
case 0: // if we're on the first variable (setting)
led_gotoxy(0,0); // Goto Beginning of first line on LCD
lcd_puts P("www.BalBots.com\n");
if(LCD_variables[LCD_variable_index] < 1) { //Balance
LCD_variables[LCD_variable index] = 0;
bal_proc_wr.mode = 0;
explore = 0;
led_gotoxy(0,1);
lcd_puts P("Balancing... \n");// Beginning of second line
} else i LCD_variables[LCD_variable_index] == 1) {// Explore
bal_proc_wr.mode = 0;
explore = 1;
led_gotoxy(0,1);
lcd_puts_P("Exploring... \n");// Beginning of second line
} else if{LCD_variables{LCD_variable_index] > 1) { // Sleep
LCD_variables[LCD_variable_index] = 2;
bal_proc_wr.mode = 1;
led_gotoxy(0,1);
lcd_puts_P("Sleeping... \n");// Beginning of second line
}
break;
default:
led_gotoxy(0,0); // Goto Beginning of first line on LCD .
lcd_puts_P("www.BalBots.com\n"); // Stores string in program memory
led_gotoxy(0,1); // Beginning of second line
fprintf(lcd, LCD_variable_names[LCD_variable_index]);
/I Display name of variable
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fprintf(icd,":%d ",LCD_variables{LCD_variable_index]);
// Display value of variable in Decimal

break;

}

//***** Write to the Balance Processor Chip (BPC) using I2C *#**#**
12C_write(bal_proc,(unsigned char *)&bal_proc_wr.mode,10);

/[***** Read from the Balance Processor Chip (BPC) using I2C *****
I2C_read(bal_proc,(unsigned char *)&bal_proc_rd.mode,18);

// Limit the explore speed setting to 0-100

if{LCD_variables[1] <0) {
LCD_variables[1] = 0;

} else if(LCD_variables[1] > 100) {
LCD_variables[1] = 100;

}

tmp_fwd *=LCD_variables[1]; // Take into account the explore speed
setting (0-100)

tmp_fwd /= 100;

// Limit the explore steer speed setting to 0-100
iff LCD_variables[2] < 0) §
LCD_variables[2] = 0;
} else ifLCD_variables{2] > 100) {
LCD_variables[2] = 100;

}
tmp_steer *=LCD_variables[2];// Take into account the Explore Steer speed
setting (0-100)
tmp_steer /=100;
if(tmp_fwd > 127)
tmp_fwd =127,
ifitmp fwd <-128)
tmp fwd = 128;
if(tmp_steer > 127)
tmp_steer = 127,
if(tmp_steer <-128)
tmp_steer = 128;
LCD_variables[9] = tmp_steer; // Display this variable to the LCD
(when user selects it)
LCD_variables[10] = tmp_fwd; // Display this variable to the
LCD (when user selects it)

// Format and display the following variables on a PC through the serial port
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fprintf(uart,"%5d %5d %5d %5d %5d\r\n",left_sensor_distance,
right_sensor_distance, fwd_der, tmp_steer, tmp_fwd);

if(explore)
{

DDRA &=0x00;
PORTA [=0xF0;
if((PINA&0x10)==0)

{
bal_proc_wr.fwd_rev=50;
bal_proc_wr.steer=0;

}
else if((PINA&0x20)==0)

{
bal_proc_wr.fwd_rev=-50;
bal_proc_wr.steer=0;

}

else if((PINA&0x40)==0)
{
bal_proc_wr.fwd_rev=>50;
bal_proc_wr.steer=-60;

}

else if(PINA&0x80)==0)
{
bal_proc_wr.fwd_rev=50;
bal_proc_wr.steer=60;

}
}
else
bal_proc_wr.fwd_rev=0;
bal_proc_wr.steer = 0;
}

/1 If we're told to explore

// Hkkkkkkkkhkkik Operate Servos kkEkkkkkkRhkkrRkkkRRiks

// This is silly code to move a servo towards the direction
// the bot wants to go to. This way, if you mount the

// servo on top of the bot and put a little toy head on

/1 it, it will have a bit of a personality.

// The two servo ports will be driven exactly the opposite

// of each other, so you can choose
/

// The input to the servo functions is a value from 0 to 2000

servo_B(1000 + (tmp_steer * 7) );

// Drive servo B according to which way
we are steering to.
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servo_A(1000 - (tmp_steer * 7) );  // Drive servo A according to which way
we are steering to, opposite of servo B

[/ HEREREEERARERREREEEEBRREBRARRREERRBBERBR SRR B b hkE

/] #**%* Get character from UART NI
// ****% Then place it in corner of LCD screen i

¢ =uart_getc();
if (¢ & UART _NO_DATA) {
// no data available from UART
} else {
// new data available from UART
// check for Frame or Overrun error
if (c & UART_FRAME _ERROR ) {
// Framing Error detected, i.e no stop bit detected
uart_puts P("UART Frame Error: ");

}
if (¢ & UART_OVERRUN_ERROR ) {
// Overrun, a character already present in the UART UDR register was
/I not read by the interrupt handler before the next character arrived,
// one or more received characters have been dropped
uart_puts P("UART Overrun Error: "); '

3

if (¢ & UART_BUFFER_OVERFLOW ) {
/| We are not reading the receive buffer fast enough,
// one or more received character have been dropped
uart_puts_P("Buffer overflow error: ");

}
/I send received character back through UART

uart_putc( (unsigned char)c );

// move cursor to position 16 on line 1
lcd_gotoxy(15,0);

// Print the character on the LCD
lcd_putc((unsigned char)c );

} //************************End of Main LOOp SRRREREEREEERDEE R B R Rk kR kk

[[EFFEXEREEXEXREFRTERFEERELEEREEFEERRERBRRRRRRRRERRRRREBRRRBRR R R R KE

} // End of Main

//****##**#*****************#**#*#***#***###*t*****************#**#**
e Interrupt Service Routines Fay



/r*exrurxes Choose from the following possible Interrupt Vectors ******++*
Then use this name when declaring the ISR below
11Make sure you do not misspell these, as compiler will not flag an error!!
SIG_INTERRUPTO
SIG_INTERRUPTI
SIG_INTERRUPT2
SIG_OUTPUT_COMPARE2
SIG_OVERFLOW2
SIG_INPUT_CAPTURE!
SIG_OUTPUT_COMPAREIA
SIG_OUTPUT_COMPAREIB
SIG_OVERFLOW1
SIG_OUTPUT_COMPARE(
SIG_OVERFLOWO
SIG_SPI
SIG_UART RECV
SIG_UART_DATA
SIG_UART_TRANS
SIG_ADC
SIG_EEPROM_READY
SIG_COMPARATOR
SIG_ 2WIRE_SERIAL
SIG_SPM_READY
o

// e o ok o Rk Timerz Inten-upt ke kokk
// This timer is used to pace the main cycle. This executes every 1.02 mS.
SIGNAL(SIG_OVERFLOW2)

{
}

timer2_count ++;
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APPENDIX B

Sharp GP2D120 specifications

SHARP GP2D120

G P 2 D 1 20 General Purpose Type Distance

Measuring Sensors

N Features ¥ Outline Dimensions (Ut . maw)
1. Less influence on the colar of reflective objects, reflectivity & T
2. Lineup of distance output/distance jndgement type
Distance outpat type (analog voltage) : GP2D420 O o detectorside
- . @ dusitizoobiacss
Detecting distance : 4 o 30em 208 63 Lenscme
3. Estemal control cizouit s wmecessary M8 ] terad - 2 |
B2tde] [}/ | T8 Ty
i -G
RS IET = ‘
Sram[ ] e g F
Light enitersicel] 10.1 Connector 123‘*\'
s | Maeby TITA\DME
B Applications 45140 Sl
15415 83 . smeq
1.TVs — e
2 Personal conputers w@w 3 3
4 Copiers Tetmi -
. . # The dimensions marked * ae R
B Absolute Maximum Ratings deseriad the dimensions cf g aND
TESC V) | o it o0

Pazameter Symhol | Rating | Unmit
Supply voltage Voo | G347 ¥
Outpt terminal voltage | Vo [-W3nVaedd] ¥
Operating temperaturé T |~W0460] °C
Storage temperature Te |~400+%W 1 °C

Noliee  tnthe ahsence of confimation by device specfication sheels, SHARP takes no responsibilty for any defects that may ocour b equipment ushig Aty SHARP
devices shown in catalogs, data books. ele mswhwmmmmeWMMMeme&m
infemet  intemet address for Etectrone Components Group hitp:/Ava Sham. co jyecyf




SHARP

GP2D120

B Recommended Operating Conditions

Parameter Symbol | Raung | Unit
Operating supply voltage | Vee | 45w0+55 ]| V

M Electro-optical Characteristics

(Ta=25°C, Voe=$V)

Parameter Symbol Conditions MIN. TYP. | MAX. | Unit
Distance measuriog 1ange AL |17 4 - 0|
Output termmal voltage Vo |L=30em” 0.25 04 035 v
Difference of output voltage AVo | Output change at L=30cmtodem | 195 22 25% v
Average Dissipation current Te | L=30em” - 33 50 mA

Note) 1. : Dustance to reflective object.
*} Using reflective obyect White paper (Made by Kodak Co. 114 gray cards R-27 - whate face, reflectve matio ; 90%)
*2 Distance meamuring range of the optical sensor system

Fig.1 Internal Block Diagram
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-
s et
i ;; | Sigeal . 1 | Voltage i
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1@..._.\...""; circuit t 8
5 . ’ -
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XY orcut cireuit__ |}
R e e o !
Distance measuring IC

Fig.2 Timing Chart
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g - HRASHRTEIE i RTACA
operation B e s

Vo(Ouput) [ Unstableowtput | ) Fustautput X Second output X\ rrougut]

f 5 &RSMAX"

68



SHARP GP2D120

Fig.3 Analog Output Voltage vs. Surface Fig.4 Analog Output Voltage vs.Distance to
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APPENDIX C1

Anatomy of Balbot

Forvard-Looking

Infrared Sensors
(Advanced Kit Only)

High-Quality
Gear-Motors
(Metal Gears)

o

Dual Ground sensors
{for angle detection)

70

_ Expandable Frame System
for slick customization

BrainBoard (Advanced Kit Only)

s’

-Powerful ATMEGA3Z Frocessor
-LCD Screen

-Navigation buttons
-On-board serial port

- Analog input ports

-6 Digital inpit ports

-3 12C ports (shared)

BalanceBoard

-Balance Frocessor Chip
-Motor Drivers

-BEMF Motor Velocity sensing
-Switching power converter
-Expansion Port

= 5.4-Inch Wheels




APPENDIX C2

Balance Board Overview
1. Expansion
Connector 2. Multi- 3. Power input
(12C Interface) function LED terminals

®

4. Power
0, Bhaksiinn £ Switch
Processor '
Chip (BPC)
it 5. Mode
L Button
9. Ground et
sensor s : 6. DC-DC
connectors o Converter

(.,} & - 7. Motor

Drivers

8. Motor
connectors




APPENDIX C3

Brain Board Overview

1. 16 x 2 Alpha-
Numeric LCD Display

17. Contrast
Adjust

16. RS232 Level
Conversion

15. TTL vs.
RS232 Select

14. TTL Serial
Connector

13. Aux.
Power
connector

12. Sysem
Connector

{\‘

2. Atmel ATMEGA32 Microcontroller
(Located Under LCD)

3. Serial port
to connect to
your PC
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4. Navigation Buttons:
Up. Down, Left, Right

5. Resat
Button

6. ISP Programming

Connector.

7. Ext Sevo
Power Connector

1. 12C
connectors

9. Analog/Digital
inputs

8. Servo Connectors




APPENDIX D

PSC28A 1/0 Converter and wireless PS2 receiver on Balbot




