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1 Introduction

In order for a student to work with mobile robotic systems with embedded vision,
one must purchase a rather expensive kit, starting from at least an hundred euros.
This research aimed to developed a cheap and small mobile robot with an integrated
event-based vision sensor[1], which allows autonomous operations and reprogram-
ming of the microcontroller for educational purposes.

2 System requirements

The robot that was developed should fulfill several requirements:
e Small size and cost (less than 50€ as final cost)
e Easy to reprogram and to add new functionality
e 1SD card support to record data

e Companion application for a computer to interface with robot and view the
sensor data in real time

In order to meet these requirements, it was determined that there would be the
need for a custom PCB design which was done by a fellow student named Tobias
Brennich. A prototype version of the developed PCB which was used throughout
project can be seen in Figure 1.
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Figure 1: PCB prototype board
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3 Workplan

The total timeframe for this research project was nine weeks starting on January
14" and ending on March 15,
The project was divided in several parts:

e Mechanical
e Electronics

e Software

Since the major task of the electronics part was the PCB design, this part was
not included in the workplan. As for the mechanical design, the timeframe for its
completion was 2 weeks. This included the design of the robot’s body, the selection
of the motors and other components and their plastic adaptors to fit on to the body.
The software was divided between the companion application for the PC and the
microcontroller firmware. Since the latter was the most important, the time spent
on this task was 3.5 weeks leaving 2.5 weeks for the PC application.

The work for the microcontroller firmware was divided in multiple tasks which are
mentioned in the list below.

e Study the microcontroller - ( 0.5 week )
e Experiment with FreeRTOS - ( 1 day )
e Implement the vision sensor - ( 2 days )
e Implement motors control - ( 0.5 week )
e Implement an interface to communicate with the PC - ( 0.5 week )
e Implement the SD card saving routines - ( 0.5 week )
e Debug - ( 1 week )
The PC application was also divided in a similar way.
e Study the libGDX framwork - ( 0.5 week )
e Implement the graphical interface - ( 1 week )

e Implement the vision sensor display - ( 0.5 week )

e Debug - ( 0.5 week )
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Figure 2: First Iteration

4 Mechanical Design

The initial phase was to design and produce the plastic body where the motors
would be attached and the PCB placed on.

The result of this first iteration may be seen in figure 2. This initial model was
rather bulky but it was the initial step to get acquainted with the available tools.
One of the major issues was the selection of the motors, since the ones being used
on this design cost around 20€ each, which would mean that 80% of the available
budget would be spent just with the motors alone. They were also too powerful for
the needs of such a small robot and consequently had a very high power consumption.
This led to a second design which can be seen in figure 3. This version includes
much smaller and cheaper motors, which were around 10 € each.

Unfortunately, these motors’ quality was very dubious as they had high variations
of behavior between themselves in terms of noise, speed and torque.

Higher quality motors were found which originated the third and final design, see
figure 4. The new motors also had the advantage of configurable gear ratios, higher
speed and lower cost since they are sold in pairs and its cost is also around 10 €.
Furthermore, it allows to simplify the body design since the motors themselves had
a plastic enclosure which allowed them to be easily attached to a surface, see figure
5.
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Figure 3: Second Iteration

Figure 4: Final Iteration
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Figure 5: Chosen motors

5 Software Design

There were two major components on the software design, the firmware which runs
on the microcontroller and its companion application for the PC.

5.1 Companion Application

The application for the PC should be capable of controlling and configuring the robot
while also providing a viewer for the sensor data in real time. This application was
coded using the Java programming language and with the game development frame-
work 1ibGDX. The reasoning for using libGDX was the possibility of deployment on
mobile devices meaning that the same codebase can be run on Android and iOS
devices.

5.1.1 Architecture

The basic architecture for this application can be seen in figure 6.


https://code.google.com/p/libgdx/
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Figure 6: High-level architecture

Since robots will usually have a WiFi adapter, a simple TCP connection is enough to
communicate with the robot. The robot may receive commands from the interface,
such as the motor’s speed and direction, the current time to set the microcontroller’s
real time clock or the bias settings for the sensor.

The input from the microcontroller is always sensor data.

When the robot is connected through a USB cable, the connection is through an
FTDI chip which exposes a serial connection to the PC. In order to maintain cross
platform compatibility, a simple wrapper application was developed that exposes
a socket server over the serial port which is then transparent to the companion
application.

5.1.2 Graphical Interface

The interface developed can be seen in figure 7. Most of its functions are easy to
deduce by looking at the screenshot, the central area is occupied by the visualization
of the sensor data from the robot while on the left there two arrows to control
the direction and speed of the motors, the direction is controlled either using the
accelerometer of a mobile device or keys in a keyboard.

There is also 4 buttons on the right side which allow recording the sensor data on
the SD card present on the robot, putting the microcontroller to sleep while there is
no activity detected by the sensor, disconnecting from the robot and changing the
settings related with the robot’s behavior.
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Settings

Figure 7: Screenshot of the graphical interface

5.2 Microcontroller firmware

The development of the microcontroller software was the single most important and
time consuming task due to the need of learning a new architecture, Cortex M3,
and the tools associated with it. The final solution was developed using FreeRTOS
which allowed easy encapsulation of the different components. In parallel a version
with no operating system was developed, as well, but since there were no noticeable
performance gains, it was abandoned by the end of the project.

FreeRTOS supports task preemption which allowed to have blocking code with block-
ing the system. It also allows to easily test single components of the system by
selecting which task should run.

There are three main tasks being used:

e Motors Control
e Comand dispatcher
e cDVS sensor data fetcher

The motor control task runs every 20 milliseconds and contains the motor control
loop.

The second task runs asynchronously to all others as it only runs when there is
data from the UART. It contains a state machine that parses the commands and
acts accordingly. The basic interface which is supported at the moment includes


http://www.freertos.org/
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commands to set the robot’s speed and direction, to synchronize the real time clock
and to request the robot to enter a low power mode.

The third task is the one running all the time and behaves like a background task as
it has the lowest priority. Since FreeRTOS is a real time operating system assigning
a big priority to this task would render the system useless since it would allow to
receive any commands as the CPU would be stuck in the data fetching loop. This
task is the only that writes to the SD card and to the UART transmit buffer.

6 Conclusions

The developed system throughout this project allows the production of a low cost
mobile robotic system with an interesting and state of the art event-based vision
sensor. Through the use of FreeRTOS, future students may easily extend the robot’s
functionality by adding more tasks without affecting the current framework.

This project also allowed the student to experiment with new software development
frameworks such as libGDX which proved to be an interesting solution to produce
cross-platform software using Java.

The initial workplan was well defined though during the course of the project there
was the need of jumping between different tasks due to other constraints such as de-
pendency on components which had not yet arrived or fixes needed on the prototype
PCB.
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