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1 Introduction
When discussing the practical applications of real-time systems, many of the current examples are found
in air- and spacecraft control systems. However, autonomous land-based vehicles are likely to be a major
growth area for real-time systems research and applications in the coming years.

Before these vehicles are brought to market, they will need to be verified as safe, and almost all aspects of
controlling such a vehicle will depend on decisions that must be made within a certain time frame. Computing
tasks required in autonomous land-based vehicles might include vision, localization, planning, and physical
control/actuation.

In this work, we sought to use an available open-source platform to build a miniature-scaled autonomous
vehicle that could be used as a test bed for real-time systems research. We chose the F1/10 Open-Source
Cyber-Physical Platform developed by O’Kelly, Sukhil et al.[1], as it provides a ready-to-use design based on
widely-available commercial components, and as a standardized platform, it offers researchers the opportunity
to compare the performance of different software/firmware packages on similar hardware.

The development and construction of the F1/10 vehicle described herein was conducted with the support
and guidance of the Real-Time & Intelligent Systems Lab at the University of Central Florida, and funding
for the project was also provided by a grant from the National Science Foundation.

After completing the steps of hardware assembly, a simplistic wall-following control algorithm (based on
examples provided by the F1/10 project team) was implemented using Python scripts that operate within
the Robot Operating System (ROS), running in an Ubuntu Linux environment on the vehicle’s on-board
computer. Although this control algorithm is sub-optimal, it was sufficient for demonstrating the F1/10
vehicle’s ability to be used as a functioning test bed.

With the basic functionality of the F1/10 vehicle successfully tested, future real-time systems research
can be conducted by implementing verifiable real time systems for localization, planning, and control using
the vehicle’s on-board computer.

2 Hardware

2.1 Chassis and Drivetrain
The vehicle’s chassis and drivetrain were purchased in the form of a remote control car kit from Traxxas
(specifically the Ford Fiesta ST Rally model). The outer body of the original vehicle is not used, and instead
the F1/10-specific hardware is mounted directly to the vehicle chassis. The vehicle uses an all-wheel-drive
power transmission system, which is connected to a DC brushless motor. Steering actuation is controlled
by a separate servo motor, and both of these motor systems are controlled by native Traxxas motor-control
hardware modules.

2.2 Computation
Almost all on-board computation is performed by an Nvidia Jetson TX2 module, which offers two multi-core
CPUs in addition to a 256-core GPU. The Jetson module is mounted on an Orbitty Carrier board from
Connect Tech, Inc., which allows the module to have a small physical footprint. Network communication is
achieved via built-in Wi-Fi and Ethernet adapters.

A Teensy 3.1 microcontroller board is also connected to the Jetson module via USB. The Teensy board
translates control messages from the Jetson into pulse-width modulation (PWM) signals that can be sent
directly into the Traxxas motor-control modules.

2.3 Sensing
A Hokuyo UST-10LX scanning laser rangefinder, mounted on the front of the vehicle, provides distance data
for 1081 points in a 270◦ radial sweep that is centered at the front of the vehicle. The UST-10LX can sense
distances from point-blank range to roughly 30m, and scan time is 25ms.
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2.4 Power
The power source for the vehicle is a Traxxas 11.1V lithium-polymer battery pack. A power supply module,
built from a design provided by the F1/10 group, provides 5V and 12V power sources to the Jetson module
and peripheral components.

3 Software

3.1 Environment
Ubuntu version 18.04 was installed as the operating system on the Jetson module. ROS Melodic Morenia
was installed in the Ubuntu environment, and all control functions for the F1/10 vehicle were implemented
as ROS nodes.

3.2 Software Package
A ROS package was created to organize and contain all of the code needed to operate the F1/10 vehicle.
This package contains source code, ROS message schema files, and build dependency information along with
other assets, such as header files. The package should be relatively portable between different ROS systems.

Below the package level of organization, different source code files can be used to operate individual ROS
nodes, which are effectively independent of one another. Nodes can communicate with each other through
ROS messages, which are handled by the ROS core software. Descriptions of key ROS nodes are listed below:

3.2.1 Laser Rangefinder Node

This node, which is part of the public ROS repository, establishes communication with the Hokuyo laser
rangefinder via Ethernet. It then parses the laser rangefinder scan data and publishes it as a ROS message
that contains an array of 1081 distances that are indexed sequentially by their sweep position in 0.25◦

increments.

3.2.2 Control Node

This node subscribes to the laser rangefinder node’s distance-array messages, and uses that data to navigate
a given "road" course. Navigation is dependent on having a course surrounded by barriers or walls that are
tall enough to be detected by the Hokuyo unit. The current version of the control node looks particularly at
the right-side wall and attempts to maintain a user-specified lateral distance from the wall while maintaining
a forward speed that is as fast as possible.

The laser range distance is sampled at lateral and forward-diagonal angles in order to calculate the
vehicle’s future position based on its current heading and approximate speed. The difference between the
user-specified lateral distance from the wall and the projected lateral distance along the current heading is
then calculated and used as the "error" value in a proportional-differential (PD) control loop.

For every iteration of the control loop, the differential change in error is calculated by subtracting the
previous error value from the current error value. A proportionate control gain kp, and a differential control
gain kd, are multiplied by the current error and the differential error, respectively. The vehicle’s steering
angle (Vθ) is then set to the opposite of the sum of these two products:

Vθ = −[kp × error+ kd × (error− previous error)] (1)

Additional code in the control node allows for higher or lower forward speeds to be chosen based on the
present steering angle, forced low-speed operation upon detection of forward obstacles, and sharp right-hand
turn detection (these turns are not handled reliably by the wall-following algorithm alone).

The control node publishes a message containing throttle and steering control values as integers that fall
within a predetermined control range. These messages are received by the drive parameter forwarder node.
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3.2.3 Pulsed Drive Parameter Forwarder

This node receives drive parameter (steering and throttle) values from the control node and forwards them
to the Teensy microcontroller board to be converted into PWM signals that can then be sent to the vehicle’s
motor control circuits.

Along with this basic forwarding functionality, this node also provides pulsed speed control in order to
operate the vehicle at speeds below the brushless motor’s minimum speed threshold. When the control
node’s throttle input falls below this threshold, the drive parameter forwarder will then switch between
the motor’s minimum throttle value and zero throttle at a duty cycle proportionate to the control node’s
specified velocity.

This pulsed throttle parameter forwarding scheme is fairly rudimentary, and it can result in somewhat
"choppy" movement for the vehicle, but overall it is effective at achieving sustained low-speed operation for
cornering and obstacle-avoidance maneuvers.

The drive parameter forwarder node sends ROS messages to the Teensy microcontroller through a ROS
serial communication node that is available in the public ROS repository.

3.3 Teensy Firmware
The firmware used on the Teensy microcontroller board is based almost entirely on the example firmware
provided by the F1/10 project group. The only major change in the current working version is a communi-
cation timer that stops the vehicle if no ROS messages are received from the forwarder node within a certain
period of time. This code prevents the vehicle from running at uncontrolled speed and direction if other
ROS nodes stop execution unexpectedly.

A newer version of the firmware code that includes driveshaft position-based odometry, as well as radio-
controlled emergency stop and manual override functions, is currently being tested.

4 Testing
The vehicle was tested extensively on a small, indoor race course, with a goal of achieving the fastest possible
lap times while avoiding any crashes or excursions from the course. The PD loop that is used to control
steering and throttle parameters required significant gain-value tuning, and much of the time spent in the
testing process was devoted to adjusting these gain values.

Some tests were also conducted on longer straightaway sections to evaluate the vehicle’s operational
characteristics at high speeds. These tests showed that the steering gains that worked at low speeds led to
oscillation and erratic behavior at higher speeds. In order to mitigate the non-linear effects of controlling
the vehicle at multiple speeds, separate PD gain schedules for low, medium, and high-speed operation were
created. Although this solution required even more tuning for the additional gain values, it proved to be
effective.

The vehicle was able to successfully navigate the test course, completing multiple laps at a time without
any crash incidents. The control algorithm was found to favor left-hand turns, although the vehicle was able
to negotiate most right-hand turns as well, albeit with a typically less-optimal path.

Video footage of a partial testing session is available at: https://youtu.be/m0IKpP5jAlM

5 Opportunities for Real-Time Systems Research
The current F1/10 vehicle implementation does not use any specific real-time systems, but there are mul-
tiple computational tasks involved in the autonomous operation of the vehicle that have definite real-time
requirements, and these tasks present opportunities for real-time systems research.

The use of localization (determining the vehicle’s location) on the F1/10 vehicle as tested is very rudi-
mentary, but the vehicle is equipped with all of the hardware that is needed to conduct more sophisticated
map-based localization techniques. Localization would involve taking multiple range-finding and odometry
measurements, processing that data, and comparing it to known map data, and all of those tasks would need
to be completed with sufficient time remaining to make a useful decision regarding vehicle control.
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The planning steps in the current system are also simple, but could become much more complex as
localization techniques offer more data. Certain planning algorithms might calculate the effects of taking
multiple different possible routes. Planning algorithms might also take complex physical models of vehicle
behavior into account in order to optimize driving actions such as cornering.

These tasks would need to be completed within a limited amount of time, and they might also need to
be pre-emptable in case a high-priority, hard aperiodic task, such as sudden obstacle avoidance, were to be
released.

6 Conclusion
An autonomous vehicle based on the F1/10 Open-Source Cyber-Physical Platform was constructed by a
team of students working under the guidance and support of the Real-Time & Intelligent Systems Lab at
the University of Central Florida. The vehicle was successfully programmed to autonomously navigate a
simple race course using a wall-following algorithm, and it should provide opportunities for future use as a
real-time systems test bed.
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