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Design and Testing a Localization System on an Arduino
Car
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ABSTRACT: The Localization System Design described in this paper as a basic framework for system design
for autonomous vehicles. Using satellite data from a Global Navigation Satellite System and vehicle
inertial/positional data from an Inertial Measurement Unit, we produce a program that can travel to
predetermine Global Positioning System coordinates. This design aims to examine methods to collect accurate
data in standardized units for use in calculations needed for the system’s logic. The system is designed using a
Python program supplied by a computer, provides a GNSS error of 25cm and navigates in respect to magnetic
North with a manual offset. Autonomous vehicles using this design can navigate basic courses with preset GPS
coordinates without obstacles. Future expansion through additional sensors is available without major
adjustments to the present design.
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l. INTRODUCTION

Autonomously controlled vehicles are a growing field in the automotive industry. Companies like
Tesla, with their lineup of electric semi-autonomous vehicles', and General Motors, with their Cruise division of
fully autonomous test cars?, are working hard to make autonomous personal transportation a reality. In a future
of completely autonomous transportation for people and products, accidents due to human error are practically
nonexistent, creating a much safer environment on our ever-expanding network of highways and roads®.
Another key aspect to a future with fully autonomous transportation is machine learning and its ability to
increase safety and efficiency in time spent on the road, energy being wasted sitting in traffic, and pedestrian
avoidance”.

The localization system for a small Arduino robot car with similar control output to that of the Golf
Cart planned for development. This is done for ease of testing and troubleshooting with minimal environmental
risk. The Autonomous Golf Cart is a long-term project from the GameAbove College of Engineering &
Technology at Eastern Michigan University. Our role within this project is to create an autonomous taxi service
for students around campus. This project is a beginning framework to create a basic autonomous system for
Global Positioning System based navigation. Due to the planned control systems of the Golf Cart, adjusting the
system to the cart will require minimal effort in the future.

Il.  SYSTEM ARCHITECTURE
The localization system is designed entirely within Python 3.8 and Arduino IDE. Both the IMU and
GNSS provide development Kits and libraries compatible with Python 3.8 that allow for easy calibration and fast
data collection. This requires a computer to transmit data and run the program. Our software performs
independent calculations needed for pathing and communicates to the Arduino through bytes with low latency
and memory usage.
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Figure 1 An Xsens Mti 630 Altitude and Heading Reference System mounted onto an Xsens MTi-600
development kit board.

The Inertial Measurement Unit or IMU is an Xsens MTi 630 Attitude and heading reference system
(AHRS). This device can provide vehicle directional and acceleration data through collaboration between
gyroscopes, accelerometers, and a magnetometer. Acceleration is collected in m/s® with accuracy of 15pg.
Orientation data degrees with an accuracy of 0.2° for roll/pitch and 1.5 for yaw. Our measurements obtained are
collecting in degrees and m/s? respectively. Using the Xsens development API for Python 3.8, we are able to
initialize and communicate with the IMU at a frequency of 100Hz through an xbus USB connection to a
Windows laptop.

Il IMU Output Before Offset
Il IMU Output After Offset
B Actual Vehicle Direction

Figure 2 Coordinate plane comparison before and after IMU offset calibration

The IMU is configured to orient its y-axis/pitch as the cardinal direction North using a +90 degree
offset. This adjustment is visible in Figure 2. Our device outputs vehicle orientation to the Python program for
comparison. For consistency, the IMU will be located at the center of our testing vehicle to ensure center of
mass orientation to prevent improper readings due to torque. Maintaining a high frequency of checks and
adjustments will allow an accurate path traveled for the cart with minimal downtime.

Figure 3 A u-blox CO99-F9P with ZED-F9P Global Navigation Satellite System receiver attached to its
satellite.
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The Global Navigation Satellite System or GNSS we selected is the u-blox ZED-F9P attached to a
CO099-F9P. This device is configurable to obtain GPS coordinate signals at a rate of up to 10MHz from a cold
start of 25s. We are operating the device in Satellite-based Augmentation System (SBAS) mode with an
accuracy of 1.0m and a navigation update rate of 8Hz. For more accurate readings, we would use Real-time
kinematic positioning (RTK) mode for an accuracy of 0.01m. However, it requires a second ZED-F9P for a
base-rover system. We adjust our system accordingly for this increased inaccuracy.

The precision and accuracy of the GNSS device are very important to our project. If the device was to
be too far off of the true coordinates, the car would travel to an improper location, and if implemented to the
golf cart, could potentially harm a passenger. According to the device specifications, the device should be
accurate to within two meters, which if accounted for and working correctly, should be accurate enough to guide
the cart to the predetermined path coordinates.

To test the precision of the GNSS, twenty different locations were tested at least 100 meters apart, and
twenty iterations of the coordinates being reported by the GNSS were logged. We then recorded the coordinate
location reported by Google Maps by placing a pin at our location using the satellite map overlay and visual aids
instead of relying on the poor accuracy of the GPS in our phone. Shown below are graphs representing the
standard deviation of the coordinate sets and comparing the difference between the Google Maps and GNSS
coordinates.

Latitude

Longitude

Figure 4 Difference between Google Maps and GNSS coordinates.

Shown in Figure 4 is the average difference between each set of coordinates and the coordinates given
by Google Maps. The closer the value is to zero, the more accurate the coordinates. Some error occurs in the
Google Map coordinate gathering due to poor accuracy of the GPS in our phone and being forced to resort to
dropping pins in the map for ourselves.
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Figure 5 Graphing of the standard deviations in the coordinate set between GNSS output and expected GPS
data.

Shown in Figure 5 is the standard deviations of the twenty recorded coordinates in each coordinate set.
The closer the value is to zero, the more precise the coordinates. According to the values in the graph, the GNSS
unit is precise to an average of 25 cm. This far exceeds the expected value of two meters.
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I11.  DESIGNDETAILS
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Figure 6 A Flowchart for localization using a GNSS and IMU.

Bl

The flowchart of the GNSS and IMU localization system is seen in Figure 6. When the program runs, it
first calls the data from the GNSS, IMU, and the coordinates of the predetermined path. It then checks if the
devices are on the correct path. If they are, it checks for the angle between the path coordinate and the devices
and chooses how to respond based on that answer. It then checks for completion. If yes, it ends that portion until
a new path coordinate is given. If no, it reruns the code until the answer is yes.

This concept would utilize a GNSS board and an IMU to determine where the Arduino car is and
where its facing to determine how the golf cart should move in order to reach its final destination. The computer
uses a GPS coordinate map to create a path for the cart to follow and the IMU would allow the computer to
make minor adjustments to keep on track. The system allows for efficient and direct travel but is prone to
obstacle interference due to lack of sensors.

Using the output of the GNSS and IMU along with a set of predetermined coordinates, we develop a
system to determine the distance and direction of the path compared to the current location of the car. To do
this, we wrote a program in Python 3.8 using the Anaconda distribution platform. For testing purposes, we ran
the code on a Windows 10 computer with text files replacing the inputs from the IMU and GNSS. In the final
version, we added the code for the IMU and GNSS to the pathing algorithm.
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Pathing Algorithm Flow Chart
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Figure 7 Pathing algorithm flowchart using IMU and GNSS data to determine car movement.

The program calls the data from the GNSS and the IMU and reads a text file for the path coordinates as
seen above. Comparing the GNSS and stored path coordinates, the program determines the distance and angle
between the two points. Beyond 2 meters, the program calls the IMU data and determines which direction the
car turns to parallel the GPS comparison and vehicle pitch vectors. Within a 2-meter range, the program stops
the car in place, calls for the next path coordinate, and repeats the process until the path is complete.

Figure 5 Final Assembly of the Arduino Car

The Arduino car is assembled using a Windows computer, the GNSS and its satellite, and the IMU
connected via USB and powered by an external battery as shown above. The laptop is placed on top and the
GNSS and IMU are mounted on the aluminum plate underneath the laptop. Below those two levels are the
Arduino, motor drive board, battery packs for both the GNSS and the Arduino car. Mounted on the side is the
extra cabling for the GNSS antenna. The wire hanging off the back of the car (right side of the image) is a
grounding wire to help reduce interference.
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IV. RESULTS
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Figure 7 Test output of the pathing algorithm (left) and a coordinate plane representation of the systems
decision making.

The system can navigate through multiple GPS coordinates stored onto the computer’s memory without
user input beyond powering the machine. No obstacles were present for the car to navigate around. Our
localization estimates the distance between the car and the next point successfully and compares the vehicle’s
pitch to the angle needed for the quickest straight-line path. Figure 7 shows a debugging window of the system
listing the distance from the next point in mm, the needed angle, and the vehicle angle in degrees.

Detailed testing revealed the system is effective and able to communicate efficiently with the Arduino
for effective control. The computer in testing was held due to improper weight calculations. Further revisions
should expect to implement a smaller form factor computer if expected to test with the Arduino car. However,
the system is lightweight and effective enough for future expansion onto the project with addition for object and
obstacle avoidance for more practical implementation.

V. CONCLUSION
Our localization system using GNSS and IMU data allows for basic, linear navigation with
predetermined paths. This system operates with inaccuracies of +/- 25 cm and a consistent offset for the IMU.
The project can be scaled to a more developed project for the overall golf cart project. Future developments may
include a full pathing algorithm paired with additional data collection devices such as the LIDAR Puck or
vehicle prediction using acceleration data from the IMU. It is recommended that this system is only used in
controlled, testing environments in its current state.
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