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Abstract

Precise, non-contact ground speed measurements are crucial in motorsports, where con-
ventional speed measurement methods become inaccurate due to wheel slip. Various
contactless methods for measuring ground speed exist, such as Global Positioning System
(GPS), estimation using Inertial Measurment Units (IMUs) as well as optical or radar-
based sensors. Low latency Non-contact Ground Speed Sensor (NGSS) with su [ciehtly
high enough update rate typically come at a very high cost. This work evaluates several
contactless ground speed measurement approaches on how well they could be developed
and would fit the requirements of Chalmers Formula Student (CFS). An optical solution
based on displacement sensors, commonly used in computer mice, was selected for develop-
ment. Two displacement sensors with di Lering specifications were selected and compared
under dilerent lighting configurations. The displacement sensor, PAW3395DM-T6QU,
was proved to function from 0-120 km/h, outputting speed measurements in both X and
Y direction at 100Hz. The sensor was shown to maintain an error margin below 3.5%
after calibration when tested under controlled environments. This shows the possibilities
of using a displacement sensor as a low cost NGSS alternative.

Keywords: Speed, Ground Speed, Speed over Ground, SoG, Sensor, GSS, Non-contact,
Optical navigation, Optical flow, Displacement, Motorsport, Formula Student



Sammandrag

Noggranna, beréringsfria markhastighetsméatningar ar valdigt viktiga inom motorsport, da
de konventionella hastighetsmatmetoderna inte blir tillrackligt exakta pa grund av bland
annat hjulspinn. Det finns flera beréringsfria metoder for att méata markhastighet, sasom
Global Positioning Systems (GPS), uppskattningar med hjalp av Inertial Measurement
Units (IMU:er), samt optiska eller radarbaserade Idsningar. Berdringsfria markhastighetssen-
sorer med 1&g latens och hog uppdateringsfrekvens ar dock vanligtvis valdigt dyra. Detta
arbete utvarderar flera metoder for beroringsfri markhastighetsmatning utifran hur val
de kan implementeras samt uppfylla kraven fran Chalmers Formula Student (CFS). En
optisk 16sning baserad pa forflyttningssensorer, vanligt forekommande i datormdéss, valdes
for vidare utveckling. Tva sensorer med olika specifikationer valdes ut och jamférdes un-
der olika ljusforhallanden. Forflyttningssensorn PAW3395DM-T6QU visade sig fungera
mellan 0-120 km/h och levererade hastighetsméatningar i bade X- och Y-led med en up-
pdateringsfrekvens pa 100 Hz. Sensorn visade sig dessutom uppratthalla en felmarginal
under 3.5% efter kalibrering vid testning under kontrollerade férhallanden. Detta visar
mojligheten att anvanda denna typ av sensor som ett kostnadse [eKtivt alternativ till
kommersiella beréringsfria markhastighetssensorer.
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List of Acronyms

Below is the list of acronyms that have been used throughout this thesis listed in alpha-
betical order:

CAN Controller Area Network

CFS Chalmers Formula Student

CPI Counts Per Inch

FFT Fast Fourier Transform

FPGA Field Programmable Gate Arrays
FPS Frames Per Second

GPS Global Positioning System

LDV Laser Doppler Velocimetry

LED Light Emitting Diode

IC Integrated Circuit

IDE Integrated Development Environment
IR Infrared

IMU Inertial Measurement Unit

IPS Inches Per Second

NGSS Non-contact Ground Speed Sensor

PCB Printed Circuit Board

Vi



PLA Polylactide
SoG Speed over Ground
SFV Spatial Filtering Velocimetry

USB Universal Serial Bus

Vii



Glossary

Focal length Distance between centre of lens and its focus plane, a shorter focal length
yields a greater eld of view.

Footprint  Outline and pad arrangement on a Printed Circuit Board (PCB) correspond-
ing to a speci ¢ electronic component.

Janus con guration A formation where two or more sensors are oriented in opposite
or mirrored directions.

LIDAR Method that measures distance by timing a laser's re ection, mapping the sur-
rounding area.

Squat A vehicle body movement, which causes the vehicle's rear to tilt.

Yaw-rate The rotation of a vehicle around its vertical axis.
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Introduction

Speed is a common measurement across multiple industries as it is often needed for
controlled movement. For regular cars, speed is most often measured using mechanical
and electronic speedometers, both of which rely on the rotation of the wheels to measure
speed [1]. However, for race cars, this is not ideal since speedometers do not take wheel slip
into account. This means that the real speed of the car is not accurate when the wheels
slip, which they often do when turning, accelerating or braking heavily during competition
[2]. A more accurate measurement of speed is the speed of the ground relative to the car.
This is called ground speed, and it can be measured using various methods, such as Global
Positioning System (GPS) [3], radar [4], LIDAR [5] and Inertial Measurement Unit (IMU)

[6]. They measure a vehicle's speed relative to the ground without the need for physical
contact, allowing for accurate speed measurement without the e ects of wheel slip [7].
This thesis will refer to them as Non-contact Ground Speed Sensors (NGSSs). For race
cars, it is essential to control the slip in order to improve the performance in corners [8].
The cost of a high-end NGSS used in racing typically exceeds 10,000 EUR according to
Chalmers Formula Student (CFS). For CFS, spending such an amount is not feasible.
The university has provided a budget of 5,000 SEK for this thesis project, which CFS
considers a reasonable price.

1.1 Background

Measuring ground speed is especially important for autonomous cars [9]. Since the driving
is fully automated, having more accurate information allows the system to make better
decisions. In addition, by comparing the contactless ground speed measurement with the
rotational velocity of the wheels, the wheel slip can be calculated, which can be used in
the control system of the car [10].

This need for precise ground speed data is also relevant in Formula Student, one of the
most well-established engineering competitions in Europe [11], where student teams build
a formula-style race car and compete in both manual and autonomous driving all over

the world. Formula Student provides engineering students with experience in teamwork,

project management, and manufacturing. The competition is not only based on having

the fastest car, but achieving the best overall performance package, design, and nancial
and sales planning are also crucial.
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