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Abstract—This article shows the complex mechatronics 

systems that are needed to make a functioning autonomous 

vehicle. The development is shown through the modification of a 

standard go-kart. The development process involves the 

modification of the drive chain and equipping the vehicle with 

various sensors. 
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I.  INTRODUCTION  

In the autumn of 2013 the Hungarian Bosch group 
announced their new competition to several universities. The 
main task was to modify the original go-karts to be able to 
drive without human intervention. The competition lasted for 
three years, which were divided into one year periods. Each 
year’s tasks required the modification of the go-karts as well as 
the continuous development of the control system. In the first 
year five universities accepted the challenge, each with one 
team. Three more universities joined the next year, and two of 
first year’s participants started a second team, in the final year 
ten teams were raced against each other. The University of 
Miskolc joined in the first year and organized a team called 
ME-Kart, with twenty team members. During the three years 
several tasks had to be completed to achieve the final goal, 
autonomous driving. 

II. FIRST YEAR 

A. Objectives 

In the first year the main challenge was the automatic 
parallel parking. Several modifications were needed to achieve 
the desired functions. The approximately eight month long 
period for development was separated into five milestones. 
Each milestone contained one of the main components for the 
year’s final task. 

B. Implementation 

With the automatic parallel parking as the main goal, 
several sub-systems had to be developed. The first task was the 
electric reversing and the second task was the electric hand 
brake. We designed a power unit that contained four gears and 
two electric clutches, this way the two functions were 
integrated into one unit. The standard go-kart had no 
differential drive, so the rear wheels were not able to move 

independently from each other. One clutch was used to engage 
the electric motor responsible for the reverse movement. The 
modification of the original brake circuit was forbidden, the 
other clutch served as an electric brake. The power unit also 
hosted an induction sensor for measuring the distance 
calculated from the rotation of one gear’s teeth. The electric 
motor is capable of operating in clockwise and 
counterclockwise directions, which is good for maneuvering 
during the parking process. 

The third task was the electric throttle. We installed a small 
servo motor to operate in parallel with the go-kart’s own 
throttle mechanism. This way the driver had control over the 
amount of throttle even in autonomous mode. To measure 
RPM – Rotation Per Minute – of the combustion engine, it was 
equipped with a Hall-effect sensor. The sensor measured the 
rotation of the magnet responsible for the ignition. To stop the 
engine a shut down relay was installed in series with the 
original manual switch. This way the shut down process could 
be done manually or electrically by the control unit. 

The fourth task was the electric steering. We used an 18 V 
Lithium-ion battery powered hand drill manufactured and 
provided by Bosch. The drill’s trigger was replaced with a high 
current relay, operated by the control unit. The steering rod and 
the drill were connected via a planetary gear to reduce the 
speed and increase the torque of the drill. For measuring the 
angular position of the steering wheel we used a hall-effect 
based absolute angular position sensor. 

For the fifth task, the parallel parking we used twelve US –
ultrasonic sound - sensors, which were manufactured and 
provided by Bosch. The US sensors were connected to an ECU 
– Electronic Control Unit – also provided by Bosch. The ECU 
communicates via CAN – Controller Area Network – bus, 
which is common in modern vehicles. The ECU also does the 
computing needed to measure distance with US sensors, and 
sends the measured lengths in CAN messages. When the 
function was started the go-kart started moving forward. Based 
on the US sensors’ data the control unit had to keep a minimal 
distance from the parking cars on the right side. When a 
suitable parking place was detected the go-kart had to start the 
reverse parallel parking maneuver on the right side of the road. 
When the go-kart was in the parking place the correction 
maneuver started. The correction served the purpose of 
balancing the distances between to go-kart and the vehicles 
behind an in front of it. 
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Our choice for the main control unit was National 
Instrument’s CompactRIO embedded system. The LabView 
based programming made it fast and easy to develop 
algorithms capable of processing the sensors’ data, 
communicating with the US sensors’ ECU and controlling the 
actuators. 

III. SECOND YEAR 

A. Objectives 

After the fist year’s competition ended the second year’s 
objectives were introduced to the teams. Based on the previous 
season’s experiences some major changes had to be made on 
the go-kart. The drive chain had to be modified to be capable of 
hybrid drive mode as well as hosting a differential drive. The 
construction had to contain a 36 V, 1kW nominal power BLDC 
– Brushless Direct Current – motor or a 12 V, 3 kW nominal 
power starter motor or both. Both motors were provided by 
Bosch.  Because of the new drive chain, we needed to modify 
the brake circuit to be capable of stepless braking on each rear 
wheel. The engine had to be equipped with a starter, using a 
cordless power drill. This way we could implement a Start-
Stop function. The Bosch also gave new sensors, one MRR – 
Mid-range Radar –for automatic emergency braking and one 
MPC – Multi-purpose Camera – for automatic lane keeping. 
During lane keeping the go-kart had to stay in the middle of the 
road. The road segment had a little curvature, so we had to 
detect the curvature as well, and correct the route accordingly. 
The teams also got one IP – Internet Protocol – Camera to 
serve as an onboard camera. We also had to implement ACC – 
Adaptive Cruise Control- function combining the data provided 
by the MRR and MPC. The ACC is a safety system that 
combines the traditional cruise control with radar and camera 
data to predict dangerous situations and can act before the 
driver can, e.g. brake if the car in front of the vehicle is too 
close at given speed.  We had to implement a new type of 
parking, the Home Zone Assist. This function consist two 
stages. The first stage is the learning, the driver starts the 
learning process and from the starting point e.g. driveway, 
maneuvers the vehicle through a track to the end point e.g. 
garage. While the learning is in progress the vehicle monitors 
and records sensors’ data such as steering angle, travelled 
distance, throttle position, US sensor distances. After the 
learning process is the track is stored in the vehicle and can be 
replayed. When the vehicle is on the starting point again and 
the track is loaded the go-kart can navigate through the 
previously learned track. While navigating it monitors the 
surroundings and if perceives an obstacle e.g. pet or garden 
equipment stops the maneuver until the obstacle is removed. 

B. Implementation 

We decided to design a power unit – Figure 1 – that is 
capable of hybrid drive mode and also contains a differential. 
We wanted to create a parallel hybrid drive chain, for this idea 
we needed a planetary gear and a compact differential 
connected to each other in a small volume. The final design 
consisted of an axial differential drive, driven directly from the 
planet carrier of the planetary gear drive. The sun gear was 
driven by the combustion engine through the engines own 
clutch. When the engine was shut down the provided BLDC 
motor could be engaged to the sun gears via an electric clutch. 

The outer ring of the planetary gear was connected to the 
provided starter motor, or when the starter was turned off it 
was fixed to place using an electric clutch. The differential’s 
each shafts were connected to one of the rear drive shafts via 
chains. Using this design we were able to reach the maximum 
available performance in a small volume. We had three drive 
modes, only combustion engine or only the BLDC motor or the 
combustion engine and the starter motor working together. 
Using only the combustion engine the originally achievable 
maximum speed (60 km/h) was halved due to the gear ratio of 
the planetary gear, but the torque increased which was 
beneficial for the Gymkhana style final race. When only the 
BLDC motor was activated the go-kart was able to go forward 
and reverse direction and the controlling of the electric motor 
was much more accurate then the combustion engine, which 
made it ideal for the parking maneuver. When the combustion 
engine and the starter motor operates together the system is 
providing the maximum power. The nominal output power for 
the engine is 6.3 kW and the starter motor can provide 3 kW 
power. During the tests the combination of the hybrid drive 
train and the axial differential achieved the nominal maximum 
speed of 45 km/h, proving the concept was fully working. The 
previous year’s method of measuring the travelled distance was 
changed because of the modifications on the rear wheels. Each 
wheel needed a sensor to measure the correct distance. We 
designed and 3D printed a flange, which contained 22 metal 
pins. This way we could use inductive sensors to measure 
distance based on angular rotation. The flange was secured 
inside the rear wheels’ rim. 

Fig. 1. Integrated Differential and Planetary gear 

The brake circuit’s modification was needed because the 
standard go-kart had only one brake disk, since the rear wheels 
were connected to each other. First we installed two new brake 
discs to each rear shaft. The brake shoes were connected using 
a T connector. The T was connected to the to the brake 
mechanism in the front of the go-kart. The stock brake pedal 
was modified to be able to be operated manually as well as 
electrically. We used a linear actuator to move one master 
cylinder which is connected is series with another master 
cylinder which is operated by foot. With this design the driver 
has control over the braking power even when the go-kart is in 
self driving mode. If the driver notices that the brake power is 
not sufficient to stop at safe distance before the obstacle, he can 
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increase it by pushing the brake pedal. The linear actuator has 
an absolute position sensor built in it, and is driven via an H-
bridge. With this solution the electrical controlling of the brake 
power is much easier. 

The original combustion engine used recoil start, which is 
not suitable for the Start-Stop function. To overcome this 
problem the Bosch gave every team a cordless hand drill to 
modify and use it as a starter motor. First we removed the stock 
recoil ignition and modified it to be able to freely run in one 
direction. The hand drill was placed on the top of the engine 
and a pulley was installed in the chuck. After the modified 
recoil mechanism was placed back to its original place the 
pulley and the free runner were connected with a v-belt. The 
drill’s trigger was connected to the control unit via a high 
current relay. We also replaced the previous year’s method for 
controlling the throttle. The original pedal was replaced with a 
TPS –Throttle Position Sensor – and a servo motor was placed 
next to the butterfly valve. This way we had direct control over 
fuel flow, which made it easier to implement the ACC 
function. The Hall-effect sensor, which was installed in the 
previous year, was used to detect if the engine started when the 
Start-Stop function stopped and restarted the engine. The hand 
drill was modified because it had a chuck stopping mechanism 
to make the tool change easier. Due to this when the pulley was 
spinning at high speed and suddenly stopped –the engine 
started – the large rotating mass would destroy the mechanism 
inside of the drill’s gearbox. 

The steering mechanism was also changed. The hand drill 
was powerful, but it was slow and hard to control. It was 
replaced with a car’s electric steering servo motor. The motor 
was controlled via a high current H-bridge with PWM –Pulse 
Width Modulation - signals. The motor was connected to the 
steering wheel through a gear train. The steering rod was cut in 
order to install a small planetary gear train between the steering 
wheel and the steering mechanism. This way we reduced the 
torque needed to rotate the wheel at the expense of needing 
more rotation of the steering wheel for the same amount of 
angular rotation on the front wheels. However the electric 
motor was capable of delivering the needed amount of torque 
to rotate the front wheels even without the planetary gear. We 
chose this solution so controlling the rotation of the steering 
wheel was easier and more accurate. The need for higher 
rotation speed for the steering servo was not a problem since it 
already had higher output RPM than needed. 

The base of the control stayed the same CompactRIO 
embedded system. The control algorithms were tuned during 
the testing and for the steering wheel’s control we implemented 
a PID – Proportional Integral Derivative – controller. Due to 
the go-kart’s trapezoid steering mechanism tuning the PID 
controller was one of the most difficult tasks during the three 
year event. We also installed industrial wireless Ethernet access 
point on the go-kart to transmit telemetry data implement basic 
remote control and remote shut down. We established a second 
CAN bus - instructed by Bosch – for the MRR and MPC. The 
other CAN bus was used by our HMI – Human Machine 
Interface – and the US sensors’ ECU. The HMI was integrated 
into the steering wheel, it contained several buttons and 
switches to activate and deactivate functions. 

IV. THIRD YEAR 

A. Objectives 

The third and final year of the competition included the 
most complex objectives. The Bosch provided a second 
generation MPC for each team. The camera is capable of 
detecting road signs and had an enhanced algorithm to detect 
lines on the road. One of the tasks was to detect speed limit 
signs and slow the go-kart under the given speed limit. The 
lane keeping became harder as well, we had to detect a smaller 
radius than the previous year. The ACC function also had to be 
improved. Instead of avoiding the collision with full braking, 
we had to keep distance – 10 to 20 m, given at the start of the 
race – form the vehicle in front of the go-kart while was 
maintaining the detected speed limit. If the car in front of the 
go-kart accelerated above the given speed limit, the go-kart 
accelerated as well but only until it reached the speed limit 
detected before. At the end of the track was an AEB – 
Automatic Emergency Braking – target object. After detecting 
the no speed limit sign the go-kart accelerated and at near full 
speed approached the target object. The objective was to stop 
as close as possible to the target object using the MRR. The 
target object was an inflatable car shaped balloon, and inside 
was a radar mirror for optimal reflection. 

The second big task was the autonomous navigation. The 
objective was to navigate through an obstacle track using three 
methods on the three different segments. The first part – lane 
keeping – was done using the MPC. The curvature was bigger 
than in the previous year, and the track was also narrower. The 
second part was the navigation with US sensors. After reaching 
the end of lane keeping the driver had to change drive mode. 
The go-kart had to navigate through a zigzag shaped track with 
0.75 m high walls using only data from the US sensors. The 
final part was the GPS – Global Positioning System – 
navigation. After leaving the obstacle course the driver 
changed navigation mode and uploaded the destination’s GPS 
coordinates – given at the start of the race – to the system. The 
objective was to navigate using only GPS coordinates and stop 
as close as possible to the target. 

The third main task was the regenerative braking. We had 
to modify the drive train to able to regenerate kinetic energy 
during braking process. 

The previous years’ automatic parallel parking and home 
zone assist functions were extended with automatic cross 
parking. The function is similar to the parallel parking, but 
after the parking place was found the go-kart had to park 
perpendicular to the driving direction. The parking space for 
cross parking is narrower and deeper than the parallel 
parking’s. Detecting the correct place was more complicated 
than the parallel parking. 

The Bosch provided a telemetry box for each team, which 
communicated via CAN bus. We had to send specified data to 
the box such as speed, acceleration, steering wheel angle, GPS 
position etc. using CAN messages. 

B.  Implementation 

On figure 2 we can see the system layout implemented in 
the third year. Every major sub-system had its own function. 
The main control unit is the CompactRIO. It processes all 
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sensors’ data and handles all communication via CAN as well 
as Ethernet and provides HMI to the driver. 

Fig. 2. System layout 

For the regenerative braking we used the previous year’s 
power unit with only a few modifications. The chains 
connecting the differential with the rear shafts were replaced 
with toothed belts. This way the final drive ratio has been 
modified from 0.53 to 0.5 resulting slightly increased 
maximum speed and slightly less torque. The modification was 
needed to reduce the space needed for the gearbox, this way we 
could protect it from every side from debris and smaller parts 
that may be on the track. The belt drive is also more efficient 
and needs less maintenance. When the regenerative braking is 
active the BLDC motor is engaged to the drive train as a 
generator. When the braking process starts the BLDC’s 
controller shuts down to avoid any malfunctions caused by 
generator operation. When the brake pedal is pressed the 
BLDC motor is connected to a three phase rectifier via a high 
current contactor. The rectified voltage charges an industrial 
600 F capacitor bank. The capacitor bank has overvoltage 
protection to avoid overvoltage surges. The stored energy then 
can be used in hybrid mode where the starter motor is supplied 
from the capacitor bank. We used six 3000 F, 2.7 V graphene 
based capacitors connected in series. The maximum voltage of 
the bank is 16.2 V and the capacity is 600 F. Given these 
parameters the maximum energy that can be stored in the bank 
is approximately 78 kJ. We used the bank on 14.4 V so the 
starter motor would not be damaged from the overvoltage. At 
14.4 V the energy stored is 62 kJ. The go-kart’s maximum 
speed is 50 km/h and weights about 350 kg with driver. The 
maximum kinetic energy of the vehicle is 34 kJ. This means 
that the go-kart could be stopped using only regenerative 
braking, but the braking power would be less than what the 
hydraulic brake can provide. The stored energy can also be 
used to charge the batteries in the vehicle. We chose the 
capacitor bank because it is capable of handling currents up to 
2 kA and it is designed for fast charge and discharge cycles. 

For the GPS navigation we needed an accurate solution. 
We experimented with different types of GPS modules, but the 
accuracy was not enough for maneuvering, also most of the 
tested receivers had some drift over time, making them even 

less reliable. We developed a unique solution, an Android 
program that used GPS as the main source for location and also 
used cellular information for increased accuracy. This way we 
achieved 1.5 m accuracy which is still not ideal, but proved to 
be one of the best solutions among the participating teams. The 
application run on a mobile phone held by the driver and it 
communicated with the go-kart via WiFi. 

The cross parking used similar algorithm to the parallel 
parking. The parking space detection only differed in the 
dimensions of the parking lot. The maneuver started with a 
curved reversing motion. When the go-kart was perpendicular 
to the course of the road the control unit switched to correction 
mode. In this mode using the data from the rear and side US 
sensors the course was corrected, so the vehicle was parallel 
with the parking cars. Using the front US sensors’ data the 
depth of the parking maneuver was calculated so the go-kart’s 
front bumper was in line with the parking cars front bumper. 

We needed a bigger screen to display the numerous 
functions and sensor data. The CompactRIO had a mini 
Display Port connector. For HMI we connected a 9 inch LCD 
and using the USB – Universal Serial Bus – connector we 
connected a wireless keyboard and touchpad as input device. 
The LCD and the keyboard were secured on the chassis which 
was not a necessary component, but we decided to design and 
make one for better water resistance. 

V. RESULTS 

During the three year competition the ME-Kart team 
achieved great results. Claiming the Absolute victory in each 
year and winning several special awards including Best 
Technical Solution 1

st
 place, Smartest Go-kart, Best 

Teamwork, Efficient Go-kart 3
rd

 place, Intelligent Go-kart 2
nd

 
place, Self Driving Go-kart 1

st
 place.  
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