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1 - INTRODUCTION 

 

This report explains the mechanical & software specificities of our car for the NXP cup, which is an international 

competition organized by NXP. The competition is a race between small autonomous cars that must follow, as 

fast as possible, a white track delimited by two black stripes on the borders. 

This competition implies multiple disciplines, like project management, PCB design, regulation, and by far the 

most important aspect, embedded programming. 

Our PCB and some peripheral drivers where provided by our Institute, so our focus was on the embedded 

software and monitoring systems. We realized this autonomous car as our semester project. 

Our team, is composed by three students from the swiss engineering school “Haute-Ecole Arc”. 

- Charly Kaufmann 

- Manuel Rauscher 

- Vincent Frangi 

We are currently in our third year, specializing in embedded systems, but also digital & analog signal processing 

as well as electronics design. 

We are very excited to compete for the race, as we invested a lot of time and head-scratching into this lovely 

car. 

 

We would also like to thank our professors for their help: 

Philippe Amez-Droz, Yves Meyer, Serge Monnerat, Patrice Mueller and Nuria Pazos. 
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2 - MECHANICAL SPECIFICATIONS 

Height: 303 mm 

Width: 160 mm 

Length: 350 mm 

2-1 CHASSIS 

 

 

 

 

2-2 CAMERA SUPPORT 

We are using two (1 x 143px) line array cameras, coupled with two red LED. Two camera mounts allow 

adjusting the camera angle. We decided to use another camera, to be able to retrieve the pixel array as digital 

values. Which we found much easy to use. 

The higher camera is looking right in front of the car, whereas the lower one, is looking much further away.  

Even through this camera arrangement is far from being nice, it allows us to improve visual recognition of the 

track. Rising the camera, allows us to maximize the usable pixels. The other way around, we would reduce 

track-width coverage of the “nearest looking” camera.  

This allows us to calibrate our cameras at our needs. The firmware support this “crossing” mode, but is also 

able to work with a “non-crossing” arrangement, even if we do not recommend that setting. 

2-3 STEERING CONFIGURATION 

The steering is provided by a model servo motor, that was provided in the mechanic kit. It is a Futaba S3010.  



 

4 
 

2-4 MECHANICAL CONFIGURATION 
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3 - ELECTRONICS & PCB DESIGN 

3-1 GENERAL 

 

3-1-1 BLOCK DIAGRAM 

 

 

This picture is based on NXP’s bloc design. 
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3-2 MAINBOARD 

The mainboard is the heart of our car. It was designed at our school, and evolves each year. It integrates all the 

necessary interfaces for sensors (2 cameras, 2 speed sensors, Wi-Fi Module), but also most high-power 

components like two MC33887APVWR2 H-Bridge and two servo interfaces. To keep up with so much sensors 

and actuators, our microcontroller is a powerful MK64FN1M0VLL12 (ARM Cortex M4, ARMv7). 

The mainboard also offers some human – machine interface: 

- 2 buttons 

- 2 potentiometers 

- 4 DIP switch 

- UART interface (J12) 

- Wi-Fi breakout pins 

- 4 onboard LED’s 

- 1 connector for LEDs, (controlled by a LED driver) 

Noticeable components: 

- µC: MK64FN1M0VLL12, Cortex M4 with FPU. 

o Frequency:   <= 120Mhz 

o Pin count:  100 

o Flash:   1MB 

o EEPROM  N/A 

o SRAM:   260kB 

o GPIO:   66 

- H-Bridge: MC33887APVWR2, Monolithic Power IC with load current feedback. 

o Compatible for inductive loads 

o Continuous DC load <5.0 A 

o Peak current \w limiting 5.2<= x <= 7.8 A 

- LED Driver: IS31LT3360, inductive step-down converter for driving multiple LED’s in series. 

o Input voltage  6v – 40v 

o Adjustable output 25% = 0.3v on ADJ pin, 100% = 1.2v 

- Accelerometer & Magnetometer: FXOS8700CQ, 6 Axis Accelerometer & Magnetometer  
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3-2-1 PCB 
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3-2-2 SCHEMATIC 

 

  



 

9 
 

 

 

  



 

10 
 

3-3 LINE SCAN CAMREA 

It is surely not the heart of our car, but it is one of the most important sensors. We use the MLX75306 linear 

optical array, which is connected over SPI to our mainboard. 

3-3-1 PCB 

 

 

3-3-2 SCHEMATICS 
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3-4 SPEED SENSORS 

To regulate our speed, we require a way to measure our car’s velocity. We mounted small magnets on the 

motor shafts, and are using those PCB to capture the direction and rounds per minute, done by our motors. 

This gives us the ability to use PID regulators to obtain the best precision and a fast response. 

Those sensors are made by ourselves. You can see the specifications in the following pictures. 

3-4-1 PCB 

 

 

3-4-2 SCHEMATICS 
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3-5 WIRELESS COMMUNICATION 

To help us develop and debug our car, we use a Wi-Fi module: RS9110-N-11-2X, which can communicate over 

UART to our microcontroller. It is an 802.11 Controller including an IP stack.  

This device was used for development purposes, and will be removed for the race. 

3-5-1 PCB 

 

3-5-2 SCHEMATICS 
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4 - EMBEDDED SOFTWARE DESIGN 

 

The car is running a software written in C. It uses a modular approach using 3 layers. 

4-1 DRIVER ARCHITECTURE 

1. Interface layer (lowest) 

This layer interfaces with hardware. NXP/Freescale provided a large part of these. For example, the µC 

startup code, servomotors controller and GPIOs. Missing drivers were added to full fit our needs (SPI, 

H-Bridge, UART and DAC) 

 

2. Module layer 

This middle layer are consuming services used by the interface layer, to make peripheral work as 

intended. For example, they handle the H-Bridge, or the image acquisition by the camera. They might 

use multiple interfaces to offer one simple interface for the manager layer. 

 

3. Manager layer 

The manager layer is the highest layer, it is the application layer. It controls the speed & steering, 

LED’s, the user interface, all the Wi-Fi communications, and more… 

4-2 SCHEMATIC REPRESENTATION OF THE SOFTWARE ARCHITECTURE 
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4-3 STATE MACHINE 

The car is led by a state machine that handles the code flow, calling the appropriate functions, and tweaking 

their parameter depending of the situation. 

For example: in the initialization, we call setup functions of our processing but not in the run state. 

This allows us to reduce CPU load and gives us a more modular approach to the code. 

Here is a representation of our state machine: 

Init

Menu

Countdown

Start

Crossing Turn Left Turn Right FinishLine

Stop

1 cycle

Press botton 2

3s

Botton 1 or 2

There is a junction Is turning left Is turning right Start line detected

2s

Car stopped

1 cycle

Menu

Run

Calling Setup functions

Wait

Wait
Reset Fuctions

Computing

Computing
Running

Computing
Runnigng

Computing
Running

Computing
Running

 

Remark: „Crossing “, „Turn Left “, „Turn right “states are all able to go back to “Run” state. 
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4-4 VISION 

The vision algorithm is the most critical mechanism in our project. A major difficulty is to locate the borders of 

the road, and to extrapolate in what kind of segment we are. We should differentiate between a curve, a 

crossing, and a squiggly road. This analysis must be efficient and reliable enough to supporting all kind of 

situations. Vision and camera treatment was the major cause of bugs and difficulties. 

Here is a sequence of treatment for one camera: 

Binarisation

Lines
Detection

Distance 
between 

lines

Find center

Update 
previous 

values

Raw Cam data

 

We use previous values of the output to approximate where a line is supposed to be. 
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We apply the treatment for each camera and then we merge both results, to interpret the situation.  

Treatment cam 2Treatment cam 1

Merge function

Raw Cam 1 data Raw Cam 2 data

Vision interpreted

 

4-5 USER INTERFACE 

On the mainboard, we offer the ability to tweak some of the car’s parameters. 

SETTING SWITCH 1 SWITCH 2 

SLOW STRAIGHT LINE SPEED 0 0 

MEDIUM STRAIGHT LINE SPEED 0 1 

FAST STRAIGHT LINE SPEED 1 0 

MAX STRAIGHT LINE SPEED 1 1 

 

SETTING SWITCH 3 SWITCH 4 

SLOW CURVE LINE SPEED 0 0 

MEDIUM CURVE LINE SPEED 0 1 

FAST CURVE LINE SPEED 1 0 

MAX CURVE LINE SPEED 1 1 
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5 - MONITORING & DEVELOPMENT TOOLS 

 

5-1 JAVA BASED MONITORING 

In the second school year, one of our team members has developed a visualization tool based on java, to 

analyze data sent over Wi-Fi. This monitoring solution includes a graphical user interface, allowing plotting for 

our linear optical array.  

 

5-2 PYTHON BASED MONITORING 

At the beginning, we had a lot of issues with our network cards, trying to setup an ad-hoc network. It turned 

out most of our network cards could not be set in this mode. 

So we developed a serial monitoring solution to show the camera output.  

The mainboard stream the captured camera image over a serial port, and is gathered by the python script. 

Using PyQT and numpy, we truncate the data and are plotting the received data. 

We also added a small tool, which logs those frames into a csv sheet. This allowed us to simply obtain statistics 

and interpret the received data. 
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5-3 MATLAB BASED MONITORING 

We wanted to explore the possible post-processing possibilities with IIR filter on pictures. Based on the python 

monitoring, we coded a MATLAB script. We discovered that the classic plot function had huge performance 

issues, and the program was not able to keep up with the sampling rate of the camera. It seemed the FIFO-

buffer was saturated, as the plot function was locking the main program thread, and thus, was not able to 

consume the data in the buffer. The serial buffer congestion causes data dropping. 

We were not able to go any further due to the deadlines. 

 

 


