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Introduction 
We have designed an autonomous racing car for The NXP Cup competition. A Freescale KL25Z 

microcontroller and FRDM-TFC shield have been utilised to control the motors and servo which are 

supplied with the standard regulation kit. Visual feedback is provided by the TAOS TSL1401-CL line-

scan camera and the velocity of the car is estimated using Hall-effect sensors.  

Mechanical Design 
The camera is mounted to the chassis via two 6mm aluminium rods with 5mm screw threads with a 

rotatable mount for the camera. The height and positioning provides a wide field of view so the 

entire track can be processed by a single camera. 

 

 

The rod is stabilised using a plastic mount. This consists of a plastic beam supported from two screw 

mounts, and an angled connection piece. This has a snug fit to ensure the camera does not wobble 

while in operation: 
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For the car to handle low lighting scenarios such as driving through a tunnel the need for headlights 

were established. An array of LEDs are powered directly from the battery on a 3D printed mount on 

the front of the car. 

The headlamps are arranged in parallel following a voltage divider to lower the battery voltage 

suitably. The headlamps (pictured) feature an adjustable field of view. 
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Electronic Design 

Hall Effect Sensor 

 

Figure 1: circuit diagram of the circuitry used to create the speed sensor. 

 

During the planning, the need for sensors to measure the angular speed of each wheel was 

identified.   

Hall-effect sensors with a high pass filter in series with an op-amp provides a digital pulse in 

the event of a magnet passing the sensor.  

The speed sensors are reliable over varying speeds and during testing provide a mean reading of 

distance (from integration of speed and time) that has an error of less than 4%.   

The speed sensors provide inputs to the motor control and the electronic differential.  

The hall-effect sensors are the Honeywell Ratiometric Hall Effect Sensors. These were chosen, as 

NXP semiconductor does not currently manufacture simple hall-effect sensors. This was confirmed 

as acceptable with the NXP Cup Coordinator prior to the event. 
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Figure 2: phot of the speed sensor circuit used on the car 

Software Design 
The car software is written in C using the ARM mbed development environment running on the 

Freescale KL25Z microcontroller. A FRDM-TFC library is available in mbed to interface with the 

FRDM-TFC shield which provides power management and driver chips for the motors. 

 

Figure 3: A flow diagram of the overall control system 

PID Control 
Proportional-Integral-Differential (PID) controllers are a control-loop feedback mechanism which we 

use to control the Futuba S3010 servo for steering and the two motors for drive. After gathering 

experimental data, we decided to simplify the PID model. For steering, we ignore the differential 
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component, resulting in a PI controller. For drive we only use the proportional component (P 

controller). The values for the steering in the PI controller are dictated by the speed at which the car 

is travelling, for every speed there is a PI values that are used to ensure stability and reliability.  

Motor Control 
The car has two independently driven motors that drive the two back wheels and allow each of the 

motors to deliver different levels of torque. This means that motor control is necessary to make both 

motors run at the same speed on straights whilst also delivering stability whilst cornering. 

A motor control works in conjunction with an electronic differential. This utilises the Ackerman 

steering principle, the on-board speed sensors and the steering output in order to control the 

Torque delivered to the wheels. 

The electronic differential will enable the car to be more stable when cornering at high speeds, and 

the use of a limiter increased stability when accelerating, in order to prevent the car from lurching 

during its start sequence. 

  

 

Camera 
The camera captures a one-dimensional horizontal slice of the road ahead. With every incoming 

image frame, the car's position relative to the track centre is calculated. This positional error is 

passed to the steering controller which updates the front servo, minimising this error, keeping the 

car in the middle of the track. The crossroad track piece is handled through observing the presence 

of the track edges, resetting the steering servo if they are both lost. 

Another requirement is to determine if the finish marker is observed, so the car can stop if the lap is 

complete. This is accomplished using a method which records the number of transitions from 

light/dark and vice versa. If this exceeds 5, the marker has been observed. 

It is of essential importance to maximise the efficiency of the utilised visual processing techniques. 

To improve lap times the car's speed must be increased, and the processing time must fall to 

accommodate this 

Specifications 
 

Dimensions: 

Height: 300mm 
Width: 160 mm 
Length: 295 mm 
 
Weight: 
With battery: 1098g 
Without battery: 797g 
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Battery: 
ANSMANN Racing Pack – 3000mAh NiHM 7.2V 
 
 
Microcontroller:  
Freescale FRDM-KL25Z @ 48MHz 
Freescale FRDM-TFC shield 
 
 
 
 

Bill of Materials 
 

Item Quantity Cost/item Total Cost 

FRDM-KL25Z Freedom Development Board 1 £24.34 £24.34 

White LEDs C503D – WAN - CCbEb151 15 £4.80 £4.80 

100k - Ohm Variable Resistors 4 From Stores  

Diodes 2 From Stores  

LM234N Op Amp 2 From Stores  

1uF Capacitor 2 From Stores  

Resistor 10 k - Ohm 2 From Stores  

Resistor 10 M - Ohm 2 From Stores  

Resistors for Potential Divider 2 From Stores  

 

 

 


