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Abstract1— The steering wheel of a competition car 
nowadays is much more then a simple part to control the car’s 
direction. It has information like engine rotations, shifting gear, 
speed and engine temperature. Those data are necessary for the 
driver to optimize his driving and also to monitor the car’s 
status. 

During this work the electronic steering wheel for the FST car 
was projected and built. The wheel communicates with the 
remaining electronics in the car through the CAN BUS, and 
receives all the data presented to the driver. 

The system consists in one processing and communications 
module, designated Módulo CAN PIC FST, and a panel named 
Painel Volante.  

I. INTRODUCTION 

The steering wheel in cars emerged from the need to 
control its direction. As the automotive industry evolved new 
needs emerged such as the creation of electronic systems for 
data acquisition like speed, engine revolutions per minute 
(RPM), fuel consumption and engine temperature. These data 
are necessary for the development of control systems in the 
car, e.g. the Electronic Stability Program (ESP) and Antilock 
Braking System (ABS) but by having this information in an 
electronic format the instrument panel also became an 
electronic component of the car instead of the previous 
instrument panels with mechanical indicators [1]. The excess 
wiring from the interconnection of electronic systems has 
been solved with the use of a single bus, the CAN BUS [2]. 
The instrument panels have constantly evolved to include 
more and more information about the car and present it to the 
user in better ways [3]. For its position and as the part that 
the driver is always in contact with, the wheel started to play 
also the role of an instrument panel [4]. Besides of becoming 
the replacement for the dashboard, electronics is also present 
in the new wheels on its primary task of directing the car, 
especially in the latest technology Steer by Wire (SBW) [5].  

The objective of this work is to build an electronic steering 
wheel to the Instituto Superior Técnico’s Formula Student 
car (FST) [6] similar to that used in Formula 1. 

The FST team currently has several projects in progress to 
electronically improve the car, and these are the projects that 
will provide data to the steering wheel. Communication 
between the electronic systems will be made by the 
Controller Area Network (CAN) bus. 

The wheel should be a system composed of two parts, a 
processing and communication module (Módulo CAN PIC 
FST) and a panel (Painel Volante) to represent the 
information. Módulo CAN PIC FST is a board designed and 
built in order to support all electronics work in the car. This 
module will be able to generate from the car’s battery the 

                                                 
 

indicated voltage for its signal processor and all of the 
peripherals adopted. The Painel Volante will be the interface 
with the driver and it should provide him all the relevant 
information in an intuitive way and quick reference.  

The wheel must have the RPM value, engine temperature, 
change gear and speed. It should also indicate the Neutral 
gearbox, notify in case of excessive engine temperature and 
also the error of Engine Control Unit (ECU). 

II. HARDWARE 

A. Architecture of Embedded System 

The architecture of embedded system designed as shown in 
Figure 1 has two blocks, the Painel Volante and the Módulo 
CAN PIC FST. By splitting the system in Módulo CAN PIC 
FST and Painel Volante it becomes more versatile and either 
party can be changed without the need to redo everything. 

 
Figure 1-Architecture of embedded system. 

B. Architecture of Módulo CAN PIC FST 

Módulo CAN_PIC_FST was designed to provide support 
to all the electronic work developed in the car, so the 
decisions in its design have always been to make it as 
generic, powerful and versatile as possible.  

The module is based on a 16-bit microcontroller, the 
dsPiC30f6012A [7]. It has a voltage regulator DC-DC 
converter, the LM2673-5.0, with an assembly that allows, for 
any input voltage between 8 V and 40 V, an output voltage 
of 5 V with maximum current of 3 A.  

It was used a MCP2551 [8] to interface the digital signal 
from each of the CAN controllers of dsPIC30f6012A for the 
differential signal used on the bus.  

The module architecture is shown in Figure 2. 
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Figure 2-Architecture of Módulo CAN PIC FST 

C. PCB Módulo CAN PIC FST 

The concerns in the design of the PCB were essentially to 
reduce area to the minimum and separate as much as possible 
the analog from the digital part.  

The PCB is of two layers and there was the desire to place 
all the connectors on the outside of the PCB to facilitate 
connections.  

The rectangular shape was also chosen to facilitate the 
placement of the module in the various systems it is designed 
to, as these systems will be distributed along the car in 
aluminium boxes. The exterior dimensions of the PCB of the 
module are 8,8 cm X 5 cm. As can be seen in Figure 3 each 
corner has a 3 mm diameter hole to bolt the PCB to the 
aluminium boxes. 

 
Figure 3-Foto Módulo CAN PIC FST. 

D. Consumption Módulo CAN PIC FST 

It was also evaluated based on the values of maximum 
consumption data by the manufacturers of the various 
components and knowing that the efficiency of DC-DC 
regulator for an input voltage of 12 V with an output between 
100 mA and 3 A is 88%.  

Using equations (1) and (2), the estimates presented in  
Table 1 were made. 

 P V I= ×  (1) 

 100×=
IN

OUT

P
Pη  (2) 

 
Table 1- Power estimates. 

Maximum power dissipation 17 W 

Maximum power available to the regulator output 15 W 

Maximum power dissipation of the module 2 W 

Power available for peripherals 13 W 
  

E. Architecture of Painel Volante 

Painel Volante is the interface between the driver and the 
system. It’s in the panel that the information is visible to the 
driver and also the button to select what to display.  

To control the LEDs and the 7-segment displays a MAXIM 
driver was used: the MAX7221 [9]. By using this driver all 
the LEDs and displays can be controlled by serial 
communication, the Serial Peripheral Interface (SPI), thus 
avoiding the use of a port of the microprocessor for each 
LED, which would be quite "unpleasant".  

LEDs and displays of high brightness are used on all the 
cases since the wheel will be used under conditions of bright 
outside as in the case of sunny days, but can also be used on 
days of low light so very bright LEDs and displays can 
confuse the driver. This problem led to the introduction of 
regulatory light intensity for adjusting the current supplied by 
the drivers to the LEDs and displays. In addition to these 
hardware regulators that can be adjusted at any time, there’s 
also the possibility to configure the software drivers for the 
level of brightness. Two drivers were used, since the 
possibility of a different brightness adjustment for each 
driver, highlights the most important information, which in 
this case is the indication of gearbox position and the ideal 
RPM gap for exchanging gear.  

The Painel Volante was designed to be a peripheral Módulo 
CAN PIC FST, and is connected to the port digital 2 
(PDIG2). This Módulo CAN PIC FST port has available the 
5 V needed to power the Painel Volante, the SPI for 
controlling the drivers, and digital records used to read the 
rotary switch.  

The architecture of Painel Volante is presented in Figure 4. 
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F. Functional Description 
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Figure 5-Painel Volante 
 

Figure 5 represents the geometry and arrangement of the 
Painel Volante components. The geometry has the form 
needed to be incorporated into the conventional steering 
wheel in use in FST car, which is the OMP Formula Quadro 
[10]. InTable 2 is the legend of Figure 5, where we see that 
the features of the wheel were distributed by the panel so the 
RPM and RPM gap for exchange gear are very visible 
because they are the most important information to driving. 
The gearbox position is also in a prominent position.  

 

Table 2-Legend Painel Volante. 

RPM LEDs 
Engine 
revolutions per 
minute 

Blue LEDs RPM gap for 
exchange gear 

Warning LEDs 

1-Neutral position 
gearbox 
2-ECU error 
3-Engine 
overheating 

Primary Display Gearbox position 

Secondary Display 
Engine 
temperature or 
speed 

 
Using the regulators the light intensity can be adjusted to 

adapt the panel to the light conditions outside.  
There are also the rotary switch that allows you to select the 

operating mode of the wheel by changing the information 
represented on the secondary display and also the possibility 
of modes like shutdown, reset and demo. 

G. Consumption Painel Volante 

Painel Volante is projected to be a Módulo CAN PIC FST 
peripheral, thus the maximum consumption estimate was 
performed to ensure that Painel Volante can be powered 
exclusively by the module. 

To estimate Painel Volante’s maximum power 
consumption, one considers the maximum current in the LED 
drivers and position 7 of the select button as this position is 
the one that leads to more consumption on the button. 
According to the manufacturer’s data and the expressions (1) 
and (2) we verify that the maximum power dissipated by the 
Painel Volante is 3,32 W, which is well below the maximum 
that the module supports for peripherals and therefore this 
peripheral can be used exclusively powered by the module. 

H. Estimated Costs 

Like every other project costs are always an important 
factor.  

Estimates of the development cost assumes an engineer’s 
income of 1000 € / month.  

It also estimates the cost of production of 50 units based on 
the budgets of the suppliers Eurocircuits and Farnell.  
The results are presented in Table 3. 

 
Table 3-Estimated Costs. 

 Development 
Production 

(unit) 
Módulo CAN PIC FST 818,10 € 33,05 € 

Painel Volante 590,85 € 32,94 € 
 
The obtained values show that the main cost of such 

projects is the development, production costs being relatively 
low. 
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III. SOFTWARE 

It was developed for the system’s microcontroller, the 
dsPIC30f6012A, the software required for it to perform all 
functions. The program begins by setting the dsPIC to 
operate at 16 MIPS, configures the necessary ports including 
the LED’s Módulo CAN PIC FST (RD11) port, sets an 
interrupt to occur each 200ms to blink the LED and so the 
user always knows if the program continues to run. 
Configures the CAN to operate at 1 Mbit/s and sends a 
message marking the beginning of its operation. Sets the SPI 
to 4 MHz and finally sets the two LED drivers to choose the 
digits that are in Binary Code Decimal (BCD) or without 
encryption, defines luminous intensity as maximum and the 
number of digits to use in each driver.  

After starting the whole system, the program gets into an 
infinite loop, reading the position of the rotary switch and 
executing the selected mode. Table 4 gives the description of 
the ten possible modes. 

Table 4-Modes of operation Painel Volante. 
Rotary switch 

position Designation 

0 Reset 
1 Race1 
2 Race2 
3 Demo 
4 Normal1 
5 Shutdown 
6 Normal2 
7 DemoFST 
8 Test Off 
9 Test 

 
The Race1 and Race2 modes are the most important. Both 

show the RPM, gearbox position, and also indication of 
neutral gearbox position, engine overheating and ECU error. 
The difference is that Race1 shows engine temperature on the 
secondary display, while Race2 shows speed. 

The demo mode runs a data simulation with counters and 
DemoFST passes the FST initials in the primary display.  
Test mode turns all LEDs on.  

IV. MEASURES AND TESTS 

Measures were taken for the various modes in which the 
system can operate the input current of the system with the 
input voltage of 12 V, see Table 5. The entry currents are 
presented for the input modes selected by the rotary switch 
and also the situation where the Painel Volante is not 
connected to the Módulo CAN PIC FST, this gives us the 
module consumption to run the developed program. Through 
the current and voltage input, the expression (1) determines 
the power dissipated by the system. 

 
 

Table 5-Power dissipated by embedded system. 
Mode Current (mA) Power (W) 

Without Painel Volante 50 0,60 
Reset 60 0,72 

Race1 e 2 120 a 210 1,44 a 2,52 
Demo 130 a 200 1,80 a 2,40 

Normal1 e 2 60 0,72 
Shutdown 50 0,60 
DemoFST 60 a 90 0,72 a 1,08 

Test 250 3,00 
 
Tests were conducted to verify the readability of the Painel 

Volante under conditions of high luminosity outside (sunny 
day), the results are shown in Table 6. 

Table 6-Readability of Painel Volante (sunny day) 
RPM LEDs Good 

Warning LEDs Good 
Blue LEDs Good 

Primary Display Satisfactory  
Secondary Display Weak 

 
The results presented in Table 6 shows that the choice 

could be better in the matter of displays.  
The use of regulators was essential because in cases of low 

light outside it is necessary to lower the light intensity to 
prevent disturbing the driver.  

Throughout the tests it was found that the force required to 
change the position of the rotary switch is very low and that 
the positions are too close together. This is a disadvantage 
because during the race the driver wears gloves. 

You can see a video of the embedded system developed at 
the internet address http://www.youtube.com/watch?v=Xdg 
rURN7sgg.  

V. CONCLUSIONS AND FUTURE WORK 

The development of this work began with the definition of 
specifications for the embedded system. At this point the 
main limitation was the definition of which functions used in 
the racing world could be applied in the FST car taking into 
account its mechanical limitations. 

In order to accomplish the specifications the system 
architecture, the wiring schematic and PCB masks were 
elaborated. There was some concern about the area and the 
geometrical compatibility with the adjacent systems. There 
were estimates of consumption to determine the maximum 
power at various points of the embedded system. 

The next phase was the production and test of the 
prototype. 

Estimates were performed to evaluate the cost of the 
development and production of systems designed, and the 
conclusion is that the cost of development is much higher 
than the cost of production. 

The software required for the system was carried out 
initially to acquire the sensor data directly from the car and 
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subsequently implemented the CAN protocol as defined in 
the specifications. 

The tests performed proved the systems operation, but have 
also identified its weaknesses. It was concluded that the 
rotary switch is not the most suitable, for having different 
positions too close and the need to apply little force for a 
switch between positions. This feature makes the button 
difficult to handle with the gloves the driver uses. In the 
future the button should be replaced by another that solves 
this problem. 

The use of high brightness LEDs has proven to be a good 
solution, but the 7-segment displays, especially for the 
secondary display, do not guarantee good legibility in bright 
light conditions outdoors. In the future the option of 
replacing the 7-segment displays for an appropriate LCD 
display will enhance the readability and also the capacity to 
represent information. 

The developed system allows the light intensity adjustment 
as already mentioned, but manually, ie you have to adjust the 
regulator to the desired intensity. It will be a good outcome to 
include a light sensor that measures the light outside of what 
the system is subject, to make the automatic correction of 
intensity, thus giving a Painel Volante that adjusts itself to 
outside light. 
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