
 

 

 

ABSTRACT 

The aim of this project is to show the reader the design of a mixed analogue-digital 

data acquisition system, and in particular, the application of this design into a FSAE 

competition car. 

A data acquisition system is the first step in any electronic design, followed by the 

transmission of the data and the use of that. In case of a competition car (the 

application of our system) the data is collected, transmitted via some bus to the entire 

car and the ECU and then, transmitted via radio to some control centre.  

The analogue part of the circuit use different kind of sensors, filters and amplifiers. 

Then, using the PIC18F2480 microcontroller, all the data is digitalized and operate 

when needed, and is ready to send it via Controller Area Network (CAN) bus.  

In order to make a good acquisition system design, the need of in-car information was 

asked to all the team. The results were the need of 7 parameters to be measured: 

Engine temperature, refrigerant temperature, oil temperature, chassis deformation, 

engine revolutions per minute, car speed and acceleration in XYZ axis.  

With a data acquisition system implemented in a car the safety and control increases. 

The driver can prevent engine failures, chassis fractures or simply know the status of 

the suspension. This gives safety to the driver, and when complemented with 

transmission to a control centre, also gives information to the team.  
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1. INTRODUCTION 

Nowadays cars are plenty of electronics system. The hifi

equipment, the safety systems.., even where the driver can not see it, such as the 

engine, the injection system or the key, are electronics devices. One common point is 

that electronics are there in order to make us an easie

electronics in the car is a recent issue. Many years ago, cars were not “electronics”, 

with lots of mechanical parts that were expensive and fragile. 

It’s commonly considered that the electronics began with the thermionic d

developed by John Ambrose Fleming in 1904, based in the Edison effect. Edison was 

the first who discover the thermionic emission in 1883, when placed a small plate 

inside a light bulb to prevent the glass blacken due to the carbon filament. He saw 

when the plate became polarized a small current between the filament and the plate 

was produced. The electrons of the filament, when heated, escaped from the nucleus 

and were attract by the positive polarization of the plate.

Some years after, Lee De Forest 

the valve (or vacuum tube), but with the addition of a control grid between the 

cathode and the plate with the object of vary the current over the plate. This was 

important to start to manufacture the 

televisions, etc. 

The definitive step to start the electronics was the appearing of the transistor, 

invented by John Bardeen and Walter Brattain at the Bell Telephone Labs, in 1948. 

Thanks to this discover, some dev

transistor, in 1949, is the device used nowadays in many electronic applications. Some 

advantages of this against the valves are: less size and fragility, more efficiency, less 

input voltages, etc. The transist

main reason why don’t need hundred of volts to work.

In 1958, the first integrated circuit was developed. It made up six transistors in one 

chip. In 1970 was manufactured the first microprocessor: In
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Nowadays cars are plenty of electronics system. The hifi, the dashboard, the navigation 

equipment, the safety systems.., even where the driver can not see it, such as the 

engine, the injection system or the key, are electronics devices. One common point is 

that electronics are there in order to make us an easiest life. The integrating of the 

electronics in the car is a recent issue. Many years ago, cars were not “electronics”, 

with lots of mechanical parts that were expensive and fragile.  

It’s commonly considered that the electronics began with the thermionic d

developed by John Ambrose Fleming in 1904, based in the Edison effect. Edison was 

the first who discover the thermionic emission in 1883, when placed a small plate 

inside a light bulb to prevent the glass blacken due to the carbon filament. He saw 

en the plate became polarized a small current between the filament and the plate 

was produced. The electrons of the filament, when heated, escaped from the nucleus 

and were attract by the positive polarization of the plate. 

Some years after, Lee De Forest invented the triode in 1906. This device is similar to 

the valve (or vacuum tube), but with the addition of a control grid between the 

cathode and the plate with the object of vary the current over the plate. This was 

important to start to manufacture the first sound amplifiers, radio receptors, 

The definitive step to start the electronics was the appearing of the transistor, 

invented by John Bardeen and Walter Brattain at the Bell Telephone Labs, in 1948. 

Thanks to this discover, some devices such as radios became smaller. The joint 

transistor, in 1949, is the device used nowadays in many electronic applications. Some 

advantages of this against the valves are: less size and fragility, more efficiency, less 

input voltages, etc. The transistor works in a solid semiconductor state (using silicon), 

main reason why don’t need hundred of volts to work. 

In 1958, the first integrated circuit was developed. It made up six transistors in one 

chip. In 1970 was manufactured the first microprocessor: Intel 4004. Nowadays the 
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inside a light bulb to prevent the glass blacken due to the carbon filament. He saw 

en the plate became polarized a small current between the filament and the plate 

was produced. The electrons of the filament, when heated, escaped from the nucleus 

invented the triode in 1906. This device is similar to 

the valve (or vacuum tube), but with the addition of a control grid between the 

cathode and the plate with the object of vary the current over the plate. This was 

first sound amplifiers, radio receptors, 

The definitive step to start the electronics was the appearing of the transistor, 

invented by John Bardeen and Walter Brattain at the Bell Telephone Labs, in 1948. 

ices such as radios became smaller. The joint 

transistor, in 1949, is the device used nowadays in many electronic applications. Some 

advantages of this against the valves are: less size and fragility, more efficiency, less 

or works in a solid semiconductor state (using silicon), 

In 1958, the first integrated circuit was developed. It made up six transistors in one 

tel 4004. Nowadays the 



 

 

 

fields of the electronics are as huge that it is divided into many sciences, although the 

main division is analogue electronics and digital electronics.

Nowadays the electronics is the main investigation aim to some fields, such as a

computing and cars. The improvements in the aircraft made by avionics are quickly 

extrapolated to commercial cars. But the main car manufacturers usually want to test 

these new devices in racing cars, in competitions like Formula One World 

Championship. This is why the F1 is watched from near, in order to know some of the 

future improvements applicable to commercial cars.

Each formula 1 car has over a

sensors and actuators that monitor and contro

electrical problems in a F1 car, so that reflexes the importance about have an up to 

date electronic system.  

Each parameter of the car, such as speed, engine temperature, suspension 

movements, accelerations, etc, is m

important carry of work of the engineers and the drivers to set up the car is made 

using data acquired by telemetry. A F1 car can send data by two ways: in race 

broadcast or pit download. The first one is t

essential data to know the status of the car while racing. This is broadcasted by small 

antennas placed on the car. The pit download is made once the car is stop in the pit, 

after the race, and it contains all the d

using a computer to a socket in the car.  

The data acquisition system designed for the FSAE car present similar characteristics, 

with telemetry and a multimedia support where store all the information provided b

the sensors, in order to check it all together. Also, this provides enough information to 

modify some parts of the car in order to make it more competitive.
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fields of the electronics are as huge that it is divided into many sciences, although the 

main division is analogue electronics and digital electronics. 

Nowadays the electronics is the main investigation aim to some fields, such as a

computing and cars. The improvements in the aircraft made by avionics are quickly 

extrapolated to commercial cars. But the main car manufacturers usually want to test 

these new devices in racing cars, in competitions like Formula One World 

nship. This is why the F1 is watched from near, in order to know some of the 

future improvements applicable to commercial cars. 

Each formula 1 car has over a kilometre of cable, linked to at least 100 different 

sensors and actuators that monitor and control many parts of the car. There are no 

electrical problems in a F1 car, so that reflexes the importance about have an up to 

Each parameter of the car, such as speed, engine temperature, suspension 

movements, accelerations, etc, is monitored by the team while the car is in race. An 

important carry of work of the engineers and the drivers to set up the car is made 

using data acquired by telemetry. A F1 car can send data by two ways: in race 

broadcast or pit download. The first one is the data sent by the car, only containing 

essential data to know the status of the car while racing. This is broadcasted by small 

antennas placed on the car. The pit download is made once the car is stop in the pit, 

after the race, and it contains all the data recorded in the car, and is downloading 

using a computer to a socket in the car.   

The data acquisition system designed for the FSAE car present similar characteristics, 

with telemetry and a multimedia support where store all the information provided b

the sensors, in order to check it all together. Also, this provides enough information to 

modify some parts of the car in order to make it more competitive. 
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2. AIMS OF PROJECT 

The aim of this project is to design and implement 

a competition car, such as the NEWI FS2008. The parameters to measure are the 

commonly needed in a car, like speed, rpm or engine temperature, and others specific 

of competition cars like chassis deformation or accelera

The main objective of that design is making it as cheap as possible, in order to obtain a 

low cost acquisition system, but, with high accuracy, having special attention to the 

reduction of the noise, main source of errors in analogical 

possible noise sources is shown as well, to let the reader know that electrical noise is 

wherever.  

Explain the main types of sensors that can be used, also is taken in account, just to 

show the difference between several types of sensors measuring the same value, 

comparing both and taking the best solution to have a simply and accurate acquisition 

system.  

Finally, is pretended to show the reader some guidelines to continue the work, or, at 

least, to understand how the system is designed in order to design another particular 

acquisition system. 
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The aim of this project is to design and implement a data acquisition system for use in 

a competition car, such as the NEWI FS2008. The parameters to measure are the 

commonly needed in a car, like speed, rpm or engine temperature, and others specific 

of competition cars like chassis deformation or acceleration in each axis. 

The main objective of that design is making it as cheap as possible, in order to obtain a 

low cost acquisition system, but, with high accuracy, having special attention to the 

reduction of the noise, main source of errors in analogical circuits. 

possible noise sources is shown as well, to let the reader know that electrical noise is 

Explain the main types of sensors that can be used, also is taken in account, just to 

show the difference between several types of sensors measuring the same value, 

comparing both and taking the best solution to have a simply and accurate acquisition 

Finally, is pretended to show the reader some guidelines to continue the work, or, at 

least, to understand how the system is designed in order to design another particular 
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a competition car, such as the NEWI FS2008. The parameters to measure are the 
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tion in each axis.  

The main objective of that design is making it as cheap as possible, in order to obtain a 

low cost acquisition system, but, with high accuracy, having special attention to the 

circuits. The analysis of 

possible noise sources is shown as well, to let the reader know that electrical noise is 

Explain the main types of sensors that can be used, also is taken in account, just to 

show the difference between several types of sensors measuring the same value, 

comparing both and taking the best solution to have a simply and accurate acquisition 

Finally, is pretended to show the reader some guidelines to continue the work, or, at 

least, to understand how the system is designed in order to design another particular 



 

 

 

3. REVIEW OF LITERATURE

3.1.  Temperature Sensors

3.1.1. Thermocouple

A thermocouple is a temperature sensor which work

says that the union between two different metals generate a voltage which depends of 

the temperature. The most used thermocouple is the 

 

But this is not the only one type of thermocouple:

TYPE METALS 

K Ni-Cr/Al-Cr

E Cr/Cu-Ni

J Fe/Cu-Ni

N Ni-Cr-Si/Ni-

B Pt/Rh 

R/S Pt/Rh 

T Cu/Cu-Ni

 

 

                                                          

1 Thomas Johann Seebeck (April 9
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REVIEW OF LITERATURE 

Sensors 

Thermocouple 

A thermocouple is a temperature sensor which works using the Seebeck Effect

says that the union between two different metals generate a voltage which depends of 

the temperature. The most used thermocouple is the thermocouple type K:

Fig 3. 1 Thermocouple type K 

the only one type of thermocouple: 

 TEMPERATURE RANGE SENSIBILITY

Cr -200 ºC to 1200 ºC 41 µV/ºC

Ni 
Low temperatures 

(cryogenics) 
68 µV/ºC

Ni 40 ºC to 750 ºC 52 µV/ºC

-Si -- 

>1800 ºC 10 

<1300 ºC 10 µV/ºC

Ni -200 ºC to 0 ºC 

Table 3.1: Types of Thermocouples 

                   

April 9, 1770 – December 10, 1831) 

Nickel-crome 

Aluminium -crome 
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using the Seebeck Effect
1
 which 

says that the union between two different metals generate a voltage which depends of 

thermocouple type K: 

 

SENSIBILITY 

41 µV/ºC 

68 µV/ºC 

52 µV/ºC 

-- 

10 µV/ºC 

10 µV/ºC 

-- 



 

 

 

Fig 3. 

 

As we cant see in graphic 3.2

thermocouples. Although it doesn’t have the best sensibility, it is one of he three 

higher, and the temperature range is the highest.

Thermocouples, due to the low output voltages, are sensitive to ele

modifying the signal. In our case, we work closer to engine, which can cause electrical 

interferences due to oscillations. One solution is using shielded wire and use low

filters (temperature changes slowly 

oscillations).  
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Fig 3. 2 mV/ºC per different types of thermocouples 

see in graphic 3.2 , the thermocouple type K is the most lineal of all the 

thermocouples. Although it doesn’t have the best sensibility, it is one of he three 

higher, and the temperature range is the highest. 

Thermocouples, due to the low output voltages, are sensitive to electrical noise, 

modifying the signal. In our case, we work closer to engine, which can cause electrical 

interferences due to oscillations. One solution is using shielded wire and use low

filters (temperature changes slowly -low frequencies- slower than the engine 
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thermocouples. Although it doesn’t have the best sensibility, it is one of he three 

ctrical noise, 

modifying the signal. In our case, we work closer to engine, which can cause electrical 

interferences due to oscillations. One solution is using shielded wire and use low-pass 

the engine 



 

 

 

3.1.2. Resistance temperature detectors (RTD)

RTD are resistive temperature sensors. They work using the effect of the temperature 

above the electrons conductivity. The more 

resistance you measure. For instance, it can be measured as:

� � ���
R is the resistance at T ºC, 

R0 is the resistance at 0 ºC,

T is the temperature, 

A, B, C are coefficients depending of the 

Usually, this expression is approximated to first or second order polynomial. RTD 

sensors need a Wheatstone 

resistance of RTD into voltage, easier to measure it.

The most used types of RTD

platinum and they present 100 

lineal in a huge range of temperatures, so their variation can be express as:

T0 is a reference temperature, 

Ro is the resistance at this temperature.

Advantages of platinum resistance thermometers (Pt100, Pt1000):

- High accuracy 

- Low drift 

- Wide operating range

- Suitability for precision applications

Limitations: 

- RTDs are rarely used abo

contaminated by impurities from the metal sheath of the thermometer.

- High cost of platinum. 
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nce temperature detectors (RTD) 

RTD are resistive temperature sensors. They work using the effect of the temperature 

above the electrons conductivity. The more temperature you have, the more 

resistance you measure. For instance, it can be measured as: 

�1 � �� � 	�
 � 100�
 � ���, where 

 

is the resistance at 0 ºC, 

are coefficients depending of the type or RTD. 

Usually, this expression is approximated to first or second order polynomial. RTD 

sensors need a Wheatstone bridge (seccion jkagja) in order to convert the output 

resistance of RTD into voltage, easier to measure it. 

The most used types of RTD are the Pt100 and Pt1000. They both are made of 

platinum and they present 100 Ω or 1000 Ω at 0 ºC respectively. These two types are 

lineal in a huge range of temperatures, so their variation can be express as:

� � ���1 � � �� � ����, where 

is a reference temperature,  

is the resistance at this temperature. 

Advantages of platinum resistance thermometers (Pt100, Pt1000): 

Wide operating range 

Suitability for precision applications 

RTDs are rarely used above 660 ºC. At this temperature the platinum becomes 

contaminated by impurities from the metal sheath of the thermometer.

High cost of platinum.  
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3.1.3. Thermistor: 

There are two types of thermistor: negative temperature coefficient (NTC)

temperature coefficient (PTC). The NTC is a variable resistance whose value go 

decreasing as the temperature increase. This hasn’t lineal relationship with 

temperature, as shown: 

 

Thermocouple type 

K 

RTD Pt 100 

Thermistor NTC No. Exp function

Table 

3.2.  Pressure sensors 

3.2.1. Piezoelectric

A piezoelectric sensor can be used to measure pressure, acceleration, strain or force, 

converting them to an electrical signal. The piezoelectric effect consists in the electrical 

polarization generated by some ma

effect. 

These kinds of sensors are

(accelerometers), For instance:
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There are two types of thermistor: negative temperature coefficient (NTC)

temperature coefficient (PTC). The NTC is a variable resistance whose value go 

decreasing as the temperature increase. This hasn’t lineal relationship with 

Lineality Temperature range

yes -200 ºC/1200 ºC 

Yes <660 ºC 

No. Exp function -273 ºC/1700 ºC 

Table 3.2: Comparison of different temperature sensors 

 

Piezoelectric 

A piezoelectric sensor can be used to measure pressure, acceleration, strain or force, 

converting them to an electrical signal. The piezoelectric effect consists in the electrical 

polarization generated by some material under the effect of a force. This is a reversible 

Fig 3. 3 Piezoelectric sensor 

These kinds of sensors are common used to measure pressure and acceleration 

(accelerometers), For instance: 
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There are two types of thermistor: negative temperature coefficient (NTC) and positive 

temperature coefficient (PTC). The NTC is a variable resistance whose value go 

decreasing as the temperature increase. This hasn’t lineal relationship with 

Temperature range Price 

Cheapest 

Expensive 

Expensive 

A piezoelectric sensor can be used to measure pressure, acceleration, strain or force, 

converting them to an electrical signal. The piezoelectric effect consists in the electrical 

terial under the effect of a force. This is a reversible 

 

common used to measure pressure and acceleration 



 

 

 

Fig 3. 4 Piezoelectric sensors measuring pressure and acceleration

The materials used to make the piezoelectric parts can be divided in two groups: 

ceramic piezoelectric and single crystal materials. The ceramic materials have a 

piezoelectric constant (sensitivity) that is roughly two orders of magnitude higher than 

those of single crystal materials and can be produced by inexpensive sintering 

processes. Unfortunately, their high sensitivity is always combined with a lack of long 

term stability. Therefore, piezoelectric ceramics are very often used wherever the 

requirements for measuring precision are not too high. The less sensitive single crystal 

materials (quartz, tourmaline…) have much higher long term stability. 

3.2.2. Capacitive pressure sensors

The capacitive pressure sensors use 

diaphragm is exposed to our process pressure on one side and the reference pressure 

on the other. Changes in pressure cause it to deflect and change the capacitance.

If the process pressure is higher than the reference pressure, the plates will be closer, 

increasing the capacitance. On the other hand, if the reference pressure is the highest, 

the plates will separate. 
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Piezoelectric sensors measuring pressure and acceleration 

The materials used to make the piezoelectric parts can be divided in two groups: 

ceramic piezoelectric and single crystal materials. The ceramic materials have a 

piezoelectric constant (sensitivity) that is roughly two orders of magnitude higher than 

of single crystal materials and can be produced by inexpensive sintering 

processes. Unfortunately, their high sensitivity is always combined with a lack of long 

term stability. Therefore, piezoelectric ceramics are very often used wherever the 

s for measuring precision are not too high. The less sensitive single crystal 

materials (quartz, tourmaline…) have much higher long term stability.  

Capacitive pressure sensors 

The capacitive pressure sensors use a thin diaphragm as one plate of a capacitor. This 

diaphragm is exposed to our process pressure on one side and the reference pressure 

on the other. Changes in pressure cause it to deflect and change the capacitance.

 

Fig 3. 5 Capacitive pressure sensor 

If the process pressure is higher than the reference pressure, the plates will be closer, 

increasing the capacitance. On the other hand, if the reference pressure is the highest, 
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a thin diaphragm as one plate of a capacitor. This 

diaphragm is exposed to our process pressure on one side and the reference pressure 

on the other. Changes in pressure cause it to deflect and change the capacitance. 

If the process pressure is higher than the reference pressure, the plates will be closer, 

increasing the capacitance. On the other hand, if the reference pressure is the highest, 



 

 

 

3.2.3.  Strain Gauges

A strain gauge is a device used to measure deformation of an object. The most 

common type of strain gauge consists of an 

a metallic foil pattern. The gauge is attached to the object by a suitable adhesive. As 

the object is deformed, the foil is deformed, causing its 

This resistance change, usually measured using a 

strain by the quantity known as the gauge factor.

RG is the resistance of the undeformed gauge,

 ΔR is the change in resistance caused by strain,

 ε is strain 

This device can be used to measure in real time any deformation of the structure of 

the car, in order to test it and to provide security duri

gauges along the car to monitor the integrity of each point.

A typical strain gauge sensor is represented in figure 
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Strain Gauges 

A strain gauge is a device used to measure deformation of an object. The most 

common type of strain gauge consists of an insulating flexible backing which supports 

a metallic foil pattern. The gauge is attached to the object by a suitable adhesive. As 

the object is deformed, the foil is deformed, causing its electrical resistance

This resistance change, usually measured using a Wheatstone bridge, is related to the 

strain by the quantity known as the gauge factor. 

GF � ∆R R�⁄
�  

RG is the resistance of the undeformed gauge, 

ΔR is the change in resistance caused by strain, 

This device can be used to measure in real time any deformation of the structure of 

the car, in order to test it and to provide security during the race. We can place strain 

gauges along the car to monitor the integrity of each point. 

A typical strain gauge sensor is represented in figure 3.6: 

Fig 3. 6 Strain gage 
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A strain gauge is a device used to measure deformation of an object. The most 

ng which supports 

a metallic foil pattern. The gauge is attached to the object by a suitable adhesive. As 

electrical resistance to change. 

, is related to the 

This device can be used to measure in real time any deformation of the structure of 

ng the race. We can place strain 

 



 

 

 

A strain gauge will only measure horizontal stresses as shown:

3.3.  Level sensors 

3.3.1. Capacitor  

A capacitor is the easiest way to obtain a level sensor to use in a 

relationship between the surface of the plates and the capacitance is the more surface 

of the plates, higher capacitance. Also it depends of the dielectric:

C is the capacitance, 

ε0 is the dielectric constant of the void

εr is the dielectric constant of the material between the plates

S is the surface of the plates,

d is the distance between the plates.
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will only measure horizontal stresses as shown: 

Fig 3. 7 Resistance vs stress 

A capacitor is the easiest way to obtain a level sensor to use in a 

relationship between the surface of the plates and the capacitance is the more surface 

of the plates, higher capacitance. Also it depends of the dielectric: 

 � ���� �� 

is the dielectric constant of the void 

the dielectric constant of the material between the plates 

S is the surface of the plates, 

d is the distance between the plates. 
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A capacitor is the easiest way to obtain a level sensor to use in a liquid. The 

relationship between the surface of the plates and the capacitance is the more surface 



 

 

 

The basic works of capacitor as a level sensor consists i

changes depending of the dielectric. For example, if we have water between the 

plates, we will have different capacitance than if we have air. Also we can predict the 

level observing the capacitance change (linear relationship

and the lower one. This type of sensor is not very exact, because the air can be 

“different” depending on the humidity, salinity, etc, that can change the dielectric 

constant of the air. 

3.3.2. Float sensors

A float sensor used to measure liquid level is as simply as a float connected to a 

potentiometer in order to measure the path of the float. Depending on the level of 

liquid, the output resistance will vary.

This type of sensor is very susceptible to the possible movements of the tank. One 

solution is make redundant floats in the tank and taking the mean value. Also, the 

number of mechanical parts makes that is has to be checked and maintain. They are 

more expensive than the capacitor sensors. 
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Fig 3. 8 Capacitor working as level sensor 

The basic works of capacitor as a level sensor consists in observe how the capacitance 

changes depending of the dielectric. For example, if we have water between the 

plates, we will have different capacitance than if we have air. Also we can predict the 

level observing the capacitance change (linear relationship) having the highest value 

and the lower one. This type of sensor is not very exact, because the air can be 

“different” depending on the humidity, salinity, etc, that can change the dielectric 

Float sensors 

A float sensor used to measure liquid level is as simply as a float connected to a 

potentiometer in order to measure the path of the float. Depending on the level of 

liquid, the output resistance will vary. 

 

Fig 3.9 Float sensor 

This type of sensor is very susceptible to the possible movements of the tank. One 

solution is make redundant floats in the tank and taking the mean value. Also, the 

number of mechanical parts makes that is has to be checked and maintain. They are 

ensive than the capacitor sensors.  

Ω↗ 
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changes depending of the dielectric. For example, if we have water between the 

plates, we will have different capacitance than if we have air. Also we can predict the 

) having the highest value 

and the lower one. This type of sensor is not very exact, because the air can be 

“different” depending on the humidity, salinity, etc, that can change the dielectric 

A float sensor used to measure liquid level is as simply as a float connected to a 

potentiometer in order to measure the path of the float. Depending on the level of 

This type of sensor is very susceptible to the possible movements of the tank. One 

solution is make redundant floats in the tank and taking the mean value. Also, the 

number of mechanical parts makes that is has to be checked and maintain. They are 



 

 

 

3.3.3. Piezoelectric sensor as a level sensor

Piezoelectric sensors, usually used to measure pressure, can be used to measure the 

level of any fluid, such as the fuel level 

 

 

 

 

 

 

Now it’s only needed do simple calculations, knowing the fuel density, 

Fig 3. 

The surface of the sensor is S=L·A. The volume of the column of fuel over the sensor is 

V=L·A·H. We can determine the weight of the fuel column using the density: 

Now, to get the force applying to the pressure sensor:

�
Where g is 9.81 m/s

2
.  In order to obtain the pressure it’s necessary to divide it by the 

surface of the sensor, which is S=L·A. Finally, the pressure will be: 
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ectric sensor as a level sensor 

Piezoelectric sensors, usually used to measure pressure, can be used to measure the 

level of any fluid, such as the fuel level in the tank, as shown in next figure (REF)

Now it’s only needed do simple calculations, knowing the fuel density, δ

 

Fig 3. 11 Pressure sensor under a column of fuel 

The surface of the sensor is S=L·A. The volume of the column of fuel over the sensor is 

V=L·A·H. We can determine the weight of the fuel column using the density: 

! � " # $ � % # � # & # $ 

to get the force applying to the pressure sensor: 

� ! # ' � ! # ( � % # � # & # $ # ( 

.  In order to obtain the pressure it’s necessary to divide it by the 

surface of the sensor, which is S=L·A. Finally, the pressure will be:  

 � �
� �

% # � # & # $ # (
% # � � & # $ # ( 

Pressure sensor 

Fuel tank 

Fig 3.10 Pressure sensor as level sensor 
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Piezoelectric sensors, usually used to measure pressure, can be used to measure the 

in the tank, as shown in next figure (REF) 

δ= 803 Kg/m
3
: 

The surface of the sensor is S=L·A. The volume of the column of fuel over the sensor is 

V=L·A·H. We can determine the weight of the fuel column using the density:  

.  In order to obtain the pressure it’s necessary to divide it by the 



 

 

 

Knowing H, can be determined a chart with the relationship between the pressure and 

the fluid level. As an example, if the deposit has 1 m of height:

The following equation shows

the % of the tank level: 

This sensor used to measure level has some complications: the pressure made by the 

air into the tank (when it is not full) has not been taken in account

solution could be making a calibration when tested, in order to have the correct 

values, making the chart experimentally. Just changing the density, it can work to any 

liquid. 
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Knowing H, can be determined a chart with the relationship between the pressure and 

the fluid level. As an example, if the deposit has 1 m of height: 

Fig 3. 12 Pressure vs level 

The following equation shows the relationship between the pressure measured and 

%)*)+ �%� �    
$ # ( # 100 

This sensor used to measure level has some complications: the pressure made by the 

air into the tank (when it is not full) has not been taken in account

solution could be making a calibration when tested, in order to have the correct 

values, making the chart experimentally. Just changing the density, it can work to any 
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Knowing H, can be determined a chart with the relationship between the pressure and 

 

the relationship between the pressure measured and 

This sensor used to measure level has some complications: the pressure made by the 

air into the tank (when it is not full) has not been taken in account. One possible 

solution could be making a calibration when tested, in order to have the correct 

values, making the chart experimentally. Just changing the density, it can work to any 



 

 

 

3.4. Velocity sensors 

3.4.1. Hall Effect S

Hall Effect sensors can be used to measure either velocity or revolutions per minute. 

They consist in a magnet attached to the wheel or the engine, and a fix part as shown 

below: 

 

The way of operation is simple: each time the magnet passes in front of the Hall Effect 

sensor, a pulse is sent by the output of that. 
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ensors 

Hall Effect sensors can be used to measure either velocity or revolutions per minute. 

They consist in a magnet attached to the wheel or the engine, and a fix part as shown 

Fig 3. 13 Hall effect sensor 

The way of operation is simple: each time the magnet passes in front of the Hall Effect 

sensor, a pulse is sent by the output of that.  

Fig 3. 14 Hall Effect sensor over time 
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Hall Effect sensors can be used to measure either velocity or revolutions per minute. 

They consist in a magnet attached to the wheel or the engine, and a fix part as shown 

 

The way of operation is simple: each time the magnet passes in front of the Hall Effect 

 



 

 

 

When the engine is in operation,

the quantity of pulses sent, is easy to calculate the current rpm or velocity. In example:

Pulses/second= 20 

In case of being and rpm sensor, if we have 20 pulses each second we can calculate the 

rpm as simply as multiply it by 60:

-)(./)
In order to calculate the velocity, in case of have it attached in a wheel, we only need 

to know the radius of that:

In example, for a 15 cm radius wheel and 20 pulses/second:

  

�0))� �
 

 

3.4.2. Accelerometer

An accelerometer can be used also to know the velocity of an o

current acceleration of the car, it’s easy to measure the speed and/or the current 

position of the car. This system is commonly used by navigation satellite systems in 

order to prevent it of a possible low signal zone (i.e. a tunnel). 

Simplifying the calculations, if the acceleration

accelerometer) velocity can be calculated 
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When the engine is in operation, the Hall Effect sensor will send pulses. Depending on 

the quantity of pulses sent, is easy to calculate the current rpm or velocity. In example:

In case of being and rpm sensor, if we have 20 pulses each second we can calculate the 

s simply as multiply it by 60: 

� 20 02+3)33)456� #
60 3)456�3
1 /.628) � 1200 -0/ 

In order to calculate the velocity, in case of have it attached in a wheel, we only need 

to know the radius of that: 

�0))� �  2+3)3
3)456� # 29- # 3.6 

In example, for a 15 cm radius wheel and 20 pulses/second: 

20 02+3)3
3)456� # 29 # 0.15 # 3.6 � 67.85 ?//A 

Accelerometer 

An accelerometer can be used also to know the velocity of an object. Knowing the 

current acceleration of the car, it’s easy to measure the speed and/or the current 

position of the car. This system is commonly used by navigation satellite systems in 

order to prevent it of a possible low signal zone (i.e. a tunnel).  

implifying the calculations, if the acceleration is known (provided by the 

can be calculated as: 

"B � C ' �8 � "�
DE
DF
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the Hall Effect sensor will send pulses. Depending on 

the quantity of pulses sent, is easy to calculate the current rpm or velocity. In example: 

In case of being and rpm sensor, if we have 20 pulses each second we can calculate the 

In order to calculate the velocity, in case of have it attached in a wheel, we only need 

 

bject. Knowing the 

current acceleration of the car, it’s easy to measure the speed and/or the current 

position of the car. This system is commonly used by navigation satellite systems in 

(provided by the 



 

 

 

Note that is needed to know 

higher precision, the time 

beginning, when the car starts, V

Calculate the position is quite similar: 

This system also has errors. In case of having a small error in the measure of the 

acceleration, this error will be increasing 

along time.  This system can work fine while using another method to complement it. 

 

 

 

 

 

 

3.5. Wheatstone Bridge

A Wheatstone bridge is a device use to convert the output of a resistive sensor into 

voltage, easier to measure. Originally was created to measure unknown resistance.

Accelerometer 
a 

Fig 3. 15 Block diagram for calculate velocity and position with accelerometer
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to know V0 , that is the previous velocity. In order to have the 

higher precision, the time between t0 and t1 should be as small as possible. At the 

beginning, when the car starts, V0 is 0, and is the first assumption needed to do. 

Calculate the position is quite similar:  

GB � C " �8 � G�
DE
DF

 

This system also has errors. In case of having a small error in the measure of the 

acceleration, this error will be increasing in time, due to the redundant integrations 

along time.  This system can work fine while using another method to complement it. 

Wheatstone Bridge  

bridge is a device use to convert the output of a resistive sensor into 

voltage, easier to measure. Originally was created to measure unknown resistance.

 

Fig 3. 16 Wheatstone Bridge 

C�8 C�8 
  

V 

V0 X0 

Block diagram for calculate velocity and position with accelerometer
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that is the previous velocity. In order to have the 

should be as small as possible. At the 

is 0, and is the first assumption needed to do. 

This system also has errors. In case of having a small error in the measure of the 

time, due to the redundant integrations 

along time.  This system can work fine while using another method to complement it.  

bridge is a device use to convert the output of a resistive sensor into 

voltage, easier to measure. Originally was created to measure unknown resistance. 

X 

Block diagram for calculate velocity and position with accelerometer 



 

 

 

Rx is our unknown resistance (such as a RTD). 

initial step, R1 equal than R3 and R2 equals to Rx:

In this case, the current trough Vg is 0. If our Rx changes, the Vg will change too, in that 

way: 

Changes in Vg (easier to measure) will reflect changes in Rx.

 

3.6. Instrumentation amplifier

An instrumentation amplifier is a type of 

specifically designed to have characteristics suitable for use in measurement and 

equipment. The main characteristi

- Very low DC offset 

- Low drift 

- Low noise 

- Very high open-loop gain
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is our unknown resistance (such as a RTD). R1, R2, R3 are known resistances. If in the 

initial step, R1 equal than R3 and R2 equals to Rx: 

�H � �2 �3
�1  

In this case, the current trough Vg is 0. If our Rx changes, the Vg will change too, in that 

"( � I �H
�3 � �H � 

�2
�1 � �2J"3 

g (easier to measure) will reflect changes in Rx. 

Instrumentation amplifier 

An instrumentation amplifier is a type of differential amplifier 

specifically designed to have characteristics suitable for use in measurement and 

. The main characteristics are: 

 

loop gain 

 

Fig 3. 17 Instrumentation amplifier 
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R1, R2, R3 are known resistances. If in the 

In this case, the current trough Vg is 0. If our Rx changes, the Vg will change too, in that 

 that has been 

specifically designed to have characteristics suitable for use in measurement and test 



 

 

 

The gain of the circuit is: 

These amplifiers can be made with operational 

bought as an integrated circuit.

3.7. ADC 

An analogical-to-digital converter (ADC) is an electronic integrated circuit, which 

converts continuous signals (voltage, current) to digital numbers. The advantages of a 

digital signal in front of analogical signal are:

- Capable to detect and correct errors

- Easy to process and manipulate

- Multiregeneration 

- Strongly signal against noise

The inconvenient are: 

- High bandwidth necessary

- Necessary digital conversion and analogical conversion 

- The signal must be adequate to work with ADC

The bits number in a ADC shows the resolution of this. In example, a 8 bits ADC means 

that it can do 2
8
=256 different levels (measures). If we want to measure temperature 

from -15 º C to 60 ºC with a 0,1 ºC of resolution:

60 � 15
0,1

 

3.8. EMC: Electromagnetic compatibility

Like most electronics system, a data acquisition system can be harmed by unwished 

signals broadcasted by it, or components surrounding it.  EMC refers to the ability of 
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"528
"2 � "1 � I1 � 2�1

�('.6J
�3
�2 

These amplifiers can be made with operational amplifiers and resistors, or can be 

bought as an integrated circuit. 

digital converter (ADC) is an electronic integrated circuit, which 

converts continuous signals (voltage, current) to digital numbers. The advantages of a 

al in front of analogical signal are: 

Capable to detect and correct errors 

Easy to process and manipulate 

 

Strongly signal against noise 

High bandwidth necessary 

Necessary digital conversion and analogical conversion to show the data

The signal must be adequate to work with ADC 

The bits number in a ADC shows the resolution of this. In example, a 8 bits ADC means 

=256 different levels (measures). If we want to measure temperature 

ith a 0,1 ºC of resolution: 

� 750 452683, +5(
750 � 9,55 M 10 N.83 

EMC: Electromagnetic compatibility  

Like most electronics system, a data acquisition system can be harmed by unwished 

signals broadcasted by it, or components surrounding it.  EMC refers to the ability of 
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amplifiers and resistors, or can be 

digital converter (ADC) is an electronic integrated circuit, which 

converts continuous signals (voltage, current) to digital numbers. The advantages of a 

to show the data 

The bits number in a ADC shows the resolution of this. In example, a 8 bits ADC means 

=256 different levels (measures). If we want to measure temperature 

 

Like most electronics system, a data acquisition system can be harmed by unwished 

signals broadcasted by it, or components surrounding it.  EMC refers to the ability of 



 

 

 

any electrical device to work satisfactorily in its electromagnetic environment without

adversely either influencing the surrounding devices or being influenced by them. 

3.8.1. Irradiative C

Irradiative coupling occur when noise source and sink 

wavelength, so if we work at high frequencies the irradiative coupling is easier (the 

higher the frequency, the smallest wavelength).  The solution to this coupling is to 

shield the devices and the wires (and connect the shield

At high frequencies we have more probabilities to broadcast parasite signals, due to 

the small antenna needed. For any signal, we can have a antenna having some metall

part measuring around λ

become an antenna, broadcasting noise.
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any electrical device to work satisfactorily in its electromagnetic environment without

adversely either influencing the surrounding devices or being influenced by them. 

Coupling  

Fig 3. 18 Irradiative coupling 

Irradiative coupling occur when noise source and sink are separated by more than a 

wavelength, so if we work at high frequencies the irradiative coupling is easier (the 

higher the frequency, the smallest wavelength).  The solution to this coupling is to 

shield the devices and the wires (and connect the shields to the ground):

Fig 3. 19 Solution for irradiative coupling 

At high frequencies we have more probabilities to broadcast parasite signals, due to 

the small antenna needed. For any signal, we can have a antenna having some metall

λ/2, so with high frequencies any small metallic part can 

become an antenna, broadcasting noise. 
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any electrical device to work satisfactorily in its electromagnetic environment without 

adversely either influencing the surrounding devices or being influenced by them.  

 

are separated by more than a 

wavelength, so if we work at high frequencies the irradiative coupling is easier (the 

higher the frequency, the smallest wavelength).  The solution to this coupling is to 

s to the ground): 

 

At high frequencies we have more probabilities to broadcast parasite signals, due to 

the small antenna needed. For any signal, we can have a antenna having some metallic 

/2, so with high frequencies any small metallic part can 



 

 

 

3.8.2. Conductive C

Conductive coupling occurs when the coupling path between the source and the s

formed by direct contact. Example:

We can prevent this noise by adding filters, i.e. at low frequencies low pass filters, and 

also capacitors and diodes to prevent transients.

3.8.3. Inductive Coupling

Inductive coupling occurs when source and sink are separate by a short distance and 

when magnetic field changes. Usually occurs between two parallel conductors, 

example: 

The circuit of device 1 generates a magnetic field as shown. Due to the proximity of 

both circuits, this magnetic field generates a current in the device 2 circuit which is 

opposite to the current on this circuit. The solution is to use twisted

the global magnetic field is null. 
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Coupling 

Conductive coupling occurs when the coupling path between the source and the s

formed by direct contact. Example: 

Fig 3. 20 Conductive Coupling 

We can prevent this noise by adding filters, i.e. at low frequencies low pass filters, and 

also capacitors and diodes to prevent transients. 

oupling 

Inductive coupling occurs when source and sink are separate by a short distance and 

when magnetic field changes. Usually occurs between two parallel conductors, 

Fig 3. 21 Inductive coupling 

The circuit of device 1 generates a magnetic field as shown. Due to the proximity of 

both circuits, this magnetic field generates a current in the device 2 circuit which is 

opposite to the current on this circuit. The solution is to use twisted pair wires, where 

the global magnetic field is null.  
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Conductive coupling occurs when the coupling path between the source and the sink is 

 

We can prevent this noise by adding filters, i.e. at low frequencies low pass filters, and 

Inductive coupling occurs when source and sink are separate by a short distance and 

when magnetic field changes. Usually occurs between two parallel conductors, 

 

The circuit of device 1 generates a magnetic field as shown. Due to the proximity of 

both circuits, this magnetic field generates a current in the device 2 circuit which is 

pair wires, where 



 

 

 

3.8.4. Capacitive C

Capacitive coupling occurs when exist a variation

wires (working on differential mode):

The solution is to use shielded wires in order to prevent the parasite capacitor:
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Fig 3. 22 Solution for inductive coupling 

 

Capacitive Coupling  

urs when exist a variation in the electrical field and two parallel 

wires (working on differential mode): 

Fig 3. 23 Capacitive coupling 

The solution is to use shielded wires in order to prevent the parasite capacitor:

Fig 3. 24 Solution for capacitive coupling 
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in the electrical field and two parallel 

 

The solution is to use shielded wires in order to prevent the parasite capacitor: 

 



 

 

 

 

3.9. Data acquisition: saving information

MultiMedia Card can be used when more storage than PIC has got is needed. In SPI 

interface only requires four data lines (according to microchipc.com, in SPI mode only 

can be stored up to 256 Mbytes). Using it with a PIC16F876, it’s necessary to buffer 

512 bytes and write them all in one go. Example:

Fig 3. 

This can be also built with PIC18F2480 in SPI mode.
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Data acquisition: saving information  

can be used when more storage than PIC has got is needed. In SPI 

interface only requires four data lines (according to microchipc.com, in SPI mode only 

can be stored up to 256 Mbytes). Using it with a PIC16F876, it’s necessary to buffer 

e them all in one go. Example: 

Fig 3. 25 Scheme fot connections to store data in MMC 

This can be also built with PIC18F2480 in SPI mode. 
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can be used when more storage than PIC has got is needed. In SPI 

interface only requires four data lines (according to microchipc.com, in SPI mode only 

can be stored up to 256 Mbytes). Using it with a PIC16F876, it’s necessary to buffer 

 



 

 

 

4. RESULTS AND DISCUSSION:

According to all the information exposed in section 3 

measurements, the parameters needed to measure are:

• Refrigerant temperature

• Oil temperature 

• Chassis deformation

• Revolutions per minute

• Velocity 

• Accelerations 

 

4.1. Refrigerant and oil temperature

To measure the engine temperature usually is measured the refrigerant temperature, 

because is the best reference value of the engine temperature. The oil temperature is 

also an important factor to know in order to detec

properties.   A thermocouple type K will be used for those purposes, due to the high 

values of temperature, feasibility to implement and low cost. The relationship between 

the temperature and the output voltage is gi

�
Whit n usually between 5 and 9, and a

But for small ranges we can see that for thermocouple type K the function is lineal:
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RESULTS AND DISCUSSION: 

information exposed in section 3 and, in order to do the 

measurements, the parameters needed to measure are: 

Refrigerant temperature 

Chassis deformation 

Revolutions per minute 

Refrigerant and oil temperature 

To measure the engine temperature usually is measured the refrigerant temperature, 

because is the best reference value of the engine temperature. The oil temperature is 

also an important factor to know in order to detect whether the oil is loosing any of its 

properties.   A thermocouple type K will be used for those purposes, due to the high 

values of temperature, feasibility to implement and low cost. The relationship between 

the temperature and the output voltage is given by an equation like: 

� � '� � 'B" � '
"
 �O� 'P"P 

Whit n usually between 5 and 9, and a0....an depending on the type of thermocouple. 

But for small ranges we can see that for thermocouple type K the function is lineal:

 

Fig 4. 1 Output for thermocouples 
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and, in order to do the 

To measure the engine temperature usually is measured the refrigerant temperature, 

because is the best reference value of the engine temperature. The oil temperature is 

t whether the oil is loosing any of its 

properties.   A thermocouple type K will be used for those purposes, due to the high 

values of temperature, feasibility to implement and low cost. The relationship between 

depending on the type of thermocouple. 

But for small ranges we can see that for thermocouple type K the function is lineal: 

 



 

 

 

Can be determinate: 

With the condition that T=0 

"QRD � /�
And finally: 

The measurements are suppose to be within the range of T

Knowing that in the analogical to digital converter we need voltages within 0 V and 5 V, 

the gain of the amplifier can be measured:

"STP

"SUV

65.6 /"

A gain of 76.22 is needed, with an offset of 

4.2. Chassis deformation

In order to measure the possible deformation of the chassis during the race caused by 

a possible impact a strain gauges will be used, placing them in t
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"QRD � /� � 6 

With the condition that T=0 � Vout=0: 

0 � / # 0 � 6      �       6 � 0 

/�;   / � WXYZ
[   �  / � �.B SW

B�� º] � 0.41 /"/º 

"QRD�/"� � 0.41��º� 
The measurements are suppose to be within the range of Tmax=200ºC and T

Knowing that in the analogical to digital converter we need voltages within 0 V and 5 V, 

the gain of the amplifier can be measured: 

�"STP � "Q__`aD�b � 0 

�"SUV � "Q__`aD�b � 5 

STP � 0.41�STP � 0.41 # 40 � 16.4 /" 

SUV � 0.41�SUV � 0.41 # 200 � 82 /" 

�16.4 /" � "Q__`aD�b � 0 

�82 /" � "Q__`aD�b � 5 

/" # b � 5" � b � c W
dc.d#B�ef W � 76.22 

"Q__`aD � �16.4 #  10gh" 

76.22 is needed, with an offset of -16.4 · 10
-3

 V.  

Chassis deformation 

In order to measure the possible deformation of the chassis during the race caused by 

a possible impact a strain gauges will be used, placing them in the most sensible parts 
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=200ºC and Tmin=40ºC. 

Knowing that in the analogical to digital converter we need voltages within 0 V and 5 V, 

In order to measure the possible deformation of the chassis during the race caused by 

he most sensible parts 



 

 

 

of the chassis. As it was shown in section (SECCION), 

the gauge factor: 

Where GF is gauge factor, 

change of resistance and ε 

In order to measure the change of the resistor a Wheatstone bridge to convert that 

resistance into a voltage, due to the measure it with the ADC:

"

The strain gauge used for measure the chassis deformation will be N11MA512023 (RS 

components), a strain gauge with a gauge factor of 2.1 and R

gauges has a lineal output, so

measure, in order to know the gain and the bits needed. ε

V 

 David Najar Hernandez

Design of a Data Acquisition System for a FSAE car

- 25 - 

as shown in section (SECCION), strain gauges are characterized by 

b� � ∆� �j⁄
�  

Where GF is gauge factor, R� is the resistance of the gauge undeformed, 

 is the strain to measure: 

� � ∆� �j⁄
b�  

In order to measure the change of the resistor a Wheatstone bridge to convert that 

resistance into a voltage, due to the measure it with the ADC: 

Fig 4. 2 Connection for strain gage 

"kl � " m �h�
 � �h �
�nURna�B � �nURnao 

The strain gauge used for measure the chassis deformation will be N11MA512023 (RS 

components), a strain gauge with a gauge factor of 2.1 and Rgauge 

gauges has a lineal output, so it’s only needed to specify the εmin

measure, in order to know the gain and the bits needed. εmin=0, and the ε

A B 
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strain gauges are characterized by 

is the resistance of the gauge undeformed, ∆R is the 

In order to measure the change of the resistor a Wheatstone bridge to convert that 

 

The strain gauge used for measure the chassis deformation will be N11MA512023 (RS 

is 120 Ω. Strain 

min an the εmax to 

=0, and the εmax can be 



 

 

 

calculated using the elastic limit of the aluminium 6061 alloy, the one used to build the 

chassis. The young modulus fo

Where σ is the force per unit of area, E is the young modulus for the aluminium and ε 

is the stress.  To calculate the maximum stress, the force per unit of area needs to be 

the maximum, the yield stres

�SUV �
 

Although R1, R2, and R3 of the Wheatstone bridge could be whatever value, in order to 

have an output of 0 V when the chassis is uncompressed both will take value of 120 

"lk � " m �nU�B � �
The maximum value of Rgauge

�nURna SUV � �nURna
 

Now, the stress maximum needs to be calculated. It will be calculated using the elastic 

limit of the aluminium 6061 alloy, the one used to build the chassis. The young 

modulus for this alloy is 75 GPa. Using the Hooke law:

Where σ is the force per unit of area, E is the young modulus for the aluminium and ε 

is the stress.  To calculate the maximum stress, the force per unit of area needs to be 
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calculated using the elastic limit of the aluminium 6061 alloy, the one used to build the 

chassis. The young modulus for this alloy is 75 GPa. Using the Hooke law:

p � q # � 

Where σ is the force per unit of area, E is the young modulus for the aluminium and ε 

is the stress.  To calculate the maximum stress, the force per unit of area needs to be 

the maximum, the yield stress (100 MPa). 

� pSUVq � 100 ! '
75000 ! ' � 1.46 # 10gh / 

of the Wheatstone bridge could be whatever value, in order to 

have an output of 0 V when the chassis is uncompressed both will take value of 120 

nURna �RPr��nURna �RPr� �
�h�
 � �ho � " I120240 �

120
240J �

gauge will be: 

�nURna SUV � �nURna � ∆� 

∆� � b� # �b #�SUV 

nURna �  b� # �nURna #�SUV� �nURna�b� # �SUV

Now, the stress maximum needs to be calculated. It will be calculated using the elastic 

limit of the aluminium 6061 alloy, the one used to build the chassis. The young 

modulus for this alloy is 75 GPa. Using the Hooke law: 

p � q # � 

er unit of area, E is the young modulus for the aluminium and ε 

is the stress.  To calculate the maximum stress, the force per unit of area needs to be 
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calculated using the elastic limit of the aluminium 6061 alloy, the one used to build the 

r this alloy is 75 GPa. Using the Hooke law: 

Where σ is the force per unit of area, E is the young modulus for the aluminium and ε 

is the stress.  To calculate the maximum stress, the force per unit of area needs to be 

of the Wheatstone bridge could be whatever value, in order to 

have an output of 0 V when the chassis is uncompressed both will take value of 120 Ω: 

J � 0 " 

SUV � 1� 

Now, the stress maximum needs to be calculated. It will be calculated using the elastic 

limit of the aluminium 6061 alloy, the one used to build the chassis. The young 

er unit of area, E is the young modulus for the aluminium and ε 

is the stress.  To calculate the maximum stress, the force per unit of area needs to be 



 

 

 

the maximum, the yield stress (100 MPa), which is the value that defines a 0.2 % of 

deformation, where the elastic zone ends.

�SUV

Taking this value: 

�nURna SUV � �nURna
�nURna SUV

"lk � " m �nURna SUV�B � �nURna
The minimum value, 0, and the maximum value, 3.83 mV, need to be amplified to be 

within the range of ADC. As the minimum value is 0, offset is not needed, and the gain 

can be set as: 

But usually, the amplifiers can not amplify more than a gain 1000. Amplifying with 

G=1000 the corresponding value to reach the elastic limit will be 3.83 V. The ADC can 

be configured with a reference values from 0 to 3.

4.3. Revolutions per minute and velocity

In order to measure the engine RPM and the velocity, a Hall Effect sensor will be used. 

In case of the velocity, Hall Effect sensor will 

be the mean value of the four tyres speed. This is to prevent mistakes in the velocity 

cause of each tyre can spin at different speed, for example, in a turn, where the 

external tyre spin faster than the internal 

revolutions per minute, the hall effect sensor need to be allocated at the output of the 

engine.  
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the maximum, the yield stress (100 MPa), which is the value that defines a 0.2 % of 

he elastic zone ends. 

� pSUVq � 100 ! '
75000 ! ' � 1.46 # 10gh 

nURna �  b� # �nURna #�SUV� �nURna�b� # �SUV

SUV � 120�2.1 # 1.46 # 10gh � 1� � 120.368 Ω
SUV

nURna SUV �
�h�
 � �ho � " I120.368240.368 �

120
240J �

The minimum value, 0, and the maximum value, 3.83 mV, need to be amplified to be 

within the range of ADC. As the minimum value is 0, offset is not needed, and the gain 

3.83 /" # b � 5 t b � 1305. 
But usually, the amplifiers can not amplify more than a gain 1000. Amplifying with 

G=1000 the corresponding value to reach the elastic limit will be 3.83 V. The ADC can 

be configured with a reference values from 0 to 3.83 V, to have the whole 10 bits. 

Revolutions per minute and velocity 

In order to measure the engine RPM and the velocity, a Hall Effect sensor will be used. 

In case of the velocity, Hall Effect sensor will be used in each tyre and the velocity will 

be the mean value of the four tyres speed. This is to prevent mistakes in the velocity 

cause of each tyre can spin at different speed, for example, in a turn, where the 

external tyre spin faster than the internal one. To measure the correct engine 

revolutions per minute, the hall effect sensor need to be allocated at the output of the 
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the maximum, the yield stress (100 MPa), which is the value that defines a 0.2 % of 

SUV � 1� 
Ω 

J � 3.83 /" 

The minimum value, 0, and the maximum value, 3.83 mV, need to be amplified to be 

within the range of ADC. As the minimum value is 0, offset is not needed, and the gain 

But usually, the amplifiers can not amplify more than a gain 1000. Amplifying with 

G=1000 the corresponding value to reach the elastic limit will be 3.83 V. The ADC can 

83 V, to have the whole 10 bits.  

In order to measure the engine RPM and the velocity, a Hall Effect sensor will be used. 

be used in each tyre and the velocity will 

be the mean value of the four tyres speed. This is to prevent mistakes in the velocity 

cause of each tyre can spin at different speed, for example, in a turn, where the 

one. To measure the correct engine 

revolutions per minute, the hall effect sensor need to be allocated at the output of the 



 

 

 

The Hall Effect sensor proposed is RS 309

of the tyre. The operating frequency limit is 100 KHz, which this is 6·10

minute, in case of measure the engine RPM, where the limit RPM goes around of 

14000-15000 rpm. In this case a limit of 235 Hz will be enough. In 

example, using tyres with a diameter of 14” (35.56 cm), and supposing a maximum 

speed of 180 Km/h, the maximum frequency used will be:

82-63

"/'H � 180
[R�P`
`ar
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Fig 4. 3 Hall effect sensor 

The Hall Effect sensor proposed is RS 309-492, which has an output of 0.4 V every turn 

of the tyre. The operating frequency limit is 100 KHz, which this is 6·10
6

minute, in case of measure the engine RPM, where the limit RPM goes around of 

15000 rpm. In this case a limit of 235 Hz will be enough. In case of the speed, as 

example, using tyres with a diameter of 14” (35.56 cm), and supposing a maximum 

speed of 180 Km/h, the maximum frequency used will be: 

 

Fig 4. 4 Example of hall effect sensor 

29� � +56( 

82-63/3)456� u +56(�/� � "�/3 � 

180 vS
w � 50S

`�   
Wxyz
{QPn � DR�P`

`arQP|�   
DR�P`
` � c�


.
h
[R�P` � 22.4 �}SUV � 22.4 &~ � 23 &~ 
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of 0.4 V every turn 

6
 revolutions per 

minute, in case of measure the engine RPM, where the limit RPM goes around of 

case of the speed, as 

example, using tyres with a diameter of 14” (35.56 cm), and supposing a maximum 

c�

h 



 

 

 

In order to count the pulses coming out of the sensor the output has to be at least 2

to be recognized by the microcontroller. To work with the microcontroller is essential 

to apply a gain to the output of 0.4 V to have, at least, 2 V. In order to prevent against 

some mistakes, the gain applied will amplify the output to 4 V.

4.4. Acceleration 

The acceleration in each axis of the car can be measured with accelerometers. 
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In order to count the pulses coming out of the sensor the output has to be at least 2

to be recognized by the microcontroller. To work with the microcontroller is essential 

to apply a gain to the output of 0.4 V to have, at least, 2 V. In order to prevent against 

some mistakes, the gain applied will amplify the output to 4 V. 

"QRD�RD � "�R{`a # b 

"QRD�RD"�R{`a � b 

b � 4
0.4 � 10 

The acceleration in each axis of the car can be measured with accelerometers. 

Fig 4. 5 XY axis in a car 
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In order to count the pulses coming out of the sensor the output has to be at least 2 V 

to be recognized by the microcontroller. To work with the microcontroller is essential 

to apply a gain to the output of 0.4 V to have, at least, 2 V. In order to prevent against 

The acceleration in each axis of the car can be measured with accelerometers.  

 



 

 

 

The device selected to measure accelerations is the MMA6231Q, which can measure in 

two axis accelerations from 

1.63 V, with a sensibility of 120 mV/g. 

"SUV � "
"STP � "gB�

The signal needs to be converted, from 0.43 V to 2.83 V to 0 V and 5 V.
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Fig 4. 6 XYZ axis in a car 

The device selected to measure accelerations is the MMA6231Q, which can measure in 

two axis accelerations from -10g to 10g. At zero g, this accelerometer has an output of 

1.63 V, with a sensibility of 120 mV/g.   

"B�n � 120 /" # 10 ( � 1.63 " � 2.83 " 

B�n � 120 /" # ��10� ( � 1.63 " � 0.43 "
The signal needs to be converted, from 0.43 V to 2.83 V to 0 V and 5 V. 

�"STP � "Q__`aD�b � 0 

�"SUV � "Q__`aD�b � 5 

�0.43 � "Q__`aD�b � 0 

�2.83 � "Q__`aD�b � 5 

b � 2.08 

"Q__`aD � �0.43 " 
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The device selected to measure accelerations is the MMA6231Q, which can measure in 

10g to 10g. At zero g, this accelerometer has an output of 

" 

 



 

 

 

Figure 4.7 shows the schematic diagram for the accelerometer MMA6231Q. Note that, 

although it has sixteen pins, only five pins are needed. Pins 3 and 4 are the supply 

voltage and ground, respectively. Pins 14 and 15 are the outputs in each axis (X output 

and Y output), and pin 12 is the self test pin. This has to be connected to some digital 

output of the microcontroller, in order to when received logic state ‘1’, the 

accelerometer initiates self testing to check if all the internal mechanical parts are 

working properly. 

4.5. Filters 

All signals must be filtered after coming out of the sensor and before enter to the 

amplifier to reduce the noise and make a good signal. The noise can come for lots of 

parts, but usually has higher frequency than we need.

could be use low pass filters, which allows passing only low frequencies under the 

threshold of cut frequency, above that the signal will not pass the filter. 

A simply low pass filter can be built with a resistor and a capac

shown: 
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Fig 4. 7  MMA6231Q connection diagram 

shows the schematic diagram for the accelerometer MMA6231Q. Note that, 

although it has sixteen pins, only five pins are needed. Pins 3 and 4 are the supply 

voltage and ground, respectively. Pins 14 and 15 are the outputs in each axis (X output 

t), and pin 12 is the self test pin. This has to be connected to some digital 

output of the microcontroller, in order to when received logic state ‘1’, the 

accelerometer initiates self testing to check if all the internal mechanical parts are 

All signals must be filtered after coming out of the sensor and before enter to the 

amplifier to reduce the noise and make a good signal. The noise can come for lots of 

parts, but usually has higher frequency than we need. One of the possible solutions 

could be use low pass filters, which allows passing only low frequencies under the 

threshold of cut frequency, above that the signal will not pass the filter. 

A simply low pass filter can be built with a resistor and a capacitor, connected as 
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shows the schematic diagram for the accelerometer MMA6231Q. Note that, 

although it has sixteen pins, only five pins are needed. Pins 3 and 4 are the supply 

voltage and ground, respectively. Pins 14 and 15 are the outputs in each axis (X output 

t), and pin 12 is the self test pin. This has to be connected to some digital 

output of the microcontroller, in order to when received logic state ‘1’, the 

accelerometer initiates self testing to check if all the internal mechanical parts are 

All signals must be filtered after coming out of the sensor and before enter to the 

amplifier to reduce the noise and make a good signal. The noise can come for lots of 

One of the possible solutions 

could be use low pass filters, which allows passing only low frequencies under the 

threshold of cut frequency, above that the signal will not pass the filter.  

itor, connected as 



 

 

 

The cut frequency depends of the values of R and C, 

As an example, with a resistance of 1000

159.1.  

The values R of the resistor and C of the capacitor needed to have specific values of 

attenuation for each sensor can be calculated. For thermocouples the cut frequency 

must be as low as possible,

changes slow, so a frequency of 1 Hz will be reasonable. To make a RC filter with a cut 

frequency of 1 Hz: 
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Fig 4. 8 RC Low pass filter 

The cut frequency depends of the values of R and C,  

}r � 1
29� 

As an example, with a resistance of 1000Ω and a capacitor of 1µF, the cut frequency is 

Fig 4. 9  Attenuation diagram for RC filter 

The values R of the resistor and C of the capacitor needed to have specific values of 

attenuation for each sensor can be calculated. For thermocouples the cut frequency 

must be as low as possible, due to the low output voltage of the sensor. Temperature 

changes slow, so a frequency of 1 Hz will be reasonable. To make a RC filter with a cut 

}r � 1
29� 

� � 1
29}r 

David Najar Hernandez 

Design of a Data Acquisition System for a FSAE car 

Ω and a capacitor of 1µF, the cut frequency is 

 

The values R of the resistor and C of the capacitor needed to have specific values of 

attenuation for each sensor can be calculated. For thermocouples the cut frequency 

due to the low output voltage of the sensor. Temperature 

changes slow, so a frequency of 1 Hz will be reasonable. To make a RC filter with a cut 



 

 

 

The capacitor will take a value of 1 µF. The resistor will be:

� � 29
 

 

In order to make a RC low pass filter to use with the accelerometers, and according to 

the information exposed in the datasheet, the cut frequency has to be at least 1.6 KHz. 

The capacitor will be fixed as 0.1 µF

� � 1
29}r � 2

The Hall Effect sensor has a maximum operating frequency of 6 MHz. But for the 

design of a RPM sensor, the maximum revolutions per minute are 14000 RPM. 

Considering 20000 RPM, the cut frequency is: 

20000
In order to make a filter with 333 Hz, with a capacitor of 1 µF, 

� � 1
29}r

But for the measurement of velocity with this sensor, the frequency needs to be 

different. Considering wheels of 13” diameter and maximum speed of 200 Km/h (in 

order to have enough range), the frequency can be calculated:

200

The cut frequency will be a little more, 60 H

 David Najar Hernandez

Design of a Data Acquisition System for a FSAE car

- 33 - 

The capacitor will take a value of 1 µF. The resistor will be: 

1
9}r �

1
29 # 1&~ # 1 # 10gd� � 160 ?Ω 

In order to make a RC low pass filter to use with the accelerometers, and according to 

the information exposed in the datasheet, the cut frequency has to be at least 1.6 KHz. 

The capacitor will be fixed as 0.1 µF. 

1
29 # 1.6 # 10h&~ # 0.1 # 10gd� � 994.71 � 1

The Hall Effect sensor has a maximum operating frequency of 6 MHz. But for the 

design of a RPM sensor, the maximum revolutions per minute are 14000 RPM. 

Considering 20000 RPM, the cut frequency is:  

0000 -)*
/.628) #

1/.628)
603 � 333 &~ 

In order to make a filter with 333 Hz, with a capacitor of 1 µF,  

 �
1

29 # 333 &~ # 1 # 10gd � 477 Ω � 500Ω

But for the measurement of velocity with this sensor, the frequency needs to be 

nsidering wheels of 13” diameter and maximum speed of 200 Km/h (in 

order to have enough range), the frequency can be calculated: 

 " � 9� # } 

200?/A � 55.56/3 � 9 �13" # 2.54� # } 

} � 55.56
9�13" # 0.0254� � 53.56 &~ 

The cut frequency will be a little more, 60 Hz. The capacitor will be fixed at 1µF. 
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In order to make a RC low pass filter to use with the accelerometers, and according to 

the information exposed in the datasheet, the cut frequency has to be at least 1.6 KHz. 

1?Ω 

The Hall Effect sensor has a maximum operating frequency of 6 MHz. But for the 

design of a RPM sensor, the maximum revolutions per minute are 14000 RPM. 

Ω 

But for the measurement of velocity with this sensor, the frequency needs to be 

nsidering wheels of 13” diameter and maximum speed of 200 Km/h (in 

z. The capacitor will be fixed at 1µF.  



 

 

 

� � 1
29}r10

For the strain gauges, knowing that crash can occur in a little lapse of time, the cut 

frequency has to be high. At least, 440 Hz are needed. (0.002 s is time to pass 1cm

travelling at 160 Km/h.) In this case, and fixing capacitor as 1µF:

� �

 

4.6. Amplifying the signal

To amplify the signal, an instrumentation amplifier will be used instead of operational 

amplifiers, due to the advantages of the first ones. The instrumentation amplifier used 

is AD623, a low cost instrumentation amplifier with gain values from G=1 to G=1000. 

The gain selection is made using a resistor, and under the next equation:

Figure 4.10 shows the schematic of the AD623 instrumentation amplifier. Note that 

the gain selection resistor needs to be connected in pins 1 and 8. Pins 4 and 7 are 

ground and supply voltage respectively. The output of the sensor has to be connected 

in pins 3 and 2 (in single mode, pin 2 will be grounded). Pin 5 (REF) is the input for the 

Voffset, that can be obtained by a single DAC (digital to analogical converter) or either by 

the microcontroller.  
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10gd �
1

29 # 53.56 # 10gd � 2971.53Ω � 3?Ω

For the strain gauges, knowing that crash can occur in a little lapse of time, the cut 

frequency has to be high. At least, 440 Hz are needed. (0.002 s is time to pass 1cm

travelling at 160 Km/h.) In this case, and fixing capacitor as 1µF: 

� 1
29}r10gd �

1
29 # 440 # 10gd � 360 

Amplifying the signal 

To amplify the signal, an instrumentation amplifier will be used instead of operational 

amplifiers, due to the advantages of the first ones. The instrumentation amplifier used 

is AD623, a low cost instrumentation amplifier with gain values from G=1 to G=1000. 

The gain selection is made using a resistor, and under the next equation:

�n � 100?Ω
b � 1  

 

Fig 4. 10 Schematic of the AD623 

shows the schematic of the AD623 instrumentation amplifier. Note that 

the gain selection resistor needs to be connected in pins 1 and 8. Pins 4 and 7 are 

e respectively. The output of the sensor has to be connected 

in pins 3 and 2 (in single mode, pin 2 will be grounded). Pin 5 (REF) is the input for the 

, that can be obtained by a single DAC (digital to analogical converter) or either by 
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Ω 

For the strain gauges, knowing that crash can occur in a little lapse of time, the cut 

frequency has to be high. At least, 440 Hz are needed. (0.002 s is time to pass 1cm 

To amplify the signal, an instrumentation amplifier will be used instead of operational 

amplifiers, due to the advantages of the first ones. The instrumentation amplifier used 

is AD623, a low cost instrumentation amplifier with gain values from G=1 to G=1000. 

The gain selection is made using a resistor, and under the next equation: 

shows the schematic of the AD623 instrumentation amplifier. Note that 

the gain selection resistor needs to be connected in pins 1 and 8. Pins 4 and 7 are 

e respectively. The output of the sensor has to be connected 

in pins 3 and 2 (in single mode, pin 2 will be grounded). Pin 5 (REF) is the input for the 

, that can be obtained by a single DAC (digital to analogical converter) or either by 



 

 

 

As was seen in section 4.1,

and the offset is "Q__`aD �
AD 623 can be calculated: 

The resistor needed is 1329.43 

The Hall Effect sensor needs to be amplified to have an output over 2 volts.  The 

output of that sensor is 0.4 V, and at least 2 V are needed. To have 4 V at the output, 

the gain needed is G=10. 

The resistor needed is 11111.111 

For the accelerometers the gain calculated was G=2.08. The resistor needed is:

In the market there are not resistors with a resistance of 92593.59 

is 100K. 

To amplify the value coming out of the strain gauges with a gain of 1000, the resistor 

needed is: 
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4.1, the gain needed for the temperature sensors is G=76.22 

� �16.4 #  10gh". The resistor needed to amplify it with the 

 

�n � 100?Ω
b � 1  

�n � 100?Ω
76.22 � 1 � 1329.43 

e resistor needed is 1329.43 Ω. The closest commercial resistor is 1330Ω, or 1K33. 

The Hall Effect sensor needs to be amplified to have an output over 2 volts.  The 

output of that sensor is 0.4 V, and at least 2 V are needed. To have 4 V at the output, 

�n � 100?Ω
b � 1  

�n � 100?Ω
10 � 1 � 11111.111 Ω 

The resistor needed is 11111.111 Ω. The closest commercial value is 11000 Ω, or 11K.

For the accelerometers the gain calculated was G=2.08. The resistor needed is:

�n � 100?Ω
b � 1  

�n � 100?Ω
2.08 � 1 � 92592.59 Ω 

In the market there are not resistors with a resistance of 92593.59 Ω. The closest value 

To amplify the value coming out of the strain gauges with a gain of 1000, the resistor 

�n � 100?Ω
1000 � 1 � 100.10 Ω, 
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the gain needed for the temperature sensors is G=76.22 

. The resistor needed to amplify it with the 

Ω. The closest commercial resistor is 1330Ω, or 1K33.  

The Hall Effect sensor needs to be amplified to have an output over 2 volts.  The 

output of that sensor is 0.4 V, and at least 2 V are needed. To have 4 V at the output, 

Ω. The closest commercial value is 11000 Ω, or 11K. 

For the accelerometers the gain calculated was G=2.08. The resistor needed is: 

Ω. The closest value 

To amplify the value coming out of the strain gauges with a gain of 1000, the resistor 



 

 

 

But the closest resistor is 100 

 

4.7. ADC converter: 

The ADC converter will be the one integrated into Microchip PIC18F2480. This 

microcontroller has up to 8 analogical to digital converters of 10 bits each. Use this 

ADC instead of an ADC separately has some advantages, such as with a microcontroller 

is possible to manipulate the data,  show it by, as an example, a LCD or send it by SPI 

bus or CAN bus. The only important parameter to take in account is that the input of 

the ADC should be between 0V and 5 V.  

Once known the number of bits (10 bits) it’s easy 

measure, using the formula: 

Where n is the number of bits. 

For the temperature sensors, the resolution will be:

�)35+28.56
 

Note that the resolution is 0.15625. This means that we can detect every step of 

0.15625 ºC, which is enough resolution. In order to measure the engine temperature, a 

resolution of 1ºC will be acceptable.
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closest resistor is 100 Ω.  

The ADC converter will be the one integrated into Microchip PIC18F2480. This 

microcontroller has up to 8 analogical to digital converters of 10 bits each. Use this 

ADC instead of an ADC separately has some advantages, such as with a microcontroller 

ible to manipulate the data,  show it by, as an example, a LCD or send it by SPI 

bus or CAN bus. The only important parameter to take in account is that the input of 

the ADC should be between 0V and 5 V.   

Once known the number of bits (10 bits) it’s easy to measure the resolution in each 

measure, using the formula:  

�SUV � �STP�)35+28.56 � 2P,  
Where n is the number of bits.  

For the temperature sensors, the resolution will be: 

�SUV � �STP�)35+28.56 � 2B�  

�)35+28.56 �  200 � 40
2B� � 0.15625 º 

Note that the resolution is 0.15625. This means that we can detect every step of 

0.15625 ºC, which is enough resolution. In order to measure the engine temperature, a 

resolution of 1ºC will be acceptable. 

�SUV � �STP�)35+28.56 � 2B�  
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The ADC converter will be the one integrated into Microchip PIC18F2480. This 

microcontroller has up to 8 analogical to digital converters of 10 bits each. Use this 

ADC instead of an ADC separately has some advantages, such as with a microcontroller 

ible to manipulate the data,  show it by, as an example, a LCD or send it by SPI 

bus or CAN bus. The only important parameter to take in account is that the input of 

to measure the resolution in each 

Note that the resolution is 0.15625. This means that we can detect every step of 

0.15625 ºC, which is enough resolution. In order to measure the engine temperature, a 



 

 

 

�)35+28.56
 

The resolution for accelerometers is 0.0195g in each axis, which is approximately 

0.1916 m/s
2
. 

4.8. Design 

To sum up, here is shown the main parameters to built each sensor

 

Fig
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�)35+28.56 �  10( � 10(
2B� � 0.0195( 

The resolution for accelerometers is 0.0195g in each axis, which is approximately 

To sum up, here is shown the main parameters to built each sensor 

Fig 4. 11 Block diagram for temperature sensor 

Fig 4. 12 Block diagram for RPM sensor 
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The resolution for accelerometers is 0.0195g in each axis, which is approximately 

 

 



 

 

 

Note that in the case of the Hall Effect sensor the last part of the diagram shows 

microcontroller instead of 

signal of this sensor and the physical value is dependent of the frequency, not the 

voltage. The calculations will be performed with the internal timers of the 

microcontroller, which can count either pulses or time.

In order to make the printed

schematics for built each sensor are shown below.
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Fig 4. 13 Block diagram for Velocity sensor 

Fig 4. 14 Block diagram for accelerometers 

Fig 4. 15 Block diagram for strain gage 

Note that in the case of the Hall Effect sensor the last part of the diagram shows 

instead of ADC. This is because the relationship between

signal of this sensor and the physical value is dependent of the frequency, not the 

voltage. The calculations will be performed with the internal timers of the 

microcontroller, which can count either pulses or time. 

In order to make the printed circuit boards, and to have future references, the basic 

schematics for built each sensor are shown below.  
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Note that in the case of the Hall Effect sensor the last part of the diagram shows 

. This is because the relationship between the output 

signal of this sensor and the physical value is dependent of the frequency, not the 

voltage. The calculations will be performed with the internal timers of the 

circuit boards, and to have future references, the basic 
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Fig 4. 16 Schematic for temperature sensor 

Fig 4. 18 Schematic for Hall effect sensor 

Fig 4. 17 Schematic for accelerometers 
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With that information, the printed circuit boards can be designed as well. But this will 

be made with connectors for each port (PortB and PortC) in order to make possible 

future implementations and connect outputs (such as 
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Fig 4. 19  Schematic diagram for strain gage 

With that information, the printed circuit boards can be designed as well. But this will 

connectors for each port (PortB and PortC) in order to make possible 

future implementations and connect outputs (such as led’s and LCDs). 

Fig 4. 20 PCB layout for Hall effect sensor 
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With that information, the printed circuit boards can be designed as well. But this will 

connectors for each port (PortB and PortC) in order to make possible 
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Fig 4. 21 3D view of PCB Hall effect sensor 

Fig 4.22 PCB layout for Strain Gage 
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Fig 4.23 3D view for Strain Gage PCB 

Fig 4.24 PCB layout for Thermocouples 
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Fig 4. 25 3D PCB for thermocouples 

Fig 4. 26 PCB Layout for accelerometers 
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Fig 4. 27 3D PCB of accelerometers 
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5. TEST AND ANALISIS  

Using Proteus VSM simulator, the different programs (shown in appendix 

tested. For all the sensors, except for the 

activate the ADC and convert data into digital in order to show it by a LCD or send 

CAN Bus. But for the RPM counter and the speed the code consists in the count of the 

revolutions received by the sensor and obtain the RPM (with a time reference). Next, a 

diagram code to understand the program is shown:

 

The simulation consists in the acquisition module with the adding of some leds

number of those turned on depending on the revolutions measured. Proteus VSM has 

not got models for simulate the sensors, in this case the hall effect sensor will be 

simulate with a pulse generator (remember that the hall effect sensor send a pulse 

each time the sensor detects one spin). This generator allows change its frequency to 

simulate different RPM.  The circuit made to perform the simulations is a little bit 

different that the schematic made for reference. 
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Using Proteus VSM simulator, the different programs (shown in appendix 

tested. For all the sensors, except for the Hall Effect, the program just consist in 

activate the ADC and convert data into digital in order to show it by a LCD or send 

CAN Bus. But for the RPM counter and the speed the code consists in the count of the 

revolutions received by the sensor and obtain the RPM (with a time reference). Next, a 

diagram code to understand the program is shown: 

Fig 5. 1  Diagram code for RPM program 

The simulation consists in the acquisition module with the adding of some leds

number of those turned on depending on the revolutions measured. Proteus VSM has 

not got models for simulate the sensors, in this case the hall effect sensor will be 

simulate with a pulse generator (remember that the hall effect sensor send a pulse 

ach time the sensor detects one spin). This generator allows change its frequency to 

simulate different RPM.  The circuit made to perform the simulations is a little bit 

different that the schematic made for reference.  
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Using Proteus VSM simulator, the different programs (shown in appendix A) has been 

, the program just consist in 

activate the ADC and convert data into digital in order to show it by a LCD or send it via 

CAN Bus. But for the RPM counter and the speed the code consists in the count of the 

revolutions received by the sensor and obtain the RPM (with a time reference). Next, a 

 

The simulation consists in the acquisition module with the adding of some leds, the 

number of those turned on depending on the revolutions measured. Proteus VSM has 

not got models for simulate the sensors, in this case the hall effect sensor will be 

simulate with a pulse generator (remember that the hall effect sensor send a pulse 

ach time the sensor detects one spin). This generator allows change its frequency to 

simulate different RPM.  The circuit made to perform the simulations is a little bit 



 

 

 

For this simulation, a crystal of 20

external oscillator can be achieved low sampling times. The sampling time can be 

calculated with the next formula:

Where n are the bits on the counter and the prescaler i

to complete to turn on the flag. In this case, made with the Timer1 of the PIC18F2480, 

the counter is set to 16 bits and the prescaler to 8. F

8 �

The sampling time is 0.1048576 se

the revolutions made each 0.1048576 seconds and will make the calculations needed. 

The revolutions are counted by the Timer0, setting to 8 bits and without prescaler. The 

calculations the microcontroller

T0 is the actual count of the Timer0 (revolutions per cycle). T0 is divided by the 

sampling time (seconds) and multiply by 60 (sec/min). Once the calculation is made, T0 

needs to be setting up as 0, to start to cou

The following shows the scheme used to test the program. 
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For this simulation, a crystal of 20 MHz has been used. This is because with that 

external oscillator can be achieved low sampling times. The sampling time can be 

calculated with the next formula: 

8 � 1
�Q`r/4 # 0-)34'+)- # �2P� 

Where n are the bits on the counter and the prescaler is the cycles the counter needs 

to complete to turn on the flag. In this case, made with the Timer1 of the PIC18F2480, 

the counter is set to 16 bits and the prescaler to 8. Fosc is 20 MHz.  

1
20!&~/4 # 8 # �2Bd� � 0.1048576 3 

The sampling time is 0.1048576 seconds. This mean that the microcontroller will count 

the revolutions made each 0.1048576 seconds and will make the calculations needed. 

The revolutions are counted by the Timer0, setting to 8 bits and without prescaler. The 

calculations the microcontroller needs to do are: 

-0/ � �0 # 60/0.1048576 

T0 is the actual count of the Timer0 (revolutions per cycle). T0 is divided by the 

sampling time (seconds) and multiply by 60 (sec/min). Once the calculation is made, T0 

needs to be setting up as 0, to start to count again.  

The following shows the scheme used to test the program.  

Fig 5. 2 LED array for RPM indicator 
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MHz has been used. This is because with that 

external oscillator can be achieved low sampling times. The sampling time can be 

s the cycles the counter needs 

to complete to turn on the flag. In this case, made with the Timer1 of the PIC18F2480, 

conds. This mean that the microcontroller will count 

the revolutions made each 0.1048576 seconds and will make the calculations needed. 

The revolutions are counted by the Timer0, setting to 8 bits and without prescaler. The 

T0 is the actual count of the Timer0 (revolutions per cycle). T0 is divided by the 

sampling time (seconds) and multiply by 60 (sec/min). Once the calculation is made, T0 

 



 

 

 

 

In this case, the simulation is made using 16 leds, which

the revolutions measured. The different colours are just to have qualitatively the 

status of the engine, blue is neutral state, green is optimum RPM, yellow means 

warning (high RPM) and red is the limit of revolutions per minute

840 RPM. The program is simulated for four different states: 1200 RPM (20 Hz), 3800 

RPM (63.33 Hz), 8000RPM (133.33 Hz) and 13000 RPM (216.66 Hz)
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Fig 5. 3 Schematic for RPM simulator 

In this case, the simulation is made using 16 leds, which are turned on depending on 

the revolutions measured. The different colours are just to have qualitatively the 

status of the engine, blue is neutral state, green is optimum RPM, yellow means 

warning (high RPM) and red is the limit of revolutions per minute. Each led represents 

840 RPM. The program is simulated for four different states: 1200 RPM (20 Hz), 3800 

RPM (63.33 Hz), 8000RPM (133.33 Hz) and 13000 RPM (216.66 Hz) 
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the revolutions measured. The different colours are just to have qualitatively the 
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840 RPM. The program is simulated for four different states: 1200 RPM (20 Hz), 3800 
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Fig 5. 4 Simulation results for 1200 RPM 

Fig 5. 5  Simulation results for 3800 RPM 
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Fig 5. 6  Simulation results for 8000 RPM 

Fig 5. 7  Simulation results for 13000 RPM 
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As it is seen above, the code implemented for this 

with this RPM indicator is not easy know the exact rpm of the engine, it is a qualitative 

way to show it, and let the driver with a simple look know the regime of the engine.
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As it is seen above, the code implemented for this objective works correctly. Although 

with this RPM indicator is not easy know the exact rpm of the engine, it is a qualitative 

way to show it, and let the driver with a simple look know the regime of the engine.
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objective works correctly. Although 

with this RPM indicator is not easy know the exact rpm of the engine, it is a qualitative 

way to show it, and let the driver with a simple look know the regime of the engine. 



 

 

 

 

6. CONCLUSIONS 

A data acquisition system

environment and work with it. This can be designed to work in the test phases of a 

project or maybe to work during the life of this project. The difference remains in how 

it will work. Systems made to test

particular case within the final manufacturing process. However, data acquisition 

systems made to work with the final product need to be properly designed to work in 

those specific conditions. Because of th

to be bigger than the design phase of some general system. The system designed in 

this project hardly will adapt to a different environment, because the range of 

measurements are specific of that particular c

the importance of these, and many other factors. 

The aim of the system also is one parameter which can differentiate it. Some data 

acquisition implementations are only designed to inform the final user, others are 

made to log all the information and analyze it afterwards, or perhaps are designed as a 

part of a control system. But almost all electronic application has got a data acquisition 

system – sometimes huge, sometimes tiny

Collect data from environment is used i

unknown. From the traffic lights illumination controller to a complex machine such an 

aircraft, the data collection is important to achieve the final objective. The correct 

acquisition of the data can determine if s

explaining that, a bad acquisition system can became the final product in something 

that will not work properly due to the bad data collected.

Using a data acquisition system in a car provides enough information to

driver and the team, make the car safer, design control systems, and many other 

applications. Also allow to analyze the data afterwards to compare with previous data, 

to know if the investigations are in the correct way.
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system is a device made to collect information about the 

environment and work with it. This can be designed to work in the test phases of a 

project or maybe to work during the life of this project. The difference remains in how 

it will work. Systems made to test equipment are designed once, and applied to each 

particular case within the final manufacturing process. However, data acquisition 

systems made to work with the final product need to be properly designed to work in 

those specific conditions. Because of that, the design phase of a specific system needs 

to be bigger than the design phase of some general system. The system designed in 

this project hardly will adapt to a different environment, because the range of 

measurements are specific of that particular case, even the parameters to measure, 

the importance of these, and many other factors.  

The aim of the system also is one parameter which can differentiate it. Some data 

acquisition implementations are only designed to inform the final user, others are 

to log all the information and analyze it afterwards, or perhaps are designed as a 

part of a control system. But almost all electronic application has got a data acquisition 

sometimes huge, sometimes tiny-. 

Collect data from environment is used in several devices, most of them probably 

unknown. From the traffic lights illumination controller to a complex machine such an 

aircraft, the data collection is important to achieve the final objective. The correct 

acquisition of the data can determine if some device will be able to work properly, 

explaining that, a bad acquisition system can became the final product in something 

that will not work properly due to the bad data collected. 

Using a data acquisition system in a car provides enough information to

driver and the team, make the car safer, design control systems, and many other 

applications. Also allow to analyze the data afterwards to compare with previous data, 

to know if the investigations are in the correct way. 
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driver and the team, make the car safer, design control systems, and many other 

applications. Also allow to analyze the data afterwards to compare with previous data, 



 

 

 

 

The data acquisition system designed in this project pretends to be a simple solution to 

provide enough data in real time to provide information to the team in general and to 

the driver in particular. This solution, using low cost components, provides enough 

quality to be at least as good as data acquisition systems bought as a whole, offered by 

manufacturers as National Instruments. 

Although the simulations made provided good results, note that the sensors are been 

simulated using signal generators, such as pulse generator of 

generators to simulate many other sensors. If the system or the different modules of 

the system is made physically, probably the signal coming out of the sensor will not be 

as good as the one obtained by a signal generator. The output

noise sources, as engine, temperature, undesired radiations, interference with other 

systems of the car, etc. Even that using the mechanisms explained in electromagnetic 

compatibility and using filters, the signal will not always b

Also, the components used to make RC filters or to set up the gain values to the 

amplifiers have a small tolerance, which can affect the final value and not reach the 

final value. Theoretically, the amplifiers used works in the si

operation, amplifiers can saturate when reaching high voltages, usually closer to the 

alimentation voltage. These are a few sources of errors, which in the real operation 

can be fixed by experimental calibration, making software o

Also could be that the system works when tested, but when the car is in movement 

closer to another cars with electronics systems, or to radiation sources (such as mobile 

antennas) the system can collapse, due to the interferences ma

That reflex the importance about using twisted pairs, and when possible, shielded 

wires. 

To sum up, and having considered all the exposed above, even that having enough 

accuracy in the simulations made, the data acquisition system ne

calibrated and tested again, so many calibration

with microcontrollers make this step easy
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ystem designed in this project pretends to be a simple solution to 

provide enough data in real time to provide information to the team in general and to 

the driver in particular. This solution, using low cost components, provides enough 

ast as good as data acquisition systems bought as a whole, offered by 

manufacturers as National Instruments.  

Although the simulations made provided good results, note that the sensors are been 

simulated using signal generators, such as pulse generator of the RPM sensor, or DC 

generators to simulate many other sensors. If the system or the different modules of 

the system is made physically, probably the signal coming out of the sensor will not be 

as good as the one obtained by a signal generator. The output can be affected by many 

noise sources, as engine, temperature, undesired radiations, interference with other 

systems of the car, etc. Even that using the mechanisms explained in electromagnetic 

compatibility and using filters, the signal will not always be as good as needs to be. 

Also, the components used to make RC filters or to set up the gain values to the 

amplifiers have a small tolerance, which can affect the final value and not reach the 

final value. Theoretically, the amplifiers used works in the simulation, but in the real 

operation, amplifiers can saturate when reaching high voltages, usually closer to the 

alimentation voltage. These are a few sources of errors, which in the real operation 

can be fixed by experimental calibration, making software or hardware corrections. 

Also could be that the system works when tested, but when the car is in movement 

closer to another cars with electronics systems, or to radiation sources (such as mobile 

antennas) the system can collapse, due to the interferences made by the environment. 

That reflex the importance about using twisted pairs, and when possible, shielded 

To sum up, and having considered all the exposed above, even that having enough 

accuracy in the simulations made, the data acquisition system needs to 

calibrated and tested again, so many calibrations as accuracy is wanted. But mak

with microcontrollers make this step easy, due to the feasibility of programming it. 
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APPENDIX A 

Programming code 

/*RPM COUNTER NEWI FS. 

THIS CAN BE USED EITHER FOR RMP COUNTER OR VELOCITY

DAVID NAJAR 

*/ 

#define LED1 0b00000001

#define LED2 0b00000011

#define LED3 0b00000111

#define LED4 0b00001111

#define LED5 0b00011111

#define LED6 0b00111111

#define LED7 0b01111111

#define LED8 0b11111111    //values of PORTB & PORTC

#include <stdio.h> 

#include <p18f248.h> 

#include <timers.h> 

#include <adc.h> 

#include <delays.h> 

#pragma config OSC=HS //>4 MHz

#pragma config WDT = OFF   /* Turns the watchdog timer off */

#pragma config LVP = OFF   /* Turns low voltage programming off */

#pragma config DEBUG = OFF /* Compiles without extra debug code */

void on_leds (long rpm){ //function to switch on the leds depen

the rpm 

if(rpm<880) 

 { 

  PORTB=LED1;

  PORTC=0; 

 } 

 if(rpm>880) 
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/*RPM COUNTER NEWI FS.  

THIS CAN BE USED EITHER FOR RMP COUNTER OR VELOCITY 

#define LED1 0b00000001 

#define LED2 0b00000011 

#define LED3 0b00000111 

#define LED4 0b00001111 

#define LED5 0b00011111 

#define LED6 0b00111111 

#define LED7 0b01111111 

#define LED8 0b11111111    //values of PORTB & PORTC 

#pragma config OSC=HS //>4 MHz 

agma config WDT = OFF   /* Turns the watchdog timer off */

#pragma config LVP = OFF   /* Turns low voltage programming off */

#pragma config DEBUG = OFF /* Compiles without extra debug code */

void on_leds (long rpm){ //function to switch on the leds depen

PORTB=LED1; 
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agma config WDT = OFF   /* Turns the watchdog timer off */ 

#pragma config LVP = OFF   /* Turns low voltage programming off */ 

#pragma config DEBUG = OFF /* Compiles without extra debug code */ 

void on_leds (long rpm){ //function to switch on the leds depending on 



 

 

 

 { 

  PORTB=LED2;

  PORTC=0; 

 } 

 if(rpm>1760) 

 { 

  PORTB=LED3;

  PORTC=0; 

 } 

 if(rpm>2640) 

 { 

  PORTB=LED4;

  PORTC=0; 

 } 

 if(rpm>3520) 

 { 

  PORTB=LED5;

  PORTC=0; 

 } 

 if(rpm>4400) 

 { 

  PORTB=LED6;

  PORTC=0; 

 } 

 if(rpm>5280) 

 { 

  PORTB=LED7;

  PORTC=0; 

 } 

 if(rpm>6160) 

 

 { 
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PORTB=LED2; 

PORTB=LED3; 

PORTB=LED4; 

PORTB=LED5; 

PORTB=LED6; 

PORTB=LED7; 
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  PORTB=LED8;

  PORTC=0; 

 } 

 if(rpm>7040) 

 { 

  PORTB=LED8;

  PORTC=LED2;

 } 

 if(rpm>7920) 

 { 

  PORTB=LED8;

  PORTC=LED3;

 } 

 if(rpm>8800) 

 { 

  PORTB=LED8;

  PORTC=LED4;

 } 

 if(rpm>9680) 

 { 

  PORTB=LED8;

  PORTC=LED5;

 } 

 if(rpm>10650) 

 { 

  PORTB=LED8;

  PORTC=LED6;

 } 

 if(rpm>11440) 

 { 

  PORTB=LED8;

  PORTC=LED7;
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PORTB=LED8; 

PORTB=LED8; 

PORTC=LED2; 

PORTB=LED8; 

PORTC=LED3; 

PORTB=LED8; 

PORTC=LED4; 

PORTB=LED8; 

PORTC=LED5; 

PORTB=LED8; 

PORTC=LED6; 

PORTB=LED8; 

PORTC=LED7; 
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} 

 if(rpm>12330) 

 { 

  PORTB=LED8;

  PORTC=LED8;

 } 

} 

void main() 

{ 

 int i=0; 

 unsigned int rpm, 

 T0CON= 0b11101000; //configuring TIMER0 for pulse count

 T1CON= 0b00111001; //configuring TIMER1 for time count

 TRISB= 0b00000000;

 TRISC= 0b00000000; //setting all ports in b and all ports in c 

as outputs 

 //Test for the leds

 PORTB=LED8; 

 PORTC=LED8; 

 Delay10KTCYx(0); //delay to watch if the leds are working 

properly 

 PORTB=0; 

 PORTC=0;  // Turn off the leds

 while(1){ 

  if (PIR1bits.TMR1IF==1)

 { 

  rps=ReadTimer0();

  rpm=rps*60/0.1048576; //sampling time

  PIR1bits.TMR1IF=0;

  TMR0L=0; 

  on_leds (rpm);

 } 

} 
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PORTB=LED8; 

PORTC=LED8; 

unsigned int rpm, rps; 

T0CON= 0b11101000; //configuring TIMER0 for pulse count

T1CON= 0b00111001; //configuring TIMER1 for time count

TRISB= 0b00000000; 

TRISC= 0b00000000; //setting all ports in b and all ports in c 

//Test for the leds 

Delay10KTCYx(0); //delay to watch if the leds are working 

PORTC=0;  // Turn off the leds 

if (PIR1bits.TMR1IF==1) 

rps=ReadTimer0(); 

rpm=rps*60/0.1048576; //sampling time 

PIR1bits.TMR1IF=0; 

on_leds (rpm); 
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T0CON= 0b11101000; //configuring TIMER0 for pulse count 

T1CON= 0b00111001; //configuring TIMER1 for time count 

TRISC= 0b00000000; //setting all ports in b and all ports in c 

Delay10KTCYx(0); //delay to watch if the leds are working 



 

 

 

} 

 

 

 

/*THIS PROGRAM CONVERTS TO DIGITAL DATA ANY ANALOG INPUT CONNECT TO 

AN0 AND STORE IT IN A VARIABLE

DAVID NAJAR 

*/ 

 

 

#include <p18f248.h> 

#include <adc.h> 

#pragma config OSC=HS //>4 MHz

#pragma config WDT = OFF   /* Turns the watchdog timer off */

#pragma config LVP = OFF   /* Turns low voltage programming off */

#pragma config DEBUG = OFF /* Compiles without extra debug code */

 

void main (){ 

 

int result; 

OpenADC (ADC_FOSC_4&ADC_RIGHT_JUST&ADC_1ANA_0R

//OPEN ADC with Fosc/4, right jus

ConvertAdc(); //start conversion

while (BusyADC){}//wait until conversion is finished

result=ReadADC(); //Save ADC conversion into result

CloseADC (); 

 

} 
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PROGRAM CONVERTS TO DIGITAL DATA ANY ANALOG INPUT CONNECT TO 

AN0 AND STORE IT IN A VARIABLE 

#pragma config OSC=HS //>4 MHz 

WDT = OFF   /* Turns the watchdog timer off */

#pragma config LVP = OFF   /* Turns low voltage programming off */

#pragma config DEBUG = OFF /* Compiles without extra debug code */

OpenADC (ADC_FOSC_4&ADC_RIGHT_JUST&ADC_1ANA_0REF,ADC_CHO&ADC_INT_OFF); 

//OPEN ADC with Fosc/4, right just, AN0 input, CH0 and no interrupts

ConvertAdc(); //start conversion 

while (BusyADC){}//wait until conversion is finished 

result=ReadADC(); //Save ADC conversion into result 
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PROGRAM CONVERTS TO DIGITAL DATA ANY ANALOG INPUT CONNECT TO 

WDT = OFF   /* Turns the watchdog timer off */ 

#pragma config LVP = OFF   /* Turns low voltage programming off */ 

#pragma config DEBUG = OFF /* Compiles without extra debug code */ 

EF,ADC_CHO&ADC_INT_OFF); 

, AN0 input, CH0 and no interrupts 



 

 

 

APPENDIX B 

Cost report  

 

A
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R
P

M
 

Items 

AD623 2 1 

Cap 0.1 uF 3 1 

Cap 1 uF - 1 

Conn 2 pin 1 1 

Conn 3 pin - 1 

Conn 8 pin 2 2 

PIC18F2480 1 1 

R 100R - - 

R 120R - - 

R 360R - - 

R 510R - 1 

R 1K 2 - 

R 1K3 - - 

R 11K - 1 

R 100K 2 - 

R 160K - - 

MMA6231Q 1 - 

N11MA512023 - - 

4AV11C - 1 

RS621-2287 - - 
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S
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T
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p
a
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P
ri

ce
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e
r 

u
n

it
 (

£
) 

T
o

ta
l 

(£
) 

4 4 3 14 1.85 25.90 

4 1 1 10 0.20 2 

4 4 3 12 0.32 3.84 

4 8 6 20 0.07 1.4 

4 - - 5 0.11 0.55 

8 8 6 26 0.30 7.80 

4 4 3 13 3.35 43.55 

- 4 - 4 0.014 0.056 

- 12 - 12 0.014 0.168 

- 4 - 4 0.014 0.056 

4 - - 5 0.014 0.07 

- - - 2 0.014 0.028 

- - 3 3 0.014 0.042 

4 - - 5 0.014 0.07 

- - - 2 0.014 0.028 

- - 3 3 0.014 0.042 

- - - 1 3.03 3.03 

- 4 - 4 3.59 14.36 

4 - - 5 16.36 81.8 

- - 3 3 7.49 22.47 

TOTAL 153.22 
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APENDIX C  

Design report   

The results of the design made for Data acquisition system are the following:
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the design made for Data acquisition system are the following:

Fig 1  Block diagram for temperature sensor 

Fig 3 Block diagram for RPM sensor 

Fig 4 Block diagram for Velocity sensor 
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the design made for Data acquisition system are the following: 

 

 

 



 

 

 

Note that in the case of the Hall Effect sensor the last part of the diagram shows 

microcontroller instead of 

signal of this sensor and the physical value is dependent of the frequency, n

voltage. The calculations will be performed with the internal timers of the 

microcontroller, which can count either pulses or time.

In order to make the printed circuit boards, and to have future references, the basic 

schematics for built each senso
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Fig 5 Block diagram for accelerometers 

Fig 6 Block diagram for strain gage 

Note that in the case of the Hall Effect sensor the last part of the diagram shows 

instead of ADC. This is because the relationship between the output 

signal of this sensor and the physical value is dependent of the frequency, n

voltage. The calculations will be performed with the internal timers of the 

microcontroller, which can count either pulses or time. 

In order to make the printed circuit boards, and to have future references, the basic 

schematics for built each sensor are shown below.  
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Note that in the case of the Hall Effect sensor the last part of the diagram shows 

. This is because the relationship between the output 

signal of this sensor and the physical value is dependent of the frequency, not the 

voltage. The calculations will be performed with the internal timers of the 

In order to make the printed circuit boards, and to have future references, the basic 
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Fig 7 Schematic for temperature sensor 

Fig 8 Schematic for Hall effect sensor 

Fig 9 Schematic for accelerometers (one axis) 
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With that information, the printed circuit 

be made with connectors for each port (PortB and PortC) in order to make possible 

future implementations and connect outputs (such as led’s and LCDs).
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Fig 10  Schematic diagram for strain gage 

With that information, the printed circuit boards can be designed as well. But this will 

be made with connectors for each port (PortB and PortC) in order to make possible 

future implementations and connect outputs (such as led’s and LCDs). 

Fig  11 PCB layout for Hall effect sensor 
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boards can be designed as well. But this will 

be made with connectors for each port (PortB and PortC) in order to make possible 
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Fig  12 3D view of PCB Hall effect sensor 

Fig 13 PCB layout for Strain Gage 
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Fig 14 3D view for Strain Gage PCB 

Fig 15 PCB layout for Thermocouples 
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Fig 16 3D PCB for thermocouples 

Fig 17 PCB Layout for accelerometers 
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Fig 18 3D PCB of accelerometers 
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