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Introduction

The aim of this assignment is to design a microcontroller based automotive data acquisition system.
The microcontroller will be designed to be fitted onto a family saloon prototype car, whileitis
subjected to a two-hour test track run. The following components will be tested;

e RPM

e Engine temperature

e Front and rear suspension travel

* Pitch, roll and yaw

* Vehicle speed
Each component will have its own sensor. The sensor will send the acquired data to a
microcontroller to be stored in non-volatile memory, which can be externally read and cleared when
connected to a computer via USB. A battery will be used to power the whole system so none of the
components will be reliant on the cars power supply.

Current Vehicle Acquisition Systems

The data acquisition systems are very helpful as they can be can be used to improve a cars
performance and safety. The purpose of vehicle acquisition systems is to: -

e Determine if a car meets its specification.

* Establish if a car will drive safely.

o Identify if a car complies with all road going regulations and laws.

¢ Pin point outstanding issues within a car.
There are many types of data acquisition system available in the current market. They all have
different specifications to be able to meet a variety of different purposes. Below are current data
acquisition systems which are available to purchase on today’s market. The table below highlights
the key difference between the selected four data acquisition systems.

Image
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Data Logger | VBOX 3i Aim EVO5 Datataker DT80 GL240 Data Logger
Description
Sample Rate | Up to 100Hz Up to 1000Hz Up to 40Hz Up to 50HZ
Inputs e 4 analogues e 8analogues | e 5-15analogue | ¢ 10analogues
e 2canbus e 4 Digital e Uptol0 » Upto4d
e Brake trigger e 1RPM isolated Logic/pulse signal
s Voice tapping s Builtin Gyro inputs input channels
e Log Switch e 8 digital
e Power Supply input/outputs




Outputs e Canbus e CANoutput | e 8digital e USB
e RS232 e RS232 input/ outputs | ¢  WLAN
s USB s Kline e USB s 25D ports
¢ Bluetooth e 2 digitals e RS232 e Alarm output
e 2 digitals o Wi-Fi e Ethernet
e 2 analogues e SDport
s CFcard s USB
Operating 7-30V 9-15Vv Mains power, 10- | 100 -230V AC, 8.5
voltage 30Vdc external 24Vdc or battery
supply or battery
Dimensions | 170x 121 x 41mm 114 x 47 x 180 x 137 x 188 x 117 x 42mm
59mm 65mm
Weight 900 grams 300 grams 1.5Kg 500 grams
Internal No information 4GB Up to 10 million 4GB
Memory data points
Display N N Y Y-4.3"LCD
Screen
GPS Y Y Y
Price n/a £1500 £2750 £1095

Tablel1; Demonstrates four types of vehicle acquisition systems. [1] [2] [3] [4]

VBOX 3i

The VBOX 3i is a highly accurate data logger. It has multiple input and output types available which
give the user many options to choose from. The 7-30V supply gives it flexibility when powering the
device, making it convenient. This system is quite large and heavy which will impair the portability.

(1]

Figure 1; lllustrates a VBOX 3i.

Aim EVO5

Along with the built in Wi-Fi, second CAN bus, gyroscope, high sample rate and the vast amount of
input/outputs makes the Aim EVOS5 a top contender. The EVOS is light in weight and is small in
stature which makes portability easier. It is also quite expensive. [2]




Figure 2; Shows a photo of an Aim EVO5.

Datataker DT80

This product has a wide range of supply voltages which give the users multiple options. The
Datataker DT80 is the heaviest and largest of the above systems which may affect portability. It also
is very expensive, which may negatively influence the decision if other systems have a more advance
or equal running system but come up cheaper than Datataker DT80. [3]

Figure 3; lllustrates a Datataker DT80 Series 4.

GL240 Data Logger

The main features of the GL240 are the 4.3” LCD screen and the wireless connectivity option which is
unlike the other systems above. This would make it easier to read data throughout the tests. It also
has multiple analogue inputs, dual SD ports, 4GB internal memory and is compact in size. [4]




Figure 4; Shows a photo of a GL240 Data Logger.

Microcontroller Specification

A specification list must be created to outline what is required from the PIC. It is important to do this
because if a pic is selected that doesn’t meet the criteria, then it could cause problems later along

the line.
Count Speed Name Pins AorD Bits
0.1ms Suspension 4 A 10bit
0.1s Pitch 1 A 10bit
0.1s Roll 1 A 10bit
0.1s Yaw 1 A 10bit
1s MPH 1 D Counter 8bit
1s RPM 1 D Counter 8bit
15s Temperature 1 A 10bit
SD card 3 D
Start button 1 D
Tell 1 D
USB 2 D+/D-
RS232 2 D
Bits
Digital signal pins (plus interrupt) 11
Analogue signal pins 8 (10bit)
USB 2
SPI 3
Total 22 pins + power

| Total pins required in pic

28

Table 2; Shows the specification created for this assignment.

Memory, RAM and clock speed will also need to be taken into consideration while selecting a

microcontroller.




Pins required 28+
Memory 16K+

RAM 500bytes+
Clock speed 16MHZ+

Table 3; Shows the requirements for the microcontroller.

It is good practice to select a microcontroller with spare pins, the reason being is to allow spare pins
in case they are required during development. The decision was made to select a device with a
minimum of 28 pins.

Microcontroller Selection

The website ‘Microchip.com’ was used to find the correct microcontroller to meet the specifications.
Figure 5 shows the results given after specification had been entered in to the website. Three of the
microcontrollers met the specification. It would be unnecessary to use a microcontroller which has
too many pins, therefore PIC18F45K50 is out of contention. This leave the selection is between
PIC18F24K50 and PIC18F25K50. Between the two remaining microcontrollers there are many
similarities and limited differences. However, the decision was made to use microcontroller model
PIC18F25K50 due to its larger memory size.
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Figure 5; shows the PIC selection on microchip.com. [5]

Non-Volatile Memory Required

Non-volatile memory is needed for the designed system.

Measurement Signal Type Bytes Logging rate Total bytes
RPM Digital 1 1s 1

MPH Digital 1 1s 1

Engine Temp Analogue 2 155 30

Pitch, Roll, Yaw Analogue 6 ims 6,000
Suspension Analogue 8 100us 80,000
Total bytes 86,632

Table 4; shows the calculations for the non-volatile memory.

Referring to table 4 the total number of bytes is 86,632 or 86.6KB’s. The vehicle acquisition test is
completed over a 2-hour period. The calculation below is to find out how much memory is needed
to complete the test.




86.6KB/s x 60 = 5.2MB/min
5.2MB/min x 60 = 312MB/hour
312MB x 2 = 624MB / 2 hours

A total of 623Mb of memory is required for the 2-hour test drive. For the SD card selection, anything
greater than 1GB will be sufficient.

SD card Selection

The Cloudisk SD card was selected it has 4GB memory at a cost of £3.45. A combination of the
memory size along with the cost of the Cloudisk SD Card is the reason why it was selected to
complete the test. [6]

MEMROY CARD

Figure 6; Shows the selected 5D card.

Logging Rates

Below demonstrates which logging rates are going to be taken by each of the sensors.

Data Log Times
0s Suspension| PR)Y RPM MPH Temp

100us |Suspension
200us |Suspension
‘ Suspension
900us [Suspension
1ms |[Suspension| PR)Y
1s |[Suspension| PR)Y RPM MPH
15s [Suspension| P,R)Y RPM MPH Temp

Table 5; Shows the data logging rates.




Block Diagram

12V Battery
5V Supply
usB le Microcontroller > SD card
. 3
Anal
nalogue Digital Input
Input
Signal Signal
Conditioning Conditioning
Voltage Voltage
Clamp Clamp
Temp Gyro Suspension RPM MPH

Figure 7; Shows the structure diagram for the designed system.

Sensor Selection

It is important that correct sensors are used for each of the tasks in hand. Various tables are shown
in the following sections to outline the features of each types of sensors along with their advantages
and disadvantages. This will help make the decision on which type of sensor to use easier.
Additionally, an explanation will be given to why the type of sensor was chosen.

MPH & RPM

MPH and RPM are both measurements of a rotating part. It seems suitable to choose and use the
same sensor for both applications.




environment (dirt
on sensor lens)
Requires magnet on
rotating component
—issues may occur
with attachment
Vulnerable to other
magnetic fields

Sensor Type | Hall Effect Optical Inductive

Image

Description | SS466A - latching AK1/AP-1H

Voltage 3.8 - 30Vdc 10 - 30vdc

supply

Output 0.4V, 20mA PNP —max 200mA

Sensor 5mm

range

Connection | 3 pins 4 pins

Dimensions | 4.06x 3 x1.57mm 64 x 18mm

Protection IP67

Price £2.00 £16.56

Operation Measures magnet Measures a change in magnetic
opposed to sensor field

Positives * Non-contact e Cheap
e Accurate e Simple
e Cheap e Durable

Negatives e Subjectedto e Distance limitations due to

metallic target

e Voltage outputs unknown
until tested

e Can only detect metallic
targets

Table 6; Highlights the key differences between sensor types. [7] [8] [9]

The chosen sensor to measure MPH and RPM is the Optical sensor. The Optical sensor was chosen
over the Hall Effect sensor because of magnet attachment issues. A magnet is required on the
rotating element in order for the sensor to operate. It was also chosen over the Inductive sensor
because of the limited sensor range in comparison. Some cars may require the sensor mounted

further away.
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Optical Sensor

Image
Description VLS/DA1 LIPS P112
Voltage Supply 7.5-15vDC 5v DC
Voltage Output 0-6Vdc 0.5t04.5Vdc
Sensor range 50 - 2,000mm 10-50mm
Price £427.50 £412.50
Connection 5 core 4 pins
Dimensions 130x 34 205 x 59mm
Protection IP67
Positives * Goodsize e Durable
e  Qutput & input
voltage in range
Negatives e QOutput & input e Short measurement
voltages out of range
range e largeinsize

Table 7; lllustrates the features of the Optical sensor. [10] [11] [8]

The chosen sensor is the Monarch 6180-056, the reason is that it has a good measurement range,
and compatible input & output voltages, which can be seen in table 7.

With regards to the RPM measurement, the senor would need to be mounted in front of the
flywheel, with a white strip to be clearly marked so the sensor can read it.

The MPH sensor is going to be measuring how many times the tires rotated to give mph reading. The
white strip is required on the tyre to make sure that the strip is read correctly it will be outlined with
white paint to be accurate. The sensor must be mounted in a secure place in clear view of the white
strip.

Both the RPM and MPH sensors come with a mounting bracket and screws which makes attachment
easy.

11




Engine Temperature

A sensor will be needed to monitor the engine temperature throughout the test, below are three

different types of sensors which could be used.

Sensor Type Thermocouple Thermistor Infer-red sensor
Image
L 4
=
Description RS PRO 2 wire PT100 LM335Z/NOPB
Voltage Supply | 0 -5V 5V
Temp Range -50°C - +500°C -40 - 100°C
Operating Direct contact Direct contact
Distance
Response 0.1s
Time
Accuracy Class B 0°Cto+1°C
Connection 4 pin 3 pins
Type
Output PT100 10 mV/°K
Price £1.89 80p
Operation e Peltier effect e Resistance depends
upon the
temperature.
Positives e Can be robust e Canberobust
e Cheap e Cheap
e Can be very
accurate e Simple usage
e Fairly accurate
Negatives e Contactissues e Contactissues
o Needstobecloseto |« Needs to be close to
the engine so has to the engine so has to
be insulated be insulated
e Costly cables
* Small signal
* Signal conditioning

Table 8; Shows the difference between three different types temperature sensors. [12] [13] [14]

The decision was made to use an infer-red sensor. This because it requires no direct contact with the
engine, so the sensor can be mounted away from the engine whereas thermocouples and
thermistors both require contact. Although IR sensors are expensive, they are very accurate and can
be robust making them the most appropriate sensor for the testing.

12
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Description Omega 05136A-1- Calex PC21IMT
MA
Voltage Supply 12 to 24 Vdc 24Vdc
Temp Range -18 -202°C 0-250°C
Operating Distance Upto9.1m n/a
Dimensions 190D x89mmL 18 mm OD x 103 mm
L
Response Time 150ms 250ms
Accuracy 3% of rdg 1%
Connection Type 4 wires 4 wires
Output 0-5Vor0-10V 4-20 mA
Price £170 £162.60
Positives e Durable e Accurate
e Accurate
e Output voltage in
range
Negatives e Input Voltageout | » Expensive

of range
e Expensive

e Temprange
doesn’t go below
0°C

Table 9; Highlights a comparison of three types of infra-red sensors. [15] [16] [14]

The decision was to use the Optris CS LT, this is because it has a high temperature range, good
response time and compatible input and output voltages. It also has a threaded diameter which
makes mounting easy. The temperature sensor needs to point directly at the engine for the most

accurate results.

Pitch, Roll and Yaw Gyro's

Sensor Type Yaw rate sensor Gyroscope Inclinometer
Image g
>
—
LY
Description VEX Yaw Rate Sensor XHAI dual axis
Voltage Supply | 2.7 Vto3.6V 9-36Vdc
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DPS 1000°/s

Response 140Hz

Connection 10 pin

Type

Output 2.6V

Price £35.99

Operation Measures a vehicle's
angular velocity around its
vertical axis

Positives e Cheap

Negatives e High pin count
e Voltage out of range

0.05

18Hz

4 pin

Oto 5V

£381.70

Adevice for measuring
the angle of inclination

e Measures 3 pitch
roll & yaw
* Wide range online

e Expensive
¢ |nput voltage out of
range

Table 10; Shows three types of sensors to measure pitch, roll and yaw. [17] [18] [19]

The decision was made to use the Gyroscope. The reason being is that there is a wide range to
choose from online which will perform well. The majority of them have the ability to measure pitch

roll and yaw.

Image

Description BC-3Axx_3Gyyyy-000 | KG Angular Rate Gyro

Voltage Supply 8-18VDC 5v

Bandwidth 5 to 250 Hz 10Hz

DPS 2000°/s 2000°/s.

Connection Type 5 pin 5 pins

Price n/a n/a

Output 40 mA 0.5V to 4.5V (Offset

2.5V)

Positives e |P67 —durable e Supplyvoltage in
e High bandwidth range
e High DPS * 3axis

Negatives e Price not given e Output voltage out

of range
e Price not given

Table 11; Shows three types of Gyroscope sensors. [20] [21] [18]

The decision was to use the WIT MPU6050. This because it has a compatible input/output with the
PIC, its cheap, it has a high DPS in comparison to the other two systems. Another reason is that it will

measure pitch roll

and yaw.
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The mounting for the gyro is important in order to receive the correct data outputs, to be able to;
* Measure pitch, the sensor is required to be facing the front of the car, on its side axis of 90°.
e Measure roll, the sensor needs to me mounted facing the side of the car door and on its side
axis of 90°.
* Measure yaw, the sensor needs to be facing the front of the car and flat on its axis at 0°.

Suspension
Sensor Type Draw wire Laser distance Linear Potentiometer
Image
Description OADM 2016592 Aim Motorcycle
Potentiometer Pop End
Fitting
Supply voltage 12 .28 VDC Max 40Vdc
Count Speed 2.5ms 10m/s
Output Voltage 4.20mA/0...10 VDC 0.5 -4.5V
Range 100 - 600 mm 0 —-150mm
Dimensions 65 x 20.6 x 50mm 132mm
Connection Type 8 pin 4 pin
Protection IP67 IP65
Price $3,199.00
Operation e Sendsapulse of laser | e Measuresthe
light to the target and change in position
measures the time it of objects
takes for the reflection
to return
Positives e Non-contact e Accurate
e Accurate if aligned e Simple design —but
properly complex to use in
this aspect
e Longrage * Well protected
measurement
e Quick response time
Negatives e Target & alignment ¢ Contact required
issues
e Debrisissues cause e Tight spaces under
inaccuracy the wheel arch may
e Expensive cause issues
e Expensive

15




e Damage may occur
if space under the
wheel arch is too
small

Table 12; Shows the differences between three types of suspension sensor types. [22] [23] [24]

The decision was made to use the draw wire sensor. The reasons are that alignment may be an issue
with the laser distance sensor and the linear potentiometer, whereas it is very simple with the draw
wire sensor. Additionally, poor weather conditions won't affect the draw wire sensor but may cause
some accuracy and durability concerns of the laser sensor. Furthermore, the linear potentiometer
may struggle with cars which have a small space under the wheel arch so may cause damage to the
sensor.

Image ?
D
Description Sick BCGO5-L1KMO1PP Kubler C100
Supply voltage 19-33V 5V
Signal output Potentiometer Potentiometer
Count Speed 4m/s
Output voltage 0-10V 0.5-4.5V
Range Uptol5m Up to 5M
Dimensions 72 x 55x52mm 109 x 98 x 80mm
Connection Type 4 pins 5 pins
Protection IP65 IP67
Price £453.47 £357.00
Positives e Durable e Durable
e S-voltinput &
output

Negatives e Output & supply * Expensive

voltages out of

range

e Expensive

Table 13; Shows three types of draw wire sensors. [25] [26] [22]

The decision was made to use the CALT 1000mm from analysing the data providedin table 13. The
reasons being is that it has a high measurement range, durable and an in-range output voltage.

The sensor needs to mount under the wheel arch and the wire must be attached to the lower end of
the strut.

16




Connector Selection

A big design concern is users inserting the wrong sensors into the wrong places on the PCB. To solve
this issue, all the sensors will have different connectors & colours to make connecting the sensors
correctly.

MPH & RPM Connectors
MPH RPM

.- -

Description Pin 4A 20AWG - black Pin 4A 20AWG white
Pins 4 pins 4 pins
Colour Black White
Price £1.90 £1.90

Table 14; Shows data of MPH and RPM connectors. [27]

These products were chosen as they can be purchased easily and are very cheap. They are
waterproof and robust which makes it fit for purpose. They also have a twist lock which makes the
connection more secure.

Temperature Connector

Image ae
Description HP20
Pins 5 pins
Colour Black
Price £13.24

Table 15; Shows the information of the chosen temperature connector. [28]

This connector was chosen as it is designed to be used with automotive purposes. It is robust which
is what is required for this sensor. Another positive is that it's not too expensive.

Suspension Connectors

Four suspension connectors are required for the four sensors. Unlike the other sensors, it does not
matter if these sensors get mixed up as they are all the same. Colour coded cable ties can be
attached to each male/female pair to prevent inconvenience.

17




Image

o2

Description TEEPLUG

Pins 3 pins

Colour Black

Price £15.49 x4 = £61.96

Table 16; Shows the specifications of the suspension connector selected. [29]

These connectors were chosen because they are relatively cheap, also because they have a an IP68
rating which makes it very durable.

Gyroscope connector

Image

Description M14-4
Pins 4 pins
Colour Black
Price £6.24

Table 17; Shows the specifications of the selected Gyroscope connector. [30]

This connector was chosen because it is very cheap, waterproof and with an IP68 rating making it
highly durable.

Battery Selection

Before the battery is selected, the maximum current output for each sensor must be used to
calculate the battery capacity required. This can be seen in table 14 below.

Sensor Max Current
RPM 40mA

MPH 40mA
Suspension 20mA x 4
Temperature 50mA

Pitch 15mA

Roll 15mA

Yaw 15mA

LED 20mA

Total 275mA

18




Table 18; Highlights the total current output.

To calculate the battery capacity required, the following calculations were used.
Capacity (amp hour) = Total current (A) x Time (hours)
Capacity = 0.275Ah x 2 (hours)

Capacity = 0.550Ah (550mA) (for 2 hours)

A comparison must be made into which type of battery would be best for the task in hand.

Battery

Lithium-ion (Li-ion)

Image

Description

Voltage
Capacity

Positives

Negatives

Nickel-Cadmium NiCd

Nickel-Metal Hydride
(Ni-MH)

220
I !\ 3 0
13183
= =
= =
NiCd Rechargeable Battery | GTL 9v Rechargeable
120mAh Battery 900mAh
9V 9V
120mAh x 5 900mAh
$3.65 £8.50 (for 2)

Good at maintaining
voltage and holding
charge when not in use

s Possess 2-3 times
the capacity of a
nickel-cadmium

e Delivers their full rated battery of the
capacity at high same size
discharge rates ® Isn’t subjected to

e Rechargeable the ‘memory

effect’
e Rechargeable

e Subjected to ‘memory e High self-
effect’. When a partially discharge

charged battery is
recharged, it lowers the
future capacity of the
battery

Lack of selection online
-above battery doesn’t
meet the capacity
required, would need
to meet spec.

Table 19; Shows a comparison of three battery types. [31] [32] [33]

The decision was made to select the Lithium-ion battery. The reason for this decision was because it
doesn’'t possess ‘memory loss'. It also seems like the better battery to use compared to the others. A
12v battery will be used as the highest input voltage from the sensors will be 12v. A battery with an

excess of 12v would not be required.

19




Image .‘w

Description TalentCell 12V DC Rechargeable
Rechargeable

Voltage 12v 12v

Capacity 6000mAh 6800mAh

Price £45.55 £32.99

Dimensions 13x2.5x7.6cm 11.5x6 x 2cm

Weight 349g 210g

Positives e Verylarge o Verylarge

capacity capacity

Negatives e Expensive e Expensive
e largesize e Llarge size
e VeryHeavy e Heavy

Table 20; Shows three types of Lithium-ion batteries. [31] [34] [35]

Using the data in table 16 the Safari Drives 12v battery will be used. The decision was made to use
the safari drives as it is cheaper and lighter in weight in comparison.

Casing Selection

A suitable casing is required to safely transport the PCB, sensors and battery.

Image
Description ROC
Dimensions L310xW240xH130mm
Protection n/a
Price £16.82
Positives e Cheap
e Foaminterior
Negatives e |Prating not given

Table 21; Shows two case comparisons. [36] [37]

From analysing the cases in table 17, Case 10 will be used due to it being robust and better size for
what is needed.

20




LED Selection

Figure 6 shows the LED which will be used in the project. A resistor will have to be in series with the
LED.

§§ Farnell R e

Al Product Manufacturers Hesources Communities.

. L8710

L-57IID - LED, Low Power, Red, Through Hole, T-1 3/4 (Smm), 20 mA, 2 V, 625 nm
Kingbright
Manufactures:
Manulacturer Part Mo
Order Code:

Technical Datasheet

eI . ) 4dd to comeere

Product Overview

Figure 8; Shows details of the LED selected. [38]
The calculation of the resistor is as follows;

If = 20mA

V=2V

Vres=5-2=3V
R =3/20mA = 150Q

PCB Prototype Quote

- PCB proto

PCE proto

Delivery ten 7 working days
i e proent date 04-12:2019
1 PCBs

Board surfa ae 0,44 dm? / 0,44 dm?

Prices Groas*
ghe PCE € €49.09
€40.52 €45.03

Express transg €1 €240

Figure 9; shows the price for the PCB to be produced. [39]
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Total Costs

Component Quantity Price Total Price
MPH sensor 1 £240.00 £240.00
MPH connector 1 £1.90 £1.90
RPM sensor 1 £240.00 £240.00
RPM connector 1 £1.90 £1.90
Gyro sensor 1 £24.17 £24.17
Gyro connector 1 £6.24 £6.24
Suspension sensor 4 £88.00 £352.00
Suspension connector 4 £15.59 £62.36
Temperature sensor 1 £160.93 £160.93
Temperature connector | 1 £13.24 £13.24
Battery 1 £22.99 £22.99
LED 1 £0.295 £0.295
Case 1 £45.97 £45.97
PCB 1 £43.94 £43.94
Total Cost £1,215.94

Table 22; Shows the total cost of the design.
Proteus Design

Before the schematic diagram is created in proteus, pin selection needs to be planned out. The
microprocessor (PIC18F25K50) which is being used has specific analogue, digital, SPl and USB pins.
Even though there are multiple analogue and digital pins available to use, the SPl and USB can only
be connected a certain way. This information can be found on the datasheet.

TABLE 1:  PIC1B(L)F2X/45K50 PIN SUMMARY
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RE3 can be used for dighal input only (na output unctionality).
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Figure 10; Demonstrates the data sheet for the PIC. [39]
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From the datasheets shown infigure 9, it is now possible to plan out the connections. SPI can only
be connected in RA5, RBO, RB1 and RB3. USB can only be connected to IOCC4 and IOCCS. All the
analogue pins are shown as ‘AN.." and all the digital pins are shown as ‘l0C’.

Signal Conditioning

The microprocessor has a +5V supply. To prevent any damage occurring, a clamp must be present on
all of the sensors to limit the voltage into the PIC to +5V. A clamp consists of a capacitor, resistor and
a Zener diode, which can be seen in figure 8 below.

R8

Cé6 D5
100nF 1NAT33A

Figure 11; Shows the clamp in Proteus.
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RPM & MPH
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Figure 12; Show the RPM and MPH Sensors.

The output signal of these sensors is a negative pulse. For the sensor to operate correctly then a
resistors R22 for RPM and R23 for MPH are needed to bring the pulse down from +5V. A clamp is
needed to limit the voltage to the pic to 5V for signal conditioning.

Temperature
-

Temperature

Figure 13; Shows the temperature sensor.

This sensor has a 0 — 5V output which is compatible with the microprocessor, so no action is needed.
A clamp is needed to limit the voltage to the pic to +5V for signal conditioning.

24




Suspension
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Figure 14; Shows the suspension sensors.

The suspension sensors have a +12V supply so a potential divider is needed to reduce the voltage
down to +5V. The resistances for the potential divider have been calculated by using the following
equation;

Vout = Vi Rz
out = X el T R2
40
12Vx —— =5y
56 + 40

The output of these sensors is 0 — 5V which is compatible with the microprocessor, so no action is
needed. A clamp is needed to limit the voltage to the pic to 5V for signal conditioning.
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Gyroscope
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Figure 15; Shows the gyroscope

This sensor has a 0 — 5V output which is compatible with the microprocessor, so no action is needed.
A clamp is needed to limit the voltage to the pic to +5V for signal conditioning.

Battery
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Figure 16; Shows the selected battery.
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The battery has a +12V supply so a ‘7805’ voltage regulator is required to reduce the voltage down
to +5V, which is the voltage required for the PIC. A series of capacitors are used to stabilise the 7805.
A heat sink for the 7805 is not required as the max current output is quite low.

SD Card

sSD1 hded

Figure 17; Shows how the SD card connects to the PIC.
The SD will be used to collect the data which the system produces. Once the data has been collected

and stored, the SD card can then be removed and installed into a PC for data analysis and storage.
The CS port on the SD card is not needed so it is grounded to earth.

usB

=5\

GND
USSCONN @& @

Figure 18; Shows which pins the USB uses to connect to the PIC.

It is the USB port which is used in the system for communication purposes. It could be used for the
configuration of the sensors or to access data.

Start/Stop Button & LED

R24 I —
mmvmropb-—m:—ﬂ O Power
L
2
R21
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Figure 19; Shows how the stop/start buttons are connected to the PIC.
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Microprocessor Connections

Figure 20; Shows all the connection on the microprocessor.

Full Proteus Design

Figure 21; Shows the full proteus design.




Easy-PC Design - Schematic Diagram
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Figure 22; Shows the full Easy-PC schematic diagram
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Without Copper Pour
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Figure 23; Shows Easy-PC PCB design pre copper-pour.
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With Copper Pour

f
L

-

@_
] [ Se—
®

0

=) 1
/
.
@

] %

\
G

¥

N

Figure 24; Shows the Easy-PC PCB design post copper-pour.
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3D View — front

Figure 25; Shows the top view of the 3D Easy-PC PCB design.

32




3D View — back

Figure 26; Shows the 3D bottom view of the Easy-PC PCB design.
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Suggested Improvements

After completing this data acquisition system, there are several ways in which in which it could be
improved. First improvement would be a built-in screen. It would be beneficial to monitor a cars
performance during a 2-hour car test. Although this would make the system more practical, it would
make it more complex. Careful and thoughtful PCB design and planning would be required to make
this possible.

Another feature could be Bluetooth connection. This could also be used to view and monitor a cars
performance on test runs. This would be beneficial as changes to the system can be easily made on
the in the middle of test runs.

Additionally, the use of a GPS tracker could be used to aid the measurement of speed. It could also
be used to measure new parameters, including acceleration and distance covered. The
disadvantages of GPS are that it cannot give accurate readings when the car travels on an
incline/decline. GPS trackers can also lose signal.
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