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Abstract

Vehicle data acquisition systems are more widely used now than they ever have been. Electric data
logging systems are used to record data and store the data through sensors that may be attached to
a vehicle. The system at hand is a microcontroller based vehicle acquisition system. Relevant
sensors, connectors, housing, memory size have been selected to help measure the different
variables of a vehicles performance. A full working circuit design has been achieved using Proteus
and a ready to manufacture PCB has been design on EasyPC. Although the system has been a success
itisn’t perfect. Improvements to the system can be made by adding Bluetooth, Wi-Fi, GPS and
others. Another improvement to the cost of the system would have been to use surface mount
electronic components on the PCB instead of through hole to save costs.
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1. Introduction

This report undertakes the task of designing a microcontroller based vehicle acquisition system. The
report will compare different existing vehicle acquisition systems. The report will contain a
comparison of a range of sensors that could be used to measure a vehicles performance which
includes its RPM, engine surface temperature, suspension movement, etc. The relevant connectors
will need to be selected to accommodate the sensors selected. An appropriate microcontroller will
be selected after completed a series of calculations to help justify the selection. A full circuit design
on Proteus will need to be completed with a PCB design on EasyPC. The report will include a build
cost for a prototype, this would include the casing and battery as well as all other components.
Finally, a review will be carried out on the project with a list of improvements to the specification
and design for the next iteration.
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2. Literature Review

2.1. Background Research

Data acquisition is measuring of real time measurements such as temperature to create data that a
computer can control. The desired information is processed from signals and waveforms.

A data logger can be manually performed by a constant human observation. However, electronic
data loggers are more accurate, effective and reliable for periodic readings, an electronic system
that records data and stores that data [1]. The stored data can then be called upon and transferred
to a computer for analysis. Data loggers allow one or more sensor inputs to be connected to it. They
will log the data received at a pre-set frequency which can be as fast as hundreds readings per
second [2].
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2.2. Existing Systems

The portable VBOX 3i is a powerful data logger that logs
data at 100 times per second with high accuracy. It is used
to measure a vehicles brake testing, handling & dynamics,

performance testing and more. It has an LCD screen to o ”" gﬂ\f] ~ 8.9
show real time readings and even a USB and R5232 port. @ OLOLOLO)] ?mfm — . [

Pitch, Roll and Yaw can be measured by adding the

RACELOGIC Inertial Measurement Unit [3] This VBOX 3i with Figure 1- VBOX 3i Vehicle Data Logger [3]
the Pitch, roll and yaw add on is £11,145 + £15 Carriage +

VAT.

The DASH2 PRO is a professional data logger with the same sample rates as the
previous data logger. This data logger is used for many different applications
such as drag racing and helps when trying to improve your driving skills, it is also
used for crash testing. There is a screen to view real time data it has a USB port
for data download [4]. This data logger is £850 + £79 for the accelerometer.

Figure 2 - DASH2 PRO Data Logger [4]

The Rebel LT data logger from Influx Technology is a small compact data
logger that Influx Technology claim is very easy to use. It even has GPS and
3G. Its sample rate is a massive 1 KHz. It is used to as a vehicle tester, data
acquisition, customer vehicle investigations and other data logging
applications. It has an option for a screen to show real time readings and
has a USB port. Pitch, Roll and Yaw can be measured by adding an
accelerometer as an extra [5]. This price of this data logger with the pitch,
roll and yaw add on is unknown as the supplier did not get back with a Figure 3 - Rebel LT Data Logger [5]

price.

The Aim EVOS is a car racing data logger, it is a compact design
with an aluminium IP65 enclosure. They claim to have a simple
and immediate software configuration. This data logger comes
with a GPS module. The logger has a 3 axis +5G accelerometer
and 3 axis gyroscope. This data logger cost £1350 [6].

Figure 4 - Aim EVOS Data Logger [6]
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3.2. Connector Selection

All connectors to have gold plated contacts as gold plated contacts won't corrode or tarnish over
time and in this scenario it would be beneficial. The connectors will also need to have an adequate IP
rating for the application it will be used for, at least IP65.

3.2.1. Suspension Movement

The wire potentiometer chosen needs a connector with at least 3

pins. A pin for its supply voltage, a ground and an output signal.

This 3 pole connector was chosen because it has gold plated

contacts, a strong metal housing and an IP rating of IP67. As there

are 4 sets of connectors needed for the suspension movement the

Figure 10-Rs PRO 3 connectors will be colour coded to ensure the correct pair are Figure 9 - RS PRO 3 Pole

Cable Connector [14
Pole Panel Mount connected together. If someone was to connect them up k[T
Connector [14]

wrongly by accident it would not cause any damage.

3.2.2. Engine Surface Temperature

The infrared sensor chosen needs a connector with at least 5 pins. As
for the input, it needs a pin for the positive, a pin for the negative and
a pin for the ground. The output also needs a positive pinand a
negative pin. This 6 pole connector has gold plated contacts, it has an
IP rating of IPE7. It is also small in size for mounting on the box.

Figure 12 - Brad Harrison
6 Pole Panel Mount
Connector [15]

Figure 11 - Brad Harrison 6
Pole Cable Connector [15]

3.2.3. G Forces

The gyroscope chosen needs a connector with at least 5 pins. A pin for the
supply voltage, a pin for the 0V, and also a pin for each pitch, roll and yaw.
A generic photo has been used on the Brad Harrison website for these
connectors. This 8 pole connector has the same characteristics as the 6
pole. This ensures that the connectors cannot incorrectly connected.

Figure 13 - Brad Figure 14 - Brad Harrison 8

Harrison 8 Pole Panel Pole Cable Connector [15]
Mount Connector [15]
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3.2.4. RPM & MPH

P152106

The optical sensor chosen needs a connector with at least 3 pins. A pin for the supply voltage, a pin

for the ground and a pin for the output signal.

= s e

The connector chosen for RPM is a 4 pole connector with
gold plated contacts, its IP rating is IP68 and is made from
metal.

Figure 16 - Hirose 4
Pole Panel Mount
Connector [16]

The connector chosen for MPH is the same type as the
one chosen for RPM but this one is a 3 pole connector
instead so the user would not be able to connect to the
RPM connector.

Figure 18 - Hirose 3
Pole Panel Mount
Connector [16]

Figure 15 - Hirose 4 Pole
Cable Connector [16]

Figure 17 - Hirose 3 Pole
Cable Connector [16]

18
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3.3. Battery Sizing

P152106

To determine a battery size that would be adequate all of the sensors, LEDs, and other components

must be considered.

Component Power Consumption Quantity Total Power Consumption
Temperature Sensor S50mA 1 50mA
Gyroscope 16mA 1 16mA
RPM & MPH Sensor 30mA 2 60mA
Suspension Sensor 5mA 4 20mA
LEDs 25mA 2 50mA

The total for all the components total power consumption is 196mA. This is then multiplied by 2

hours for the amount of time it is needed to be online for. Then it is multiplied by 4 to allow enough

extra capacity in the battery. This totals around 1.6Ah, so anything above this would be sufficient.

19
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3.4. Casing

This Peli case is waterproof with an IP rating of IP67. The case is
fitted with foam which will protect the PCB and other components
from moving around or coming into contact each other. Peli have
claimed the case is “virtually indestructible” [7]. The external
dimensions are 196mm H x 300mm W x 249mm D and the internal
dimensions are 184mm H x 241mm W x 190mm D. This case will be
big enough to all the components in and fit the connectors to the
case.

Figure 19 - Peli iM2075 Case [14]

20




4, Microcontroller Selection

4.1.  A/D Bit Resolution

This needs to be worked out as all the analog signals will be going through the multiplexer. This
being said, the maximum A/D bit resolution needs to be known.

4.1.1. Suspension Movement

Suspension movement is needed to be measured every 1mm. The vehicle will sit at 380mm and will
move up or down by 150mm, giving a range of 300mm. The range of the sensor chosen is 0-750mm
and the output is up to 5V. To work out the voltage at 380mm the following calculation is done;

750 ¢ 380 = 2.53V

Likewise, to work out the voltage at the upper limit of 530mm and the lower limit of 230mm, the
following calculations are completed;

750 * 530 = 3.53V

5
750" 230 = 1.53V

The span in voltage is 2V and in mm is 300mm. Next is to work out the voltage change per mm.

2
— = 0.0066V
300
Therefore, to work out the A/D bit resolution the first thing to know is how many different levels an
8 bit, 10 bit, and 12 bit has. An 8 bit has 256, 10 bit has 1023 and 12 bit has 4095. With this in mind,
the following calculation is done;

—F==0. vV
1023 0.0048

For suspension movement a 10 bit is adequate as only 0.0066V is needed per mm but with a 10 bit
we will get 0.0048V.
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4.1.2. Engine Surface Temperature

Engine surface temperature must be able to be detected when there are changes of 0.5°C. The
temperature of a vehicles engine will range from -10 °C to 120 °C, giving a range of 130 °C. The range
of the sensor chosen is -18°C to 204°C, so 222°C and the output is up to 5V. To work out the A/D bit
resolution, the following calculation is done;

As there needs to be 444 readings, 8 bit is 256, 10 bit is 1024, which will have to be used.
4.1.3. G Forces

Pitch, roll and yaw must be able to be detected when there are changes of 1°/s. Pitch will not change
at more than £60°/s, roll £30°/s, and yaw +260°/s. The range of the sensor chosen can measure
+300°/s, so 600°/s and the output is up to 5V. The voltage at 0°/s will be 2.5V. The three for pitch roll
and yaw will be the same, so there is no need in working out for each of them.

To work out the voltage at the limits for roll of £60°/s, the following calculations are completed;

* 360 = 3V

600

* 240 = 2V

600

The span in voltage is 1V. Next, is to work out the voltage change per °/s.

1
—— = 0.0083V
120

Therefore, to work out the A/D bit resolution at say 10 bit, the following calculation is done;

5
1023~ 0.0048V

For pitch a 10 bit is adequate as only 0.0083V per ° /s is needed.

22
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4,2, Digital Counter Bit Resolution
4.2.1. RPM

RPM will need to be measured every 50 revs. The range on an Audi A4 is between 0 and 8000 revs.
To work out the bit resolution, the following calculation is done;
8000

o - 60

Therefore, 8 bit would be sufficient as there is 256 levels to an 8 bit counter.
4.2.2. MPH

An Audi A4 has been chosen for a family saloon vehicle, its wheel size is 18" in diameter. To work out
how far the wheel will travel in 1 revolution this formula will be used;

Circumference = nd

Equation 1 - Circumference of a circle

m*18 = 56"

There are 1760 yards in a mile, there are 3 feet in a yard and 12 inches in a foot. Which means there
are 63360 inches in a mile. To work out how many revolutions in a mile the vehicle will travel this

calculation is done;
63360
56
There are 3600 seconds in an hour. So, to work out how many pulses per second that is needed the
following calculation is done;

= 1131 revs/mile

1131

3600 0.26 pulse/second

As it is not possible to have 0.26 pulses per second on the wheel it will need to have 4 bits of
reflective tape to be able to work. This would make 1.06 pulse/second. The top speed we will set to
be measured at is going to be 90mph. So to work out how many measurements we will take per
second at 90 mph is the following;

90 = 1.06 = 95.4

Therefore, 8 bit would be sufficient as there is 256 levels to an 8 bit counter.

23
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4.3,  System Memory
4.3.1. Suspension movement

An Audi A4 has been chosen for a family saloon vehicle, its wheel size is 18” in diameter. To work out
how far the wheel will travel in 1 revolution equation 1 is used;

m*18 = 56"

There are 1760 yards in a mile, there are 3 feet in a yard and 12 inches in a foot. Which means there
are 63360 inches in a mile. To work out how many revolutions in a mile the vehicle will travel this
calculation is done;
63360
56
If the vehicle is travelling at 60mph, to work out how many revolutions per second the vehicle is
travelling the following calculation is done;
1131
60
To work out how far the vehicle will travel in a second at 60mph the following calculation is done;

= 1131 revs/mile

= 16 revs/second

Vehicle Distance Travelled = 56 + 16 = 896" per /second

The suspension sensor must be able to detect objects as little as half an inch. Therefore, the vehicle
could run over 1792 of those half inches in a second. To work out how often readings must be taken
the next calculation is done;

1 -
1702 = 0.5 milliseconds

The frequency at which measurements are taken is 0.5 milliseconds. To work out the memory, firstly

the following formula will be used;
1

F =
requency Periodic Time

Equation 2 - Frequency

05x10_3 _ 2000

There are 4 wheels so there will be 4 readings taken every 0.5ms of 2 bytes each so the 2000 is
multiplied by 4 readings to make 8000 and by the 2 bytes to make 16KB per second.

24
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4.3.2. Engine Temperature

As engine temperature is slow changing a reading every 30 seconds would be sufficient.

The frequency at which measurements are needed to be taken is 30 seconds. To work out the
memory, firstly ‘equation 2’ will be used;

1—0033
30

Regardless of its size if it's under 2B it would have to be 2B because the A/D resolution is over 8 bits.

4.3.3. G Forces

The frequency at which measurements are needed to be taken is 5 milliseconds. To work out the
memory, firstly ‘equation 2’ will be used;
1

sx10—3 - 200

There are 3 axis to measure (pitch, roll and yaw), so there will be 3 readings taken every 5ms of 2
bytes each so the 200 is multiplied by 3 readings to make 600 and by the 2 bytes to make 1.2KB per
second.

4.3.4. RPM & MPH
The frequency at which measurements are needed to be taken is 0.5 seconds. To work out the
memory, firstly ‘equation 2’ will be used;

— =2

1
0.5

As the RPM & MPH there only needs an 8 bit counter, the frequency will be multiplied by the 1 byte

to give 2B per second.

4.3.5. Total Memory

As the MPH, RPM and temperature are all very small amounts they can be ignored when working
out the total memory per second. This adds up to a total of 17.2KB per second. To find this out per
hour the 17.2KB per second is multiplied by 3600 to get roughly 62MB per hour. However, the
system specification requires this to be able to last for two hours, this is achieved by then multiply
by 2 to get a total memory required of 124MB.

After searching a 512MB micro SD card was chosen as it was cheaper than a 128MB SD card.

25
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4.4, Pin Count

One of the specifications needed for selecting a microcontroller is how many pins is needed. The
amount of analog and digital signals that are needed depend on the sensors chosen. The sensors for
measuring suspension movement, engine temperature, and G forces (pitch, roll and yaw) are analog
signals. Pins wise, this means there is 8 analog signals, 4 for suspension movement, 1 for engine
temperature and 1 for G forces. There are 2 digital signals that are needed which is for RPM and
MPH. The PIC will also need to accommodate for its supply, USB is that the data can be uploaded to
a PC after the recording are taken, R$232 is so that the data can be seen, SPI is so the PIC can talk to
the SD card, an LED and a start pushbutton. Again, pins wise there is 2/4 for the supply, 2 for R$232,
3 for SPI, 1 for an LED and 1 for a start pushbutton. This adds up to a minimum of 21 pins, PICs pin
counts standards around this amount are 20, 28, 40. So, a pin count of 28 would be sufficient.

4,5, Internal Oscillator

For an example, if a 4MHz internal oscillator was chosen it would have 1 million instruction in a
microsecond. This is because PICs are designed with quadrature architecture this means they need 4
clock cycles per instruction.

e 3instructions to select a channel

e 30 microseconds delay to settle

e 5Sinstructions to start the conversion

e 6 microseconds delay for the conversion

s 4instructions to read the analog to digital conversion
e 30instructions to store the data

This then adds up to a total of 78 microseconds per channel for 1 analog reading and storage. The
worst case of readings at the same time would be 78 microseconds multiplied by 8 analog signals
gives 624 microseconds. The delays add up to 36 microseconds, multiply this by 8 analog signals
gives 288 microseconds, this can’t be helped. However, if we were to subtract 288 by 624 this equals
336 microseconds. The amount of time for loops needs to be considered so the actual amount of
time per reading can be doubled. This being said, 336 microseconds would need to be divided by
around 150, which calculates to more than 2. So, 4MHz is not great enough and as it's multiplied by
over 2 then at least 16MHz is required for the internal oscillator.
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4.6.

Microcontroller Selection

P152106

When selecting a microcontroller, the website Microchip was used to help determine what PIC to
select. The following minimum required data was entered into the website to narrow down the
choices for a PIC:

28 pins as 20 pins would be too little

8 A/D channels

10 bits of A/D resolution
1 UART

1SPI

1USB

16MHz Internal oscillator

As shown below there were quite a few selections left. All PICs
shown met the criteria above and also the program memory,
CPU speed and RAM requirements. So, at this point the cheapest
PIC was chosen which was PIC18F24K50.

Te SORT @ colun

Preduct

Buy Status

n Production ]

Figure 21 - Microcontroller selection [13]

Documents

SK Pricing

Program
Memory
Sire

(Kbytes)

Parameter Name
Program Memory Type
Program Memory (KB)

CPU Speed (MIPS)

RAM Bytes

Data EEPROM (bytes)

Digital Communication
Peripherals

Capture/Compare/PWM
Peripherals

Timers

ADC

Comparators

USB (ch, speed, compliance)
Temperature Range (C)
Operating Voltage Range (V)
Pin Count

Low Power

Cap Touch Channels

2,048

256

1-UART, 1-SPI, 1-
12C1-
MSSP(SPI/12C)

2 Input Capture, 1
CCP, 1 ECCP,

2 x 8-bit, 2 x 16-bit
14 ch, 10-bit

2

1, FS Device
-40to 125

1.810 5.5

28

Yes

14

Figure 20 - PIC18F24K50 Spec [13]
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5. Design

5.1. Schematic Design

Below is the finished circuit for the vehicle data acquisition system. The circuit was designed on

Proteus.
d 2 5};{(‘
1 = PR =T = s
e - EHEi
l&_'l = ::iu:: %3. Ris ; RO ALY SORCAMRS
T EE e 2
i e it

Figure 22 - Full Schematic Design
This below circuit is the power for the system. It has a 12V battery fitted, when turned on it will

supply any sensors that require 12V. It also supplies a voltage regulator, this regulator requires a 7-
35V input and a ground, and it will output is a regulated 5V. Capacitor C2 is a filter and capacitor C3
is a tank capacitor that will store some voltage if power is lost. There is a 5V output for when it is
switched on there will be a constant supply for all sensors that require a 5V supply. A start button
has been fitted so that a 5V pulse is sent to the PIC to tell it to come online. R15 is a pull down

resistor so that the signal doesn’t float.

12y U4 START
L/
11 308 ——— oI~ AICVCEC
2 i Vo 3 P +5

° B
®° ONIOFF g|
\ SW-SP3T
[ = Sy S S R15

=+ BAT1 100nF 10uF 10k

1 s

28

Figure 23 - Power Distribution
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Here is the circuit for all of the 4 wire potentiometers. FR1

is the front right tyre, FL1 is the front left tyre and so on.

The potentiometer is the sensor, it has a 5V supply and a

ground. On the output there is a resistor and capacitor

which act as a low pass filter. The Zener diode is added to

clamp from over voltage.

P152106

RV1
Rl 1=
= J_ L3
D (]
1 WTBLA T o
o
Rv2
L] R2
 — =Tl
. o 2t
D2 G5
" INTS1A T 10087
5
Rv2
* "Ra o am
¢ & a8
D3 CH
T TBA T 20008
-
Rv4
L] R4
1 >
: & 1
% D4 Gr
Lt INTBLA T H00nF

Figure 24 - Suspension Movement Circuit

Here is the circuit for the engine surface temperature. The block drawn is the sensor, it has a 12V

supply and a ground. The sensor outputs 0/5VDC so again on the output there is a low pass filter and

Zener diode to clamp from over voltage.

+12V

INFRARED RO
SENSOR — [== TEMP
100R
NDs L Cf
N | INTS1A 100nF

Figure 25 - Temperature Sensor Circuit
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Here is the circuit for the gyroscope. The
2V
block drawn is the sensor, it required a 4,

12V supply and a ground. It also needed a ~ svroscore R10
. —1 > FricH
separate core for each of the signals. The 100w _L
gyroscope also output a 0/5V signal so ,'if:;m ?ﬁf
again on the outputs there is a low pass
filter and Zener diode to clamp from over R11 Tq)
voltage. o — _L PLEE
D7 cg
ANTEIA 100nF
R12 i
_'mm: l L A
Da c10
ANTEIA A0CnF

=

Figure 26 - Gyroscope Circuit

Here is the circuit for the RPM & MPH sensors as they are using the same type of sensor. The sensor
is a photo electric sensor. It has a 5V supply and a ground. The datasheet specifies that the pull up
resistor must be 4.7K. Again, on the output there is a low pass filter and Zener diode to clamp from
over voltage.

—> &

U2 U3
1R o] 4 OPTICAL 1[r c 4 | opmca
* K SENSOR # |< SENSOR.
2 3 I 1 2 3 !
- 4 = MPH o % = RPM

140 47K
1NTS1A | 100nF 1N7S1A 100nF

PCBIT PC&17
R R6 l R7 RS l
D10 ci2 S e D9 _|_ cil

Figure 27 - RPM & MPH Circuits
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The specification states that USB is needed to connect to
a computer. A USB is a bi-directional device but it also

J1

P152106

needs a ground and the VCC will come from the

computer when plugged in.

SDICLK [>—]
SDCARD @@

Figure 29 - SD Card Configuration

pieD as

VCC

1
>—
D- m D-
GND
| UsB

Figure 28 - USB Configuration

The specification states that the system must store
collected data to a non-volatile memaory. An SD card is
used. The SD card needs a digital input from the PIC and
also a separate digital signal to output to the PIC. It needs
a SPI clock rate to be sent from the PIC to synchronise and
also a chip select which is a reference signal so the PIC can
begin to write to it.

There is two LEDs for the system. The first is fed from the

12V power signal after the switch to indicate that the

LED
power is on. The second is to indicate that the PIC is e
running. The resistor calculations is as follows: v
Ria= 2725 a5
~025x10—3 R14 [ R13
380R 100R
R13 = ——25__ _ 1000
T 0.25x10—3
gy D12 SN/, D11
POWER ON

Figure 30 - LEDs
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The PIC needs the 470nF on pin
VSUB3V3 to stabilise the voltage
regulator output voltage for the
USB. A capacitor of 0.1uF is
added between VDD and VSS.

P152106
U1
FRi[ R 4AND 1CKUSOSCO [————> LED
FLI[ FAVCIZINI-IAN1 RC1IOCCHCCPYSOSGI [t
BRI [ R JTVREF.  RCZICTPLSPIA/CCR1IOCCHAN14 | — WY
B o Ermmmm
WEH RA4CIOUT/SROTOCK 0-0CCS (12 B
5055 <} | RCENOCCHTAICRIANIE
RPM == RCTISDONOCCTRUDTIANTS T ——
USS = RATICLKIOSC
SOOI -ﬂ—g; REMNTOFTTISRISOUSDAANIZ
SO/CLK RBINTP C/SCK/SCUCIZINGANTD
ROLL [>———=1— RB2INT2CTEDIPIEIANE
soo0 /S0 s
TEMR RB4NOCE4PDIAN1T o CI'IIﬁ ATl
PITCH RBS10CESMICKUTIGINIZ VSUBSVE
FBSI0CEBPGE : ]
RETNOCBTPGD TR B 5v
PIC1SF24K50

Figure 31 - Microcontroller

32




Electronic System Design P152106

5.2. PCB Design

The schematic design that was completed in Proteus was transferred onto EasyPC so that the PCB
design could be completed. Below is an image of the finished schematics on EasyPC.

T

%L

:

i

. F

=i
.|
?

Figure 32 - EasyPC Schematics
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Below is the finished PCB design for the system. The first image is to show that there are now no
errors in the design after running a design rule check.

Results

und
Accepted Errors already in the design
wind

Settings

11

Figure 34 - PCB Top Layer View
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Figure 35 - PCB Bottom Layer View
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Figure 36 - PCB Composite View

P152106
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It’s easily noticeable that the PCB does not have drill holes to be able to fix the PCB inside the box.
This is because the PCB will be mounted using sticky pads. The connectors were kept to the outside
of the PCB to avoid disrupting anything on the PCB. The USB and microSD ports are on the outside of
the PCB to allow for easy access.

Figure 38 - PCB 3D Top Layer View

Figure 37 - PCB 3D Bottom Layer View
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7. Design Flow Chart

The design flow chart indicates that when the system has starting it will log for 2 hours. If it has not
logged for 2 hours it must start logging every 0.5 milliseconds for suspension movements. Once it
has done that 5 milliseconds then a reading for pitch, roll and yaw must be taken every 5
milliseconds alongside the suspension movement readings. Next, readings must be taken for RPM &
MPH every 0.5 seconds and then temperature readings every 30 seconds. All these readings are
constantly being taken until the system has been running for 2 hours. The system is then finished
after it has taken 2 hours’ worth of readings.

SYSTEM START

ﬁ

SYSTEM FINISHED

SUSPENSION
MOVEMENT

PITCH, ROLL &
YAW

NO |4

RPM & MPH

TEMPERATURE

Figure 39 - Design Flow Chart
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8. Prototype Build Cost

Below is the list of components used and cost of each component.

P152106

Part .
Component Manufacturer Number/Component | Quantity Prlce.per Notal
D unit Cost
Wire CD50-0750-RO1K-L25-
Potentiometer BE| Sensor L4-IP67 4 £205 £1580
SEMpEratiin Omega 05136-1-V1 1 £172.80 | £172.80
Sensor
Gyroscope Texense GYRN3-S-X-Y-Z 1 £1460 £1460
Speed Sensor compact Mini VLS 111 2 £285 £570
Instruments
C t
Reflective Tape ompac RTS 1 £25 £25
Instruments
Suspension
Movement Panel RS Pro 124-6706 4 £8.13 £32.52
Mount Connector
Suspension
Movement Cable RS Pro 124-6740 4 £13 £52
Connector
Engine Temp Panel | o 4 Lo rison 120234-0001 1 £20.09 | £2009
Mount Connector
Engine Temp Cable .
Brad Harrison 120233-0017 1 £18.67 | £18.67
Connector
Gyrascopabandl | o i yosicon 120234-0003 1 £19.89 | £19.89
Mount Connector
Gyroscope Cable | b 4 Larrison 120233-0021 1 £20.03 | £20.03
Connector
MkilrancliVioust Hirose LFO7WBR-3P 1 £5.54 £5.54
Connector
MPH Cable Hirose LFO7WBJ-3S 1 £6.32 £6.32
Connector
RERdIFSnelMeunt Hirose LF1OWBRB-4P 1 £7.08 £7.08
Connector
REMCabis Hirose LF10WBPD-45 1 £1322 | £13.22
Connector
Case Peli IM2075-01001 1 £68.39 | £68.39
Battery 5.2Ah Battery Space BL-4PL896474-FPC 1 £119.30 | £119.30
PIC Microchip PIC18F24K50 1 £1.25 £1.25
Green LED Kingbright L-813GD 1 £0.10 £0.10
Red LED Kingbright L-813SRD-C 1 £0.20 £0.20
Toggle Switch RS Pro 734-7154 1 £1.32 £1.32
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Momentary :
kot Grayhill 30-3 1 £2.32 £2.32
100Q Resistor RS Pro 707-8827 9 £0.035 | £0.315
10KQ Resistor RS Pro 739-7130 1 £0.021 | £0.021
4.7KQ Resistor RS Pro 739-7121 2 £0.021 | £0.042
140Q Resistor Vishay MRS25000C1400FCTO0 2 £0.063 | £0.126
383Q Resistor Vishay MRS25000C3830FCT00 1 £0.06 £0.06
470nF Capacitor RS Pro 711-1110 1 £0.083 | £0.083
100nF Capacitor RS Pro 711-1396 11 £0.018 | £0.198
10uF Capacitor RS Pro 711-1425 1 £0.029 | £0.029
Zener Diode Tawan 1N4751A RO 10 £0.045 £0.45
Semiconductor
5V Voltage Nigkas LM4040DIZ-5.0/NOPB 1 £0.57 £0.57
Regulator Instruments
2 Pin PCB
o JST $2B-ZR (LF)(SN) 3 £0.36 £1.08
bl JST ZHR-2 3 £0.046 | £0.138
Connector
3 Pin PCB JST $3B-ZR (LF)(SN) 4 £0.27 £1.08
Connector
3 Pin Female
JST ZHR-3 4 £0.032 | £0.128
Connector
4 Pin PCB
A JST 54B-ZR (LF)(SN) 1 £0.29 £0.29
= HiRemals JST ZHR-4 1 £0.039 | £0.039
Connector
5 Pin PCB
o JST $5B-ZR (LF)(SN) 1 £0.13 £0.13
5 Pin Female JST ZHR-5 1 £0.066 | £0.066
Connector
6 Pin PCB
Bocraio: JST S6B-ZR (LF)(SN) 1 £0.16 £0.16
6 Pin Femala JST ZHR-6 1 £0.069 | £0.069
Connector
7 Pin PCB
Conmeio JST $7B-ZR (LF)(SN) 1 £0.17 £0.17
#inikensls JST ZHR-7 1 £0.11 £0.11
Connector
Crimps JST $ZH-003T-P0.5 o P:‘E}k of | 120 £1.20
USB PCB Mount | TE Connectivity 292303-7 1 £1.94 £1.94
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USB Panel Mount RS Pro 124-6392 £4 £4
USB A to B Cable RS Pro 815-8466 £1.25 £1.25
Mim;z&::d RCB Molex 503398-0891 £1.05 £1.05
Mic;‘izskoqgard ATP AF512UDI-ZADXM £1082 | £10.82

The total cost for the prototype would be £4220.44.
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9. Improvements

This report has covered the task of designing a microcontroller based vehicle acquisition system. The
research completed at the beginning of the report shown information gathered on other systems.
Other systems used Bluetooth and Wi-Fi to allow for easy access to your data as it’s a wireless
technology. This can be used to transmit the data of the test, sending the data online and for
configuration.

Another improvement could be to add GPS to the system. The use of GPS in automotive testing is
now very common. GPS is used to measure different variables such as speed which leads to
incredibly accurate speed measurements.

Some systems use a LCD Screen to display real time results; this could be something that’s looked
into net time instead of only using two LEDs to indicate power on and running.

All of the existing systems were small compact housed systems that were made specifically for that
systems. An improvement would be to design a housing to fit the system that has been created
instead of selecting an enclosure to modify.

Most of the components on the PCB design are through hole, if the project was re-done then it
would beneficial to use surface mount components instead. This would allow the PCB to be
manipulated further to be smaller in size. If the board was mass produced this would save a lot of
time for manufacturers to design and assemble boards for the fraction of the cost of through hole as
holes need to be drilled for through hole components [8].

If the task was to make a system that was very cost effective then the system costs could be
decreased massively by sensor selection as the sensors were the most expensive part of the system.
A comparison was completed that outlined the best type of sensors for the application but a cheaper
option could have been satisfactory. For example, a MEMs gyroscope or accelerometer could have
been used instead or a thermistor for engine temperature to save on hardware costs.

On the whole the project has been a success as it has done what it was set out to do although if the
same task was to be completed again the above improvements would be considered.
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64.4

RESEARCH-INFORMED LITERATURE

(

yﬁr

Literature review is reasonable, manufacturer
information is well presented with a good
comparison table of relevant information. A little
more information from the manufacturer would be
an improvement. 62%

KNOWLEDGE AND UNDERSTANDING

6.2

(

yﬁ

Good overall schematic design but a few problems
can be seen. The pic requires constant power once
powered up, the circuit shows the pic being
powere3d via a push button- the pic will power down
when the button is released. All inputs share a
common design of voltage clamp except for the
optical sensors. The zener diode should be
connected via a small resistor to avoid the
possibility of damage to the zener via a large
current in a fault state.When switching an Led from
a pic it is good practise to have the pic sink the
current rather than source it, a pic may provide
20ma per pin but it can sink 25ma. 58%

ANALYSIS

14.5

(

yﬂr

Good selection of microcontroller. Good selection
of sensors showing calcs for eash one with a very
nicely laid out table showing the selection of
sensors to be chosen from. Good case selection

22.75



but there is no discussion or reflection of other
cases. Good selection of connectors but again
there is no discussion or reflection of other
connectors 65%

PRACTICAL APPLICATION AND DEP.

(

y“ Costings nicely put forward as a table with price and
supplier of component. Good attempt at future
enhancements, better time management would have
made for a better result.65%

SKILLS FOR PROFESSIONAL PRAC.

13

(

y‘ The report is well presented with very well presented
tabled data and structure diagrams. A good
selection of references. 80%
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