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Introduction

In this report a microcontroller based automotive data acquisition system will be designed, with the
intention of fitting the system to a prototype production car. The brief states the DAQ system will be
implemented in the testing of a vehicle being produced for the family saloon market. However, the
system must be re-usable, portable and adaptable for any class of vehicle.

Data will be collected over a 2-hour test track run to determine if the vehicle design is able to pass
production vehicle safety assessments (such as Euro NCAP) and that the vehicle is able to provide a
comfortable means of transport.

Page 4 of 31




1€ jo 5 a8eq

suabfio] pIoQ ajayan ajgojiony Ajoirsawwo) Jo ajgoy - T ajqo]

s|auuey) ||e uo uoije|os| A 000T

sajed Suidwes
indur sjgeniea yum synduil Sojeuy g

uonaajo.d
23e3|0A JUBISURI] pUB BSIBADY

ZHOT
1e Suluuni Jossado.d 3102 penp

3|2IYaA Ul UOIHIO)SIQ [BWJAY L
saziWIulN — uonedissiq Jamod Mo

21e4 Buldwes zH 0g
03 dn je suoipauuod adAy-y g 03 dn

uondwnsuod Jamod pAT. MO Auap

a8eJo1s pue agesn
NdD 40} INVYS paxdeg-Aialieq giNy

uonesauasd jeay
[ewiuiw — uoirdwnsuod samod-moT

sindul M

pue |eyi8ip ‘Sojeue ‘sajdnojowiayl
}0 u01323||02 pue dn-1as

)2Inb e asinbau jeyy suoneadde o

adueualulew
aAiaIpald pue sonsoudelp
‘51591 pJal} Q'Y ‘Sdllewa|a} o} |eap|

"SUO[IIUNY SWos 4oy 2150|

A €€ 10 A G J0) saied ul 3|qeandijuod
aJe sjeulwJa] “indino pue indul
|eni8ip Joj a|qeanSipuod Sjeuial g

P31 @Y1 ul asnge axe} 03 paginy

elep pJodaJ 0} J3y1a80) paoauu0d
3q ued s3a|NpPoW SaLas-y a|dinw

22.n0s uado
3 9344 %00T 24 S|dY/3Jemyos

3|qe|leAe 5|02010.4d 19UIajUI [BIAAIS

sindui Josuas apiyan
Jo sjpuueyd Ausuap-ysiy pog o1 dn

sNg NVD
a1 uo Ajjeaipouad pajiwsuen si
Blep 1UAWBINSEAW JOSUIS 31E4NIJYy

NINI/SSND S3pNnjoul 331A3p 3y L

siajuno3d asind g

|auueyd
yoes 1o} uoinesuadwod |e13Ip
Aseyaiidoud Buisn ajeanaoe Ajysiy

S3|NPOW UOIIBIUSWINISUI
S3LIas-) J3YI0 ||B YUM 3| eIe]S

Janas
umo anoA o1 exep ysnd Ajaunaas
01 Dy/OE $asn 22IA3p 12edwod ay )

spiod a8e.03s elep
150y gSn pue gso.diw pue syod
SUOI}EIIUNWIWIOD JO aSued apip

9|qens|juod

plexgsgo gue

J. 68 01 dn saunjesadwal pue Ajisea ||e aue sajes Suljdwes 01 elep NyD padwelsawl) spiodal Jeah uad
2IN}SI0W — SJUBWA|3 3Y} SPUBSYIIA pue uoneuqies ‘sguillas sng NYD 19830 NII/NVD Aejd g 8nid ay ‘ulw €F Adeanaoy 20| awi | -|eay
w1 SVAA SUAPIIBA By ] [£1X09-) Peg-NINN [€93PINVI 0T LINVHO

8E/TT1¢

SW91SAS DVQ JB[NJIYDA 9|qeliod

sy@9H yoer




Jack Heeks 2111738

Component Selection

Measurement sensors
Speed Sensors

Reflective optical sensors will be used to take engine and vehicle speed measurements as thisis a
non-intrusive method. Using a laser allows for non-contact measurement and utilising a reflective
sensor ensures there are no modifications required to the any components, as would be required for
a beam break optical sensor to work, a reflective strip can be adhered to the cam wheel or belt and
break disk to provide an engine and vehicle speed measurement.!!

Optical sensor measurement is preferred to mechanical, inductive, or magnetic. Mechanical sensors
were discounted due to the issue of wear during use as this would create the issue of needing
replacing and data not being collected when sensor components are excessively worn.

The inductive and magnetic sensors typically require the use of a permanent magnet to interact with
and provide a signal as it passes the sensor head. This however requires a magnet to be fixed to a
rotating object which poses a risk to the engine should it come loose and may cause the rotor to

become unbalanced and pose a greater risk to the engine [® I

The speed sensor selected is the GL6G-F2411V, this is a red laser retroreflective photoelectric
sensor. This sensor was selected for its fast response time of up to 625us, this allows the reflector to
be placed on any rotor on the car or engine ensuring that this sensor is versatile as a measurement
sensor for all vehicle tests for instance large RPM values expected from motorcycle engines or the
high-speed wheel rotations of high-performance cars.

Temperature Sensors

In order to obtain temperature measurements without damaging the engine requires the use of
adhesive thermocouples or infrared temperature sensor these will only measure engine casing
temperature but are non-intrusive, unlike the typical methods which require alterations to the
engine components.

Thermistors are great all round measurement devices but are slower to react than the other devices
and have small thermal operating ranges, installing this sensor onto an engine may involve
alterations to engine casings and components or leave permanent traces in the engine bay.[# ]

Thermocouples and Resistance Temperature Detectors have large ranges and high resolutions, with
thermocouples offering faster response times, a smaller surface area and the ability to measure
much higher temperatures and RTDs offer increased levels of accuracy, only require one point of
measure and are more cost effective to install. 1% 111 12

An infrared temperature sensor with inbuilt output buffer has been selected as the sensor of choice.
The sensor is described as fast acting and able to correct for ambient temperature, the output buffer
provides signal conditioning for driving signals over long distances. The part number is SA-IR200V6-
007
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Suspension Travel Sensors

The preferred method of suspension travel measurement is a wire potentiometer, becauseitisa
simple installation and a small package size compared to the linear potentiometer, it will provide
accurate and more reliable measurements than laser and ultrasound over the full vehicle speed

range and much cheaper than the RF ranging sensor option.!*3 (4

Other measurement options include linear potentiometer and contactless ride height devices. Linear
potentiometers measure the change in voltage over the length of the stroke, this means that the
potentiometer has to have a stroke length double the distance of the expected suspension travel to
ensure that the full travel is measured and not impeded. This means that a linear pot would be bulky
and may require involved mounting methods to obtain accurate and useful measurements. [*8!

Ride height devices can measure the distance!” of a fixed point on a vehicle above a surface, there
are three common techniques:

Laser is the most common technique however it can be affected by environmental factors
such as water or atmospheric conditions.

Ultrasound is an alternative method however at high vehicle speeds the vibrations will
introduce white noise into the measurement system impairing the results.

An RF ranging sensor is a final alternative, but this is complex to implement, will be larger
than many of the other sensor options, and this type of sensor is expensive due to the
specialist components.

The selected part for this 5G1-120-2 a wire potentiometer with a stroke length of 120", this is to
enable a universal measurement sensor compatible with all lengths of suspension coil, shock
absorber and fork lengths, as well as measuring torsion bar deflection.

Positional Measurement Sensors

The selected positional measurement sensor is a Micro-Electro-Mechanical System Gyroscope!*® as
this sensor can measure all three axis in one rather than needing three separate accelerometers to
measure a single axis each. It is also a sensor package as opposed to a surface mount chip which
would need to have its own circuit produced or be integrated into the main circuit, a standalone
sensor allows it to be mounted freely and easily to any point on a vehicle.

The selected sensor is the Model 633-050-500-120, this sensor is an analog device with the ability to
measure 6 degrees of freedom — linear and rotary motion for the roll, pitch, and yaw — using rate
sensors and accelerometers to measure the acceleration and angular velocity of the vehicle under

test. This ensures that the relevant data can be collected for the briefed testing and for future use
cases the system will be able to measure rotational motion of a test vehicle; such as car body roll,
motorcycle lean angle or off-road vehicle situational angles.
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Microcontroller Selection

Requirements
8 analog inputs
2 digital inputs
4 pins for a microSD card
4 pins for power
1 pinfor a power button
1 pinfor an LED output
2 pins for debugging device
4 pins for 10 device
32MHz operating frequency

22 pins minimum

1kB RAM minimum

32MHz Frequency minimum
8 Analog input pins minimum
USB communication

SPl communication

Selected Microcontroller
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Figure 1 — Microprocessor Selection Parameters 1
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Figure 3 — Microprocessor Selection Parameters 3

Based on these parameters the PIC18F family of microcontroller is the most suitable chipset. The
PIC18F chips are significantly more powerful than previous PIC series and can be programmed using
the C language unlike other PIC series due to larger memaries, they are also faster operating. The PIC
selected is the PIC18F24K50.

The selection has been determined by the system requirements and the properties as follow. The
first digit 2 indicates 28 pins, the second should be greater than 2 to exceed 4kB of chip FLASH
memory, the third digit 5 ensures USB compatibility, and the fourth digit ensures it is the more
modern PIC type. K in the part number indicates the mid-range type offered as a compromise
between the premium PIC18Fxxxx and the low-cost PIC18Fxxdxx?*L
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Connectors

Deutsch automotive connectors will be used to connect sensors where necessary but most of the
sensors are manufactured with cables fitted and an IP67 rating of Ingress Protection. This type of
connector was chosen as these are rated for the automotive industry and suited to the conditions
expected during driving. An Eaton (Souriau) Free Plug/Cable Mount Motorsport Circular Connector
will be used to mate with the connector of the temperature sensor as there is already the male
connector built into the sensor package.

Molex PCB header pins will be used on the circuit board, they will be shrouded to ensure they have a
lockable mating interface so they are unable to be worked loose through vibrations produced during
testing, different series of connectors per sensor will be used where necessary to identify different
sensor connections should they have the same number of ports. A microSD holder and USB-C
connector will populate the PCB for data communication and storage, these connector types were
chosen for the small footprint desired in embedded system applications. Along with the sensor
connectors a panel mount USB-A female to USB-A female connector has been included to connect
the PIC to the computer when it is time to read the test generated data.

Enclosure

IP67 — Dust tight and Submersion up to depth of 1m (30minutes)

IKO7 — protected against 2 joules impact. Equivalent of 0.5kg mass dropped from 400mm above
impacted surface

Durable Polycarbonate material
Lightweight

Plastic for electrical isolation for user and microcontroller, this ensures the user cannot receive
electric shock and the microcontroller and other ICs cannot be damaged by stray voltages coming
into contact with the enclosure.
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Circuit Design

Block Diagram

Temperature
Sensor

Vehicle
Speed Sensor

Engine Speed
Sensor
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|

|

|

|
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|
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|
I
Suspension j

(Wire pots)

Gyroscope |
I -

|
|
Clamping |
Circuits

Figure 4 — Circuit Functionality Block Diagram

Schematic
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Microcontroller
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R

2111738
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Figure 5 — Proteus Circuit Schematic
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Figure 6 — Easy-PC Circuit Schematic

PCB

The PCB design has been split into power management and signal processing functionality; the
power management has been populated on the bottom layer of the board as the components are
surface mount and therefore need the tracks to run short distances along the outer layer, header pin
connectors have also been populated on this side of the board to ensure no damage to the ICs while
connectors are being plugged in during assembly. Then the signal processing is handled on the top
layer of the board where all of the surface mount operational amplifier and the PIC chips are
populated, the signals are transmitted over very short distances on the top copper tracks and longer
distances through the middle two layers denoted signal 1 and 2. [

All of the copper layers have a OV copper pour to ensure signal integrity and reduce manufacturing
costs and reduce the effects of warping due to thermal expansion. This also acts to shield the signal
tracks from electromagnetic interference which could alter signals as they are transmitted across the
PCB.

All components are grouped by function and placed for efficient signal flow. Decoupling capacitors
are placed as close to ICs as possible and signal clamp components are grouped together to ensure
the signal integrity is maintained as it is filtered prior to the PIC reading the data. wherever possible
manufacturer power suggestions and application circuits have been adhered to ensure the correct
and efficient operation of all components. 1°!
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The operational amplifiers have been selected based on the type of signal and number of incoming
signals. The digital speed measurement signals are only conditioned by the clamp as this performs a
low pass filtering effect, alongside its intended purpose of changing the DC level of the incoming
signal to the desired level. Therefore, any high frequency interference will be negated during this
clamping phase. For all analog signals that are being received there is the operational amplifier
provides on board signal conditioning, two types of operational amplifier have been selected for this
circuit.l?®!

The standard operational amplifier type has been used to condition the signals for the temperature
sensor and the wire potentiometers, these have been set up as voltage follower (or buffer) — the
intension is that the output signal is used to clean the input signal. Operational amplifiers have good
isolation between the input and output signals, as such a buffer style circuit allows the high-
impedance input signal to be compared directly with the low-impedance output signal — as this is a
unity-gain amplifier circuit — without the electrical load affecting the input signal. The temperature
signal has been isolated from the other signals as it has a single channel operational amplifier,
whereas the wire potentiometer signals have been grouped and placed onto a single four channel
operational amplifier. This has been done in an effort to group signals and reduce the footprint of
the board by reducing the number of components needed.[?’ [28

The second type of operational amplifier used is an instrumentation amplifier. This type of amplifier
is used for differential signals, so it has been implemented for the differential axis signals produced
by the gyroscope sensor. The incoming positive and negative differential signals are fed into the two
input channels of the amplifier which are the non-inverting inputs of two separate operational
amplifiers the outputs of these amplifiers are then fed into the two inputs of a single operational
amplifier to combine them into a single output signal. A three-channel instrumentation amplifier has
been selected to host the three differential signals as this reduces the footprint of the PCB by
reducing the number of components and tracks.!”

Figures 7 through 10 shown below are screen captures of the PCB layers showing the variety of
techniques utilised to design the PCB, through hole components for connectorised components for
longevity of the board through multiple uses, multiple layers to separate power and signals track as
well as components, and the use of vias to route tracks between layers to service surface mount
components. A description of the PCBs function has been written onto the top copper to ensure it
can be correctly identified and a description of the function of the top and bottom layers has been
added in copper to the respective sides of the PCB.
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PCB Top Layer

Figure 7 — PCB Top Layer Top Copper
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PCB Inner Layers

Figure 8 — PCB Inner Layer Signal 1
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Figure 9 — PCB Inner Layer Signal 2
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PCB Bottom Layer

Figure 10— PCB Bottom Layer Bottom Copper
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Software Design and Structure

Software Structure

2111738

-

set up interrupt

set up internal
timer2 SDus count

store data as individual
suspension variables
and reset count to 0

store data as gyro
wvarable and reset
count to0

Figure 11 — Code Structure Flowchart

store data 35
Tempersture varisble
and reset count 1o 0

LI==

store data 35 engine
and vehicle speed
varizbles and reset
count to 0

set up SP1
OMmmUNCaton
protocol

set up interrupt
flags for data send
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Speed Sensors Temperature Sensor

variable: counter

- increment
counter

NO

Gyroscope Sensor

declare
variable: counter

& | increment

NO

counter

2111738

Suspesnsion Sensors

declare
variable: counter

08

n increment

is counter =
1,000

counter

z
=]

YES YES YES YES
reset counter reset counter reset counter reset counter

Figure 12 — Counter Flowchart

Data Structure

Deliminator
MPH
Susp3 Suspd
iBe [1Bte [1Bte [iBge [iBte [iBye [1Bte  [iBste  [iBse
14Bytes 1Byte

I 15Byte Data Package

Figure 13 — Data Structure
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System Improvements

Listed below are some areas that should be addressed for a future system redesign as these points
would all improve the system functionality and usability.

* Screening/ Shielding
Ensuring all cables from the sensors are shielded will help to ensure the integrity of the signals being
transmitted as they would not experience interference from external sources, using an RF screens
enclosure would also increase the EMI resistance of the system ensuring the PCB and components
are isolated and remain unaffected by external interference while being conditioned and processed.

e Variety of Connectors
To ensure sensors cannot be plugged into the wrong connectors a range of different connector
types, shapes, and series — this applies to both the enclosure and PCB connectors. By having the dif-
ferent connectors there is only one very clear way of setting up the system as each connector has an
obvious one to one connection as there would be no possible other connection options. The would
be most applicable to the three pin connectors on the enclosure for the wire potentiometers and
the temperature senor and the speed sensor PCB header pins as these are clear examples of con-
nectors that could be misconnected with the possibility of the speed connector becoming damaged
by this misunderstanding.

e Single Supply Voltage
A single supply voltage system would cost less to produce as it would not require two batteries and
as such would also be smaller and lighter to mount. By eliminating the need for a negative voltage
supply the PCB size and cost can be reduced by removing the negative voltage regulators the design
meaning the parts cost and the PCB manufacture cost is cheaper as there are less components nec-
essary to build the system and the manufacturing processes are reduced with the size reduction.

* Operational Amplifier Considerations
Consideration needs to be made to the use of the selected operational amplifiers. For instance, the
selected operational amplifiers may not be operating as effectively and efficiently as possible to best
condition the signals provided. An increased bandwidth or slew rate may be required to improve the
signal conditioning and the multi-channel operational amplifiers may experience cross talk or ther-
mal effects while operating which could degrade the signals. Multi-channel amplifiers also suffer
from PCB layout and track spacing concerns due to the number of tracks and components that could
be required to perform the signal conditioning.

e Gyroscope
The chosen gyroscope sensor is a rate and acceleration sensor, this combined sensor allows for 6-
axis measurement of motion therefore the system could be developed further and greatly improved
by utilising this capability — allowing for more data to be gathered during the test. The functionality
for the gyroscope is partly designed into the system with the two enclosure connectors for the gyro-
scope, however the PCB only has one connector for the gyroscope as such a second connector would
be added to the board along with a second 3 channel operational amplifier and accompanying clamp
circuits. With slight modification the system would then be capable of gathering more data during
the test to aid in producing a clearer portrayal of what is happening to the vehicle during the test.
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Data Sheets of selected IC components

LM78LOSACMX_NOPB

LM79LOSACMX_NOPB

ADP122AUJZ-3.3-R7

OP27GSZ-REEL7
AD8295ACPZ-WP
LM324AD

PIC18F24K50-1 SO

Data Sheets of selected measurement sensors
GL6G-F2411V

SA-IR200V6-0077

SG1-120-2

Model 633-050-500-120

2111738
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All other measurement sensor data sheets
Speed Sensors
GL6-P4211
SD-VOP02-000

MiniVLS 111

Temperature Sensors

SA-TK02-000-DINA4

SA-WPxxxxHQ-000

SA-WP0038HQ-000

Gyroscope
ADXL354/ADXL355

XV- 8100CB
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RESEARCH-INFORMED LITERATURE

[

f Good literature review of available systems with a 6 7
fairly good comparison table of relevant .
information.67%



KNOWLEDGE AND UNDERSTANDING

[

y‘ Your schematic diagram is good but there are a
couple of issues. The 7805 regulators need a tank
capacitor of about 10uf in addition to the 100nf
caps you have. Your PCB has been routed but
there are many errors, you need to use the PCB
checking tools.. A very good attempt 78%

ANALYSIS

19.5

[

y‘ Good selection of microcontroller, questionable
selection of the enclosure as there does not
appear to be sufficient room for the battery and
no protected place for the bulkhead connectors.
Good selection of sensors and given the nature of
suspension reading and the high likelihood of wet
an IP rating of 67 is sufficient. A 100nf cap should
be placed between the power lines as close to the
microcontroller as possible. Your connectors are
reasonable .70%

PRACTICAL APPLICATION AND DEP.

24.5

[

y‘ your costings are nicely tabulated and carry
supplier and part numbers. Good attempt at
future enhancements. 78%

SKILLS FOR PROFESSIONAL PRAC.

15.6

[




y“ The report is well presented with some good 7 7
explanations of choices and images. Excellent .
selection of references. 77%



