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Abstract

Analysing the given specification a data logger has been designed capable of
measuring certain dynamics of a production vehicle whilst on a test track, research into vehicle
data loggers concluded with a host of different products providing various data collection
capabilities and a multitude of software packages to analyse the data. Various sensors have
been critically analysed and compared before choosing the one deemed appropriate for this
system.

Procedures were followed to correctly identify a suitable Microcontroller and studies of
various enclosure designs were performed before concluding on the “UnioBox 2”. Suitable
connectors have been sourced along with a battery capable of powering the system for a
minimum of 2 hours.

A circuit block diagram has been designed before Proteus VSM was used to create
the initial schematic, appropriate datasheets were consulted to aid with this. Easy-PC was
used to create a schematic capable of being translated to a PCB, this involved using surface
mount components and the correct symbols for the chosen connectors, this schematic was
translated to a PCB and all components were placed with copper tracks routed to their

respective connections, a ground plane was added using copper pour.

A basic program flow chart has been created highlighting the sample time for each
sensor as per given specification, a bill of materials has been included showing the
components used, suppliers and individual costs. To conclude a list of suggested

improvements can be found such as, GPS, on board memory, wireless connectivity etc.
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1 Introduction

A vehicle data acquisition system designed around a microcontroller is required, the
type of vehicle is a family saloon production prototype car, the system must be portable and
adaptable to the point that it can be used on any type of vehicle. Data will be gathered over a
2-hour period whilst on a test track, the data will be used to confirm that the vehicle is operating

in a safe manner and conforms to acceptable levels of comfort.

1.1 Requirements

The following data collection is required:

* RPM.

s Engine Temperature.

« Front and Rear suspension travel (4 corners).
+ Pitch roll and yaw.

* \Vehicle speed MPH.

The collected data must be stored on non-volatile memory and be accessible to a PC
via USB.

The system must be portable and adaptable enabling it to be used on multiple vehicles,
it cannot tie into any systems on the vehicle including its power source.
2 Survey of portable vehicle data acquisition systems

2.1 Mobile Daquire System

Figure 1 shows a data acquisition tool called “mobile Daquire System”.




Figure 1 Mobile Daquire System [1]

The above Figure 1 shows a portable data analysis tool designed to provide engine
vibration and “torsional wind-up data" this occurs whilst simultaneously logging other data such
as voltages, GPS, CAN and Temperature [1].

2.2 Aim EVO04S Car Racing Datalogger

This data logging tool in Figure 2 is designed for logging data from a racing vehicle.

000000 A
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Figure 2 Aim EVO4S Datalogger [2]

The data logger seen in Figure 2 has the ability to log vehicle data through various
ways, it can connect directly to an ECU via CAN, it has multiple connectors to interface with
various sensors, it has its own inbuilt accelerometer & gyroscope and there is expansion
modules available to increase the amount of I/O.

2.3 Data logger C 60

Figure 3 is one of many data acquisition tools produced by Bosch.




Figure 3 Data Logger C60 [3]

Bosch data logger C60 seen in Figure 3 is a small light weight data capture tool that
allows for synchronising ECU data as well as chassis data from 26 analog and 4 digital inputs,
extra devices can be added through CAN or Ethernet protocals [3].

2.4 VBox Lite

Figure 4 Video VBox Lite [4]

Figure 4 shows a VBOX lite which is a video data logging system, it comes with 2 bullet
style cameras, a GPS, a removable SD card for capturing recordings, 4 CAN channels that
can be upgrade to 8, its light weight and robust [4].




2.5 Comparison table for data loggers

Table 1 Data logger compatrison

Aim EVOA4S Datalogger [2] | Data Logger C60 [3] Video VBox Lite [4]

Multiple interface | Expansion modules 4 CAN channels, expansion to
connectors + expansion | available 8 available

modules

Inbuilt 3 axis Accel / Gyro | Small compact Light weight and robust

5, 12-bit ADC channels — | 26 Analog inputs Comes with 2 bullet style
0-5V, 0-500 mV, 0-50 mV cameras

2 speed inputs (wheels) 4 Digital inputs GPS

1 RPM input

ECU connection via CAN | ECU synchronisation with | Removable SD card
CAN

3 Sensor selection
Several sensors utilising various types of technologies for the data collection as per
requirements in 1.1 has been researched.
3.1.1 RPM

Table 2 shows three sensors for RPM, the technologies are, optical, inductive and
magnetic.




Table 2 RPM sensors

Monarch 6180-056
Optical Sensor [5]

Inductive Speed
Sensor IS [6]

Magnetic Proximity
Sensor [7]

Distance: up-to

Airgap: 0.8 mm =

Distance: <7 mm

1meter 0.3mm
3 -15 Volts @ Max output 190 V P-P | Max 175 Volts
40mA

RPM: 1 - 250,000

Max Frequency = 15
KHz

Max frequency 300 Hz

Reflective tape Ferromagnetic ring Magnetic reed switch
Detection Angle: Perpendicular Perpendicular

a5°

Stainless steel Robust plastic Plastic housing
Green LED 3 pins: Sig -, Sig + & Slow switching
indicator Screen

£240 £532.80 £13.82

The selected component for RPM in Table 2 is the Monarch 6180-056 optical sensor,
it is non-contact with a working distance up to 1 metre, can operate on a voltage as low as 3
volts and being housed in a stainless steel body ensures longevity in harsh environments.

3.1.2 Engine temperature
Engine temperature sensors seen in Table 3 consist of resistive, infrared and

thermocouple.




Table 3 Temperature sensors

,,,,, i

AEM Oil/Water AIM Infrared AT103 Cable temperature
Temperature Sensor | Temperature sensor [9] | sensor PT1000[10]
(8]

ACC:<15°C ACC: High ACC: High

RNG: -20to 1500°C | RNG: -20 to 120°C RNG: -30 to 180°C

Resistive Infrared Thermocouple

DTM style connector | Field of measure 35° Pt1000 resistor

12mwW/°C 17.21 mV/°C Needs signal condition circuitry
5 Volts 0 -5 Volts Micro volts

£53.52 £102 £7.26

The highlighted temperature sensor in Table 3 is a non-contact sensor that uses Infra-
red to sense surface temperature, its working voltage is between 0 — 5 volts which is ideal to
interface with a microcontroller, physical dimensions are compact measuring 26.6 x 17.2 mm,

available with cable length ranges from 250 mm to 3000 mm.

3.1.3 Suspension

Table 4 shows a laser height sensor and two variants of potentiometers.

Table 4 Suspension travel sensors

Laser ride height sensor [11] | KWP wire Potentiometer Aim Suspension
[12] Potentiometer [13]




Variable RNG: 200 & 500
mm

RNG: dictated by physical
device dimensions

4 KHz measuring rate ADC sampling rate

Resolution: Not known
0.8 KQ up to 11.7 KQ +20%
Supply: Not specified,

Resolution: 0.02 mm
1 -5 V output
Supply 11 - 30 V, 50 mA

assume low voltage

IP 67
Compact housing

Durable

Physical damage if
incorrectly fitted
£228 [13]

£1050

Within Table 4 the Laser ride height sensor and the KWP wire potentiometer are both
viable products, the reason for choosing the wire potentiometer is down to the supply voltage,
wanting to keep the overall supply voltage low then the selected component can work at the
same voltage as the microcontroller. A measurement range of up to 350mm is needed, the
model of KWP potentiometer chosen has 500mm range.

3.1.4 Pitch roll & yaw
Table 5 shows different sensor for pitch, roll and yaw these consist of single and
multiple axis as well as self-contained and surface mount options.

Table 5 Pitch, Roll & Yaw sensors

GYRO

Texense GYRN3-S 3 Axis | Aim Gyroscope 0-10G [15]
Gyroscope [14]

Supply: 5to 16 V, 16 mA Supply: battery voltage




3 axis: Pitch, Roll, Yaw

1 axis

Output: Linear 0-5V

Analog output

Upto 150 °/S

90°/S

Accuracy: 2%

Accuracy: Not known

Simple to use

Easy installation

£1,391.23[14]

£228[15]

The highlighted sensor in Table 5 has been chosen due to its low supply operating

voltage, it is small and compact even with the extra circuitry, it can be placed directly onto the

main PCB thus eliminating external connecters, it is fully customisable through software

including 3 axis acceleration and 3 axis gyroscope, it is cheap to purchase at expense of

development time.

3.1.5 MPH

Table 6 shows sensor that can be used for MPH, the chosen one is the same used for

RPM.

Table 6 Sensors for MPH

Wheel Speed Sensor [17]

AIM  Motorsport GPS08
Module [18]

Supply: 12 to 24 V, 20 mA

Supply: 12 V

QOutput: 0 V to Supply

CAN connections

Hall effect

Average 20 satellite lock

Requires metal target

Works best outdoors

Rise time: 15 psec

1 metre precision

Fall time: 1 pysec

Fast satellite lock

£35 [17]

£264 18]




To detect the speed of the vehicle then a non-contact optical solution is decided, this
is positioned to detect rotation of the road wheel, as itis a similar method to the RPM then the
same sensor will be used, this makes interfacing electronically easier and if one were to fail
then it could be temporarily swapped until a replacement has been sourced.

4 Enclosure

The enclosure chosen is supplied by “Lincolnbinns.com” this is seen in Error! R
eference source not found. below.

Figure 5 UnioBox 2, casing for data logger [19]

The “UnioBox 2" in Figure 5 comes in various dimensions it has slots inside for
mounting PCB’s and end plates are removable from both ends, the dimensions chosen wiill
take the 100mm wide PCB, the length of these enclosures are customisable, they do have
standard lengths of 80 mm, 160 mm and 220 mm the PCB outline is 100 x 80 mm, this will
allow the connections on the PCB to protrude through the end panels, an internal height of
74mm allows room for the chosen battery to be mounted internally.

Figure 6 below is the dimensional drawing of the “UnioBox 2".
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Figure 6 UnioBox 2 dimensions [19]
The drawing in Figure 6 shows the dimensions of the "UnioBox 2, this has been

referred to ensuring parts will fit correctly.

5 Microcontroller selection

To calculate the MCU clock speed the following Table 7 has been created.

Table 7 MCU clock speed

Component Clock cycles
RPM Optical 4
MPH Optical 4
Temperature
Infrared 4
Suspension 16
Gyroscope 12
Total clk cycles 40
Time period 0.0001
F=1/T =40 /0.0001 400000 | Hz
Minimum clock
speed 4 | MHz

In Table 7 the minimum clock cycles per component read has been inputted, the fastest
sample time being used is 100 pS, this is used as the “Time period”, a minimum of 40 clock

cycles will be needed within this 100 4S to read all components, using the equation “frequency

10




=1 /time"” a minimum clock speed of 4 MHz has been calculated, this does not include the

instructions needed for the rest of the program. The preference of the system is to be hi speed

first and power consumption second, therefore a minimum clock speed of 16MHz will be used.

The following Table 8 shows the number of input / output’s (I/0) and the different types

of modules needed to select an appropriate microcontroller (MCU).

Table 8 Microcontroller selection

Component
RPM Optical
MPH Optical
Temperature Infrared
Suspension
Gyroscope
Start button
LED Tell
MCLR switch
ICD
RS232
USB
SD card

Total pins
Analog
Digital
Total

Peripherals / modules
ADC
usB

SPI

12C

RS232

Program memory
RAM

CPU

Digital Analog

Modules

1 INT

1 INT

1 ADC 10 bit

4 ADC 10 bit

12C / INT

INT

Output

MCLR

PGD / PGC

RX /TX

USB: D+, D-, VCC
MOSI, MISO, CLK

[T R VS R N R S R e L )

19
24 .+ pwr

R S

1

24 KB
512 bytes
16 MHz

The program memory and ram sizes have been chosen through experience from other

assignments, the program is expected to be large, this is reflected by the minimum chosen

values seen in Table 8, this data was entered in to Microchips product selection webpage [20]
and narrowed down the search to two MCU'’s, Figure 7 shows the PIC18F25K50 and

P1C18F45K50.

11
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Figure 7 Microchip selection webpage [20]

Looking at Figure 7 it shows a column for “Max I/O Pins”, as the data logger needs a
minimum of 24 I/O pins then the PIC18F45K50 will be used giving 12 spare pins instead of 1.

Once the data sheet for the chosen MCU was consulted it showed that the surface
mount package seen in Figure 8 comes with 44 pins, therefore increasing the amount of spare
1/0.

Figure 8 PIC18F45K50 QFN MCU [21]

Figure 8 shows the PIC18F45K50 MCU chosen for this data logger, using this surface

mount package will help keep the design small.

Note: During the design of the schematic and PCB, minors changes have been made,
the Gyroscope is now configured in SPI mode, and the ICD connection has been removed,

these changes have not been reflected in the above Table 8.

6 Connectors & battery
6.1 RS232

RS232 connector will be a DB9 serial connector of female type shown in Figure 9,

12




Figure 8 DB9 PCB mount socket [22]

In Figure 9, the DB9 socket is chosen, this is a standard connector used for serial data

connections between compatible devices.

6.2 USB

USB connector is a micro USB socket seen in Figure 10.

Figure 10 Micro USB socket (SMD) [23]

The micro USB socket in Figure 10 is surface mountable on to the PCB, this standard

USB connection is small thus allowing the overall design to be more compact.

6.3 SD card socket

A micro SD socket has been chosen seen in Figure 11.

13




Figure 11 Micro SD socket [24]

Figure 11 shows the micro SD card socket, this is a surface mount component aiding

with the compactness of the design.

6.4 Sensor input

For the sensor inputs a 25-way right angle socket in Figure 12 is used.

Figure 12 25 way socket [25]

The socket in Figure 12 has been chosen, this enables easier expansion of I/O’s and
various types of loom configurations can be constructed to allow the chosen sensors to be

connected.

6.5 DC jack

The DC jack in Figure 13 has been chosen, this is a through hole 3 pin component.

14




Figure 13 DC jack [26]

Adding the DC jack to the system allows an external supply to the system should there
be an issue with the internal battery, it has been configured as such that if it is used then the

negative pole of the internal battery is disconnected from the circuit.

6.6 Switch panel mount
Figure 14 is a single pole single throw latching switch rated to 30 V DC.

Figure 14 Panel mount power switch [27]

The panel mount switch in Figure 14 has been chosen, a quantity of 2 is needed, one
of them will be the main on / off power switch with a 2 pin female header attached to interface
with the header pin (PL1) on the pcb this will be mounted on the end of the enclosure. The
other will be integrated within the sensor input loom to enable start / stop of the data recording

from the driver’s seat of the vehicle.

6.7 Battery

The battery chosen for this system is seen in Figure 15.

15




Lidon Rechargeable Pack
Rating: 7.4V 2.6AN 19.24Wh
coll and Assembly in China
e L e T pepp—
T onvevassrg wmst o sute
[ e
o

Figure 15 Battery, 7.4 V Lithium rechargeable [28]

The calculations for power consumption can be seen in Figure 44 Bill of materials and

is explained in detail there. This battery is a lithium rechargeable and provides 7.4 v and 2.6

Ah, the dimensions are “37 x 69 x 19 mm”, at current the circuit does not allow the battery to

be recharged internally although it wouldn't take much to reconfigure it to recharge through

the DC jack. The connection for this is on the PCB is a 2 pin header.

7 Schematic break down

The following chapter breaks down and details the schematic created in Proteus,

where appropriate the equivalent Easy-PC schematic has been added. Both Easy-PC and

Proteus full schematics have been added to the Appendices of this report.

7.1 Circuit block diagram

Figure 16 shows the circuit block diagram.

Power supply:
3.3v, 5v
L J * Y
Start switch Digital - | LED Tell
RPM Digtal - — uss
MPH pigital - Ak RS232
Microcontroller |~ il
Gyro spi N A—N SDcard
L o Ld

Suspension Apc

Y

Temperature apc >

Figure 16 Circuit block diagram
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The block diagram in Figure 16 shows a power supply circuit providing the necessary

voltages, this includes the power source and protection, the left hand side shows the sensor

inputs and a switch to start the MCU recording, the right hand side shows the outputs needed

as per specification.

7.2 PIC18F45K50

Figure 17 shows the PIC18F45K50 MCU being used in this design.

INT_2_GYR

T

10uF

Bl

7ATT\"- |

f

ko

|—|:L—-d vuse

vDD2
21— susepension_3_sic
T SUSPENEION_2_SIG
—22—] susPENSION_1_SIG
—L{> MCuU_Tx
22— meuRx

A el elel el
1t
M

i

Cs

INT_1,

u1
PIC18F45KS0-_PT

Figure 17 PIC18F45K50 circuit connections

In Figure 17 various labels have been attached to the pins of the MCU, these have

been named according to what component is being fixed to each pin. C12 has been added as

the datasheet [29] for this MCU recommends it. Also, the datasheet suggests decoupling the

power pins, this is seen in Figure 18.

17




MCU
& DECOUPLE | | 3

C13

0.1uF S

VDD1
VDD2

MCU
DECOUPLE

C1

0.1uF S

Figure 18 MCU decouple circuit

Figure 18 shows 2 decouple circuits, this MCU has a pair of power supply pins, the

values of C13 and C1 are recommended by Microchip.

7.3 LED tell

Figure 19 shows the circuit for the Green LED tell light.

LED TELL TALE

+5V

R9
13R

D8

LED_TELL

LED-GREEN

Figure 19 LED tell circuit

The LED has a forward voltage of 2.2 V and forward current of 25 mA this is connected

in a way that the MCU sinks current, R9 is the current limiting resistor of 113 Q, this is

calculated as such:

5-22
0.025

R=1120Q

18




112 Q is not a standard E24 value therefore 113 Q has been used which limits
current to 24.8 mA.

7.4 Power supply

As the system will need 3.3 V and 5 V then a power supply circuit has been designed,

Figure 20 shows this in Proteus.

POWER SUPPLY (7 - 15v)

L ]
ol
U4
3
GND ADNGND N
D9 our vouT 5V _L c4
1080015 LTINTCST c8 I 10uF
I 22uF
us =
GND [>—1—] ADWGND w2

our vout e +33v]

- Cc5

BAT1 : LTANTCST co 10uF

vy 20F
l— —

e —

i<l -

Figure 20 Proteus power supply circuit

Looking at Figure 20, “Linear Technology” voltage regulators have been used these

are low drop out regulators (down to 1 V), they can handle up to 15 V input and are capable

of supplying 800 mA each, consulting the data sheet it suggests either Electrolytic or Tantalum

Capacitors are used on their input and output, these aid with smoothing out voltage supply

lines and act as voltage reservoirs, they can be configured as variable or fixed voltages, U4 is

fixed at 5 V and U8 is fixed at 3.3 V. Before the supply input to the regulators there is switch,

a diode used for reverse protection a fuse for circuit protection and the battery. What is not

seen here is the DC jack connection, Figure 21 shows the schematic for this in Easy-PC

19




OLEr SUBDILYW

TIJI7CET-SRPBF

SE ___| f——=GND

Betiery Con

In Figure 21

Figure 21 Power supply in Easy-PC

“PL1" is used for the main on / off switch, “PL2" is for the battery

connection and “J2" is the DC jack connections.

7.5 Temperature sensor circuit

Figure 22 shows the temperature sensor circuit

TEMP_SIG

D3
MM5Z5V1T5G

ADCO-5v R3
C6 56R
100nF

+5V

S

>

AIM Infrared Temperature sensor

r

Figure 22 Temperature sensor circuit

The chosen temperature sensor works from a 5 V supply and outputs a range of 0 -5
V DC, Figure 22 shows the connections where the top input is the 5 V supply from the voltage

20




regulator, R3, C6 and D3 have been used as a clamp to supress any accidental over voltage
getting to the MCU, where R3 limits current flow, D3 will conduct to ground if the voltage
reaches 5.1 V or more and C6 to filter any high frequencies applied to the line, the label
“TEMP_SIG” is the sensor input to the MCU.

7.6 Suspension

Figure 23 shows the suspension circuit.

Suspension X 4

+5\ +5V
\v
ADCO-5v RV1
mLJ
SUSPENSION_1_SIG HED
D4 bt
MM5Z5VAT5G
&
+5y +5Y
Rv4 ADC0-5v RvV2
ADCO-5v R7 ° R5
SUSPENSION_4_SIG §] 1k SUSPENSION_3_SIG <J 1k
D7 D5 s
MM5Z5V1T5G | 100nF MM5Z5V1T5G A
o - o

Figure 23 Suspension circuit

In Figure 23 potentiometers have been used to show the connections of each
suspensions, these are supplied by 5 V, their resistance is 1 KQ and each one has an over

voltage clamp circuit, they provide an analog output range from 0 -5 V.

7.7 MCU start / stop circuit

To enable start and stop of data recording the circuit in Figure 24 is used.
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MCU START SWITCH 15V

o—._
MCU_ON

R8

4K7

Figure 24 Start / stop switch

The circuit in Figure 24 shows a SPST latching switch, when this is engaged it provides
a logic high (5 V) to the MCU, a 4.7 KQ resistor has been used to pull the line low when the
switch is off.

7.8 RPM & MPH

The RPM and MPH circuit uses the same sensors thus the circuit is the same, Figure
25 and Figure 26 shows this.

<5V
Le
Digital
MPH_SIG E I~ Monarch Opfical sensor (MPH)
56R
D2 C24
100nF
MM5Z5V1TSG -~
o~
Figure 25 MPH circuit
+5V
[
Digital
RPM_SIG il I~ Monarch Optical sensor (RPM)
1 e n i
1000F=T—
MM5Z5V1T5G L

Figure 26 RPM circuit
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Figure 25 and Figure 26 circuits are the same as in Figure 22 temperature circuit

except for the actual input pins to the MCU.

The Easy-PC schematic for the inputs is seen in Figure 27.

Figure 27 Sensor inputs, Easy-PC

In Figure 27 the connections to the 25-way connector is shown, the idea is to make a

loom and within this loom power and ground connections can be split between various input

components hence why there is only 4 pins for each supply, having spare pins allows for easy

expansion of other inputs should it be needed.

7.9 Gyroscope (LSM6DS3TR)

The selected gyroscope is a small surface mount package component, the voltage

range for the supply is 1.6 V to 3.6 V, Figure 28 shows the circuit for this.
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Figure 28 Gyroscope circuit

The LSMBDS3TR gyroscope requires extra circuitry to enable it to function correctly,

in Figure 28 C3 and C2 are decoupling capacitors as recommended by the datasheet [14],

this device can either be configured to work via 12C or SPI protocol. In this instance it is

configured to work as SPI, the 3.3 V is supplied by the 3.3 V regulator seen in Figure 20.

Figure 29 shows the gyroscope in Easy-PC.
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GND
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Figure 29 Gyroscope, Easy-PC
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Figure 29 is the Gyroscope schematic in Easy-PC, the capacitors “C12 & C13" are

positioned as close to this component as possible on the PCB.

7.10 SD card socket

Proteus does have a simulation model of an SD card socket, Figure 30 shows the

labels attached to the connectors. Note: Proteus hides power pins.

sp SD1

CS_SD_LV

Figure 30 SD card circuit

The SD card circuit seen in Figure 30 is in SPI protocol configuration, all pins are

connected to the MCU via a digital logic level converter seen in Logic shift section below.

Figure 31 shows the Easy-PC schematic for the SD card socket.

MMC

J3

104031-0811
DAT?2 CD/DATS3
CMD vDD
CLK vVsSs
DATO DATI1

Figure 31 SD card, Easy-PC

The connections for the SD card socket in Figure 31 show the data lines are on the

same net as the low voltage side of the logic shift.
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7.11 Logic shift (TXS0108EPWR)
This system involves components that work at either 5 V or 3.3 V, the MCU is 5V, the

SD card and gyroscope are 3.3 V, a digital logic shift IC has been incorporated to aid with

shifting the levels. Figure 32 shows the necessary circuit for this to work.

DIGITAL LOGIC SHIFT 12C & SPI (5v-3.3V)

R16 R17
o OE_1 D>—oi |—tq GND
5 120R 270R
U6
c16 111 enD OE
| INT_2_GYRO_HV [>—2— B8 A8 |—2——<] INT_2_GYRO_LV
0.1uF CS_GYRO_HV [>=——1i p7 A7 ﬁ CS_GYRO_LV
INT_1_GYRO_HV [>ti={ B AB INT_1_GYRO_LV
.1.5_ B5 A5 _ﬁ_
spo_Hv [ B4 A4 |—2—<] spo_Lv c15
CLK_HV 1 B3 A3 f—t— cLk v =
SDI_HV |>-J-°—18 B2 A2 —qu SDI_LV —[:éﬂuF
VCCB  VCCA +3.3V
a8t L cS_SD_HV [ B1 A1 f——<] cs_sp_ v
TXS0108EPWR

Figure 32 Digital Logic shift circuit

In Figure 32 U6 is a bidirectional Logic level shift, Port B has all the higher (5 V) levels

from the MCU and port A has all the lower (3.3 V) levels, C16 and C15 are recommended

decoupling capacitors, the enable pin (OE) needs to be controlled with the same voltage as
VCCA (3.3 V), the datasheet [30] stipulates that's this pin needs to be low (disabled) when

powering up to allow the supply to settle before going high (enable) hence why it needs to be

controlled by the MCU, R16 and R17 are used as a potential divider to get the 3.3 V also the

series resistance limits current flow to approximately 13 mA.

The Easy-PC schematic for this is seen in Figure 33.
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Figure 33 Logic shift, Easy-PC

The connections for the logic shift in Figure 33 are as such to enable track routing on

the PCB to be as straight forward as possible, also “C5 & C4" are placed as close to “U2" as

possible on the PCB.

7.12 RS232
Figure 34 below shows the schematic for the RS232 circuit.
RS232 TRANSCEIVER CIRCUIT DB9 SOCKET
c17
U7
i it L e | 00000 |
C1+ C1+ VCC +
47nF MAX_V+ [—2r] v+ GND :‘ <] GND 299
C1- C1- DOUT1 DB9_PIN_RX |
c18 G2+ —t C2+ RIN1 '—u—-ﬂ> DB9_PIN_TX 1717119 ﬂ
C2+ c2- c2- E Sz. RODU;1 12 % ucu&x
MAX_v- - IN1 CU_TX
gundai T oou ome [N i Q
c21 RIN2  ROUTZ [—2- AA
MAX_ Vs GND MAX3232EIPWRQ1 é| '5' )

380nF Z& T
&IL

Cc19 Cc20 g B

MAX_V- p—l I—q GND  +5V D—l I—q GND
330nF 0.1uF

Figure 34 RS232 circuit
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Within Figure 34 a MAX3232 has been used to convert the TTL levels of the MCU into
voltage levels used by other RS232 devices, the 9 pin header relates to the 9 pins on the DB9
serial connector.

7.13 Micro USB socket

Figure 35 below shows the USB connection.

MICRO USB SOCKET
GND
GND —>
3.0+ —> R12
SERESEEd E2 100K
1_USB_VCC —>
1_USB_VCC

Figure 35 USB circuit

Looking at Figure 35 pin 2 and 3 are the data lines going to the MCU, pin 1 is also
connected to the MCU, this is used as a USB sense pin, the GND is pin 5 on the actual micro
usb socket, the resistor R12 is used to hold the line low when not in use.

8 PCB design, Easy-PC

Figure 36 shows the PCB design, this is before any copper pour has been added. The
highlighted nets are 3.3 V is Blue, 5 V is pink and GND is Brown. The board outline measures
100 x 80 mm, this fits the chosen enclosure.

Note: Appendices 15.2 shows the Easy-PC schematic used to create this PCB.
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Figure 36 PCB design (no copper pour)

Starting at the top left of the PCB in Figure 36 is the LED, this is positioned to protruded
through the end of the enclosure, following down the left hand side is the micro USB socket,
SD card socket and the DC power jack, a gap of approximately 20 mm has been left to allow
the panel mount power switch to be fitted where “PL1" is for this. “PL2" is for the battery
connection, “CONN 2" is the 25-way connector and “CONN 1" is the DB9 connector, these
purposely overhang the PCB outline to enable them to protrude through the enclosure. The
bottom middle is where the voltage regulators and their components reside. In the middle is
the gyroscope (U3), the orientation is the x axis is pointing towards the MCU “U1”, “U2" is the
logic converter and “U4" is the RS3232 transceiver, just behind “CONN 2" is the signal
conditioning circuits for the sensors.

Figure 37 shows a copper pour has been added.
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Figure 37 PCB copper pour, GND

The copper pour in Figure 37 is seen, this is connected to GND, other tracks have
been routed on the bottom layer using vias, the text to the bottom left reads “N Jones Data
Logger V1".

Figure 38, Figure 39 and Figure 40 show the 3D view of the PCB.
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Figure 38 3D view top 1

Figure 39 3D view top 2
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Figure 40 3D view botlom

Figure 38 and Figure 39 shows the top side of the PCB, the big blue capacitors are not

a true representation of the ones chosen, Figure 40 shows the bottom and highlights the

copper pour connected to GND.

9 Software flowchart

Figure 41 shows the program flowchart.
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Figure 41 Program flowchart

The flowchart in Figure 41 shows the program checks if a USB connection has been
made, “while no” it checks if the MCU start button has been pressed, “while no” this then loops
back to start, "while yes” the program loops using “if” statements checking how much time has

passed before collecting the relevant data.

10 Structure diagram

Figure 42 below shows the structure diagram for this system.
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A structure diagram is seen in Figure 42, this shows how the 1/O’s are connected to

ADC |

Figure 42 Structure diagram

the necessary peripherals in the MCU and how they are linked together.

11 Size of data storage

Table 9 shows the size of data that each sensor will uses per reading and how often

each reading is to be taken.

Table 9 Size of data foreach sensor

Sensor Data Bytes Time (S)
Temperature 2 15
MPH 1 1
RPM 1 1
Suspension 1 2 0.0001
Suspension 2 2 0.0001
Suspension 3 2 0.0001
Suspension 4 2 0.0001
Pitch (MSB + LSB) 2 0.001
Roll (MSB + LSB) 2 0.001
Yaw (MSB + LSB) 2 0.001

Total Bytes 18

In Table 9 column 1 shows the sensor name, column 2 is how much data in bytes per

reading and column 3 is sample time in seconds of each sensor reading.

Table 10 shows the calculations for determining the memory size of the SD card for a

2 Hr recording period.
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Table 10 Size of data for 2 Hrs

1 2 3 4 5 6 7 8 9 10 | 11 12 13
Time Bytes
0 Temp MPH RPM | Sus1 | Sus2 | Sus3 | Sus4 | Pitch | Roll | Yaw 18
0.0001 Sus 1 Sus 2 Sus3 | Sus4 8
0.0002 Sus 1 Sus 2 Sus3 | Sus4 8
0.0003 Sus 1 Sus 2 Sus3 | Sus4 8
0.0004 Sus 1 Sus 2 Sus3 | Sus4 8
0.0005 Sus 1 Sus 2 Sus3 | Sus4 8
0.0006 Sus 1 Sus 2 Sus3 | Sus4 8
0.0007 Sus 1 Sus 2 Sus3 | Sus4 8
0.0008 Sus 1 Sus 2 Sus3 | Sus4 8
0.0009 Sus 1 Sus 2 Sus3 | Sus4 8
0.0010 Sus 1 Sus 2 Sus 3 | Sus4 | Pitch | Roll Yaw 14
Every 1
mS 86
1 MPH RPM Susl | Sus2 | Sus3 | Sus4 | Pitch | Roll | Yaw 16 85914
Every 1S 85930
15 Temp MPH RPM | Sus1 | Sus2 | Sus3 | Sus4 | Pitch | Roll | Yaw 18 1203020
Every 15
S 1203038
At1min | 4812152 Bytes
At 1 Hr | 288729120 Bytes
At 2 Hrs | 577458240 Bytes
Storage 577.45824 MB

In Table 10 column 1 refers to the time (T), at 'TO’ data is collected from all sensors

which is 18 bytes, every 100 yS only suspension data is collected this is 8 bytes, at 1 mS

suspension and gyro data is stored, this works out to be 86 bytes every 1 mS, every second

MPH and RPM is also stored, the total bytes stored every second equates to 85930 bytes,

every 15 S all sensor data is stored, this calculates to 1203038 bytes in total for every 15 S

period, The final storage calculation at 2 Hrs is 577.46 MB, a minimum size of SD card

available is 1 GB.

12 Bill of materials (BOM)

PCBWay.com provide instant online quotes for manufacturing PCB’s, Figure 43 shows
their quote for 5 PCB’s
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Figure 43 PCB manufacture quote

The final quote in Figure 43 is 25 USD, this includes delivery, converting that into
pounds is £19.44, in the BOM this has been divided by 5 to get the single PBD cost.

A spreadsheet was used to calculate BOM this has been screenshotted due to its size
and can be seen in Figure 44.
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Products Supplier Price each ary Price total General info Current A

RPM https:/fwww.coleparmer.co  £240.000 1 £280.000 RPM 0.0400
Infrared Engine Temp https:/fwww.aimshop.com/i  £102.000 1 £102.000 Engine temp 0.1000
Suspension http://www_kasensors.com/  £215.000 4 £860.000 Price by email 0.0200
LSMBDSITR https:/fwww.mouser.co.uk/ £2.320 1 £2.320 Gyro 0.0009
MEH hittps:/fwww.coleparmer.co  £240.000 1 £280.000 MPH 0.0400

Sub total £1,424.320
PIC1BF45KS50 https:/fuk rs-online.com/we £0.560 1 £0.560 44-PIN TOFP 0.0008
THS0108EPWR https:/fwww.mouser.co.uk/ £1.320 1 £1.320 Logic level shift 0.1000
R5232 DBY connector hittps:/fuk famell.com/hartir £3.950 1 £3.950 RS232 socket
S0 card socket hittps./fwww.mouser. co.uk/ £1.610 1 £1.610 Micro S0 socket 0.0300
USB socket (Micro) https:/fuk.rs-online.com/we £0.700 1 £0.700 Micro USB
MAX323IZEIPWRO1 https:/fuk farnell. com/texas £1.890 1 £1.890 RS232 Transceiver 0.0010
Cap 22uF Tantalum 35V (2017) https:/fwww.mouser.co.uk/ £1.560 2 £3.120
Cap 10uF Tantalum 50V (2017} https://www.mouser.co.uk/ £2.610 2 £5.220
Cap 10uF 35V (0603) https:/fuk rs-online.com/we £0.294 3 £0.882
Cap 330nF 25V (0603) https:/fuk.rs-online.com/we £0.060 3 £0.180
Cap 47nF 100V (0603) https:/fuk.rs-online.com/we £0.265 1 £0.265
Cap 100nF 50V (0603) https:/fuk rs-online.com/we £0.259 9 £2.331
Cap 0.1uF 25V (0603) hittps:/fuk famell.com/keme £0.013 [ £0.077
Res 1200 (0603) https:/fuk rs-online.com/we  £0.020 1 £0.020
Res 2700 (0603) hetps:/fuk. rs-online.com/we £0.020 1 £0.020
Res 100K0 (0603) hetps:/fuk rs-online.com/we £0.320 1 £0.320 USB pull down 0.0001
Res 10K0) (0603) https:/fuk.rs-online.com/we £0.380 1 £0.380
Res 1130 (0603) https:/fuk.rs-online.com/we £0.260 1 £0.260 LED current limit
Res 568 (0603) https:/fuk rs-online.com/we £0.040 7 £0.280
Res 4, 7K (0603) https:/ful rs-online.com/we £0.260 1 £0.260
Res 4700 (0603) https:/fuk rs-online. com/we £0.002 1 £0.002
LED Green Jmm hitps:/fuk.rs-online.com/we £0.304 1 £0.304 0.0250
Dicde Zener MMSZSVITSG hittps:/fwwew.mouser. co.uky/ £0.150 7 £1.330 Clamp
25 way Connector https:/fuk.rs-online.com/we £2.600 1 £2.600
Fuse 2.5 A [1206) https:/fwww. mouser. co.uk/ £0.660 1 £0.660
Diode BAS211,115 https:/fwww. mouser. co.uk/ £0.330 1 £0.330 Reverse protection
Switch power and MCL start https:/fuk rs-online. com/we £4.040 2 £B.0B0 Main power switch & MCU start
DC jack https:/fwww.mouser.co.ukfl  £0.830 1 £0.830
5D card 16 GB hittps:/fwww.amazon,co.ukf £5.790 1 £5.790 0.0300
PCB manufacture hittps://wew.pchway.com/o £3.888 1 £3.888

Sub total £1,491.779

Power consumtion  0.3878 Battery 2 hrs @ 0.7755

Sv reg LDO herps:/fwww.mouser.co.uk/ £3.200 1 £3.200 0.8000
3.3v reg LDO Wetps/fwww, mouser. co. uk/ £3.780 1 £3.780 0.8000
Battery 7.4V, 2.6 Ah https:/fuk rs-online.comfwe  £19.560 1 £19.560 Lithium rechargeable
Enclosure hitps:/flincolnbinns. comy/uni £9.030 1 £9.030

Sub total £1,527.349
Consumables at 20% £305.470 Allow 20% extra for consumables

Total £1,832.819 VAT is inchaded

Figure 44 Bill of materials

Figure 44 shows a list of parts with their supplier and price if a purchase gty of 1 was
acquired, this price is then multiplied if needed by the required qty, the last 2 columns have
been used for any extra information such as known power consumptions, this is then used to
calculate battery size, minimum current usage over 2 Hrs equates to 775.5 mA. The two
voltage regulators can provide 800 mA each thus a battery capacity greater than 1600 mAh
has been chosen. The costs of all parts in the bill come to £1,527.35 an extra 20% has been
added for other consumables such as wiring and connectors needed to mate the sensors to
the 25-way connector, bringing the total bill to £1,832.82 this is inclusive of VAT. All
components where possible are surface mount.

Appendices 15.3 shows Products and full supplier hyperlinks from Figure 44 Bill of
materials.
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13 Suggested improvements

¢ GPS: Would allow the collected data to be compared with the terrain and exact
placement of the vehicle on the road surface. Can also be used as a secondary
method for average vehicle speed.

* Wireless: Can be used as another form of data transfer.

« Cameras: Could be used to visualise environmental factors when comparing
other collected data, e.g. weather conditions, like fog, rain and sunlight
contribute to how the vehicle is driven.

* Real time clock (RTC): Selecting an MCU with RTC would enable time stamps
for the collected data.

¢ Programming: At current the PIC can only be programmed off board, adding a
header for on board programming enables easier software upgrades.

¢ On board memory storage: This could be used eliminating the need for the SD
card socket, for expansion the USB socket could be utilised.

» Main power switch: Whilst rechecking work done, the chosen main power

switch is only rated at 100 mA.
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15 Appendices

15.1 Proteus full circuit

Figure 45 shows the full schematic created in Proteus.

Figure 45 Proteus full schematic

15.2 Easy-PC, full schematic

Figure 46 shows the schematic created in Easy-PC for translation to PCB.
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Figure 46 Easy-PC, full schematic

15.3 Suppliers
Table 11 is the first 2 columns from Figure 44 Bill of materials, this shows the full
hyperlinks to each component.

Table 11 Products and suppliers

Products Supplier

RPM https://www.coleparmer.co.uk/i/monarch-6180-056-optical-sensor-
for-up-to-3-feet-range-from-1-to0-250-000-rpm/0821253

Infrared Engine Temp https://www.aimshop.com/collections/car-racing-
sensors/products/aim-infrared-tyre-temperature-sensor

Suspension http://www kasensors.com/en/products/kwp-wire-potentiometer
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LSM6DS3TR https://www.mouser.co.uk/ProductDetail/STMicroelectronics/LSM6D
S3TR/?qs=0k1pvOkw6%2 FrOmhGoCLrQkA%3D%3D&gclid=CjOKCQiA-
4nuBRCnARIsAHwWyuPoTJOAjBEOHAQmMPVILjChOvc3rUPTSWAKoKIKtFtl
mu90nzevrVg_MaAjlBEALw_wcB

MPH https://www.coleparmer.co.uk/i/monarch-6180-056-optical-sensor-

for-up-to-3-feet-range-from-1-to-250-000-rpm/0821253

PIC18F45K50

https://uk.rs-online.com/web/p/microcontrollers/7864031/

TXSO108EPWR

https://www.mouser.co.uk/ProductDetail/Texas-
Instruments/TXS0108 EPWR?qs=IUbkBnfnSQLgiWtCbWtYOwW%3D%3D
&gclid=CjOKCQjA-
4nuBRCnARIsAHwyuPrQiVDXJ3qsbkH7DzAzyvwlclCUpccgmsjzIGEPpx
46WudXLoKmuTwaAigFEALw_wcB

RS232 DB9Y connector

https://uk.farnell.com/harting/09-66-152-6612 /receptacle-d-sub-tht-
r-a-9way/dp/1097068?st=db9

SD card socket

https://www.mouser.co.uk/ProductDetail/Molex/104031-
08117qs=sGAEpiMZZMulakaoiliBpjimGplaVIb8QxInovvyiw8%3D

USB socket (Micro)

https://uk.rs-online.com/web/p/micro-usb-connectors/7142344/

MAX3232EIPWRQ1

https://uk.farnell.com/texas-instruments/max3232eipwrqgl/line-driv-
revr-rs232-250kb ps-
ssop/dp/23355707gclid=CjwKCAiAqqTUBRBAEiwA7B66haFXASHAb_V
OvtlUX4Uz6MZzEMoNgXWkC8m5002zLasTyUQpWkXyTRoCW6sQAvD
_BwE&mckv=sFI1R3e1Y_dc|pcrid| 378070423580 | kword | max3232ei
pwrgl|match |p|plid]| |slid| |product| | pgrid| 7411822568 | ptaid | kwd-
22704761011 | RCMP=KNC-GUK-GEN-SKU-MDC

Cap 22pF Tantalum 35V (2917)

https://www.mouser.co.uk/ProductDetail/AVX/TAJE226K035RN]?qs=
%2Fha2pyFaduisBbkMkR%252Bd4k1EwHsbDLMjOggdm5%2FmO4quk
DVEHCkONwW%3D%3D

Cap 10pF Tantalum 50V (2917)

https://www.mouser.co.uk/ProductDetail/AVX/TPSE106KO50R05007q
s=%2Fha2pyFadugMDXfeYZpOpvvtXQQIIWOX%2FJv8KZMdIpYX3uBve
pwbrQ%3D%3D

Cap 10uF 35V (0603)

https://uk.rs-online.com/web/p/mlccs-multilayer-ceramic-
capacitors/1726888/

Cap 330nF 25V (0603)

https://uk.rs-online.com/web/p/mlccs-multilayer-ceramic-
capacitors/8392900/

Cap 47nF 100V (0603)

https://uk.rs-online.com/web/p/mlccs-multilayer-ceramic-
capacitors/8015384/
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Cap 100nF 50V (0603)

https://uk.rs-online.com/web/p/mlccs-multilayer-ceramic-
capacitors/8015340/

Cap 0.1uF 25V (0603)

https://uk.farnell.com/kemet/c0603 c104z3vactu/cap-0-1-f-25v-y5Sv-
0603/dp/2429362

Res 1200 (0603)

https://uk.rs-online.com/web/p/surface-mount-fixed-
resistors/6789718/

Res 2700 (0603)

https://uk.rs-online.com/web/p/surface-mount-fixed-
resistors/2132193/

Res 100K (0603)

https://uk.rs-online.com/web/p/surface-mount-fixed-
resistors/2132531/

Res 10KQ (0603)

https://uk.rs-online.com/web/p/surface-mount-fixed-
resistors/6789667/

Res 1130 (0603)

https://uk.rs-online.com/web/p/surface-mount-fixed-
resistors/1228959/

Res 56R (0603)

https://uk.rs-online.com/web/p/surface-mount-fixed-
resistors/6790550/

Res 4.7K (0603) https://uk.rs-online.com/web/p/surface-mount-fixed-
resistors/6790484/
Res 4700 (0603) https://uk.rs-online.com/web/p/surface-mount-fixed-

resistors/2132222/

LED Green 3mm

https://uk.rs-online.com/web/p/leds/0826638/

Diode Zener MM5Z5V1T5G

https://www.mouser.co.uk/ProductDetail/ON-
Semiconductor/MMSZ5V1T5G?qs=sGAEpIMZZMtQBngTKtFS%2FNTW
9pm8IdF6vM2805N09AMPIocCBrwOuw%%3 D%3D

25 way Connector

https://uk.rs-online.com/web/p/general-purpose-rectangular-
connectors/5443991/

Fuse 2.5 A (1206)

https://www.mouser.co.uk/ProductDetail/Bel-Fuse/0685P2500-
01?qs=sGAEpiMZZMtxU2g%2F1juGqWIlziY9CkRYO9ZHS5E6Co0)lInljzy%
252BsFDA%3D%3D

Diode BAS21J,115

https://www.mouser.co.uk/ProductDetail/Nexperia/BAS21J115?qs=s
GAEpPIMZZMtoHjESLttvklIAT8BXmK%2F4ovQFhMNUaGwQ%3D
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Switch power and MCU start

https://uk.rs-online.com/web/p/push-button-switches/8207549/

DC jack

https://www.mouser.co.uk/ProductDetail/Kycon/KLDHCX-0202-AC-
1?g5=sGAEpiMZZMtnOp%252BbbgA0023axwHuUEIQyEuvr6BH3Zudbe3
4cRqaS5Q%3D%3D

SD card 16 GB

https://www.amazon.co.uk/SanDisk-microSDHC-Memory-Adapter-

Performance/dp/B073K14CVB/ref=sr_1_7?crid=315B07P5DY6TE&k

eywords=micro+sd+card&qid=1574172737&rnid=411640031&s=co
mputers&sprefix=micro%2Caps%2C155&sr=1-7

PCB manufacture

https://www.pcbway.com/orderonline.aspx

Sv reg LDO https://www.mouser.co.uk/ProductDetail/Analog-Devices-Linear-
Technology/LT1117CST-
S5PBF?qs=sGAEpiMZZMsGz1a6aV8DcOFdxfsW8gdW2oTP37dFRSE%3D

3.3vreg LDO https://www.mouser.co.uk/ProductDetail/Analog-Devices-Linear-

Technology/LT1117CST-
33PBF?qs=sGAEpiMZZMsGz1a6aV8DcOFdxfsW8gdWyz8yZF%2F7 4yc%
3D

Battery 7.4V, 2.6 Ah

https://uk.rs-online.com/web/p/lithium-rechargeable-
batteries/1449410/

Enclosure

https://lincolnbinns.com/uniobox-2.html
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