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[bookmark: _Toc151722089]Abstract
The requirement of this assignment is to design a microcontroller based Motor Vehicle Data Acquisition System. The Data logger is designed to be fully portable, reusable, capable to be fitted to any type of production or prototype car and adaptable to any class of motor vehicle. 


[bookmark: _Toc151722090]Design Specification
Our Motor Vehicle Data Acquisition System (MVDAS) needs to be totally independent of the Motor Vehicles power and electronic systems, and designed to withstand the varied external and environmental forces that this type of system needs to endure, e.g. Heat & Cold, Water & Dust Ingress and Vibration etc. As well as this, it needs to be capable of recording data for a minimum of two hours, in the extreme conditions that a test track environment will throw at it.
Our MVDAS needs to be capable of obtaining the following data:
· Engine Speed (RPM)
· Engine Temperature (°C)
· Front Right Suspension Travel (mm)
· Front Left Suspension Travel (mm) 
· Rear Right Suspension Travel (mm) 
· Rear Left Suspension Travel (mm) 
· Pitch (°) 
· Roll (°)
· Yaw (°)
· Vehicle Road Speed (MPH)


[bookmark: _Toc151722091]Output Requirements
To achieve the design specification, the MVDAS must be powered by an independent power supply, be portable and adaptable. This will mean cable routes and mounting considerations will need to be taken into consideration.
The microcontroller will need to be capable of not only connecting to a variety of sensors and measuring tools, but will need the capacity to store the data on non-volatile memory and also have the capability of connecting to an external computer to process the information gathered. 
How the microcontroller is housed and the connectors used will be a major consideration. IP Rating (also known as Ingress Protection Rating) will need to be adequate.
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Data Acquisition Systems are one of the most important systems for the Automotive industry when test driving new models of cars whilst they are in the design stage, and before they go onto general sale to the public. They help Automotive Engineers monitor and analyse various systems and parameters of the car. A Data Acquisition System samples real-world signals using sensors placed at various points and converts the signal to a digital format for data analysis. [1]
Before we start designing our MVDAS, we need to look at what is already on the market, and how we can improve on the existing systems available. After extensive research, the following systems have been identified:
· LG-L9-000 Data Logger from www,2d-datarecording.com/en/ 
· VBOX 3i from www.vboxautomotive.co.uk/index.php/en/ 
· DL1 & DL2 Data Loggers from www.race-technology.com/us 
· Race Capture MK3 & MK4 from www.autosportlabs.com/ 
· Granite 10 from www.campbellsci.co.uk/ 
· QuantumX from www.hbm.com/en/ 

Below is a detailed tabulated comparison of three of the existing systems that are on the market:

	Existing Data Acquisition Systems

	System:
	VBOX 3i RTK
	DL2 Data Logger
	Granite 10

	Company:
	VBOX Automotive
	Race Technology
	Campbell Scientific

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Input Voltage Range:
	7v to 30 v DC
	12 v DC
	9.6 v to 32 v DC

	Power:
	5.5 Watts
	-
	6 Watt

	Maximum Current Draw:
	-
	1 A
	495 mA

	Weight:
	900 g
	660 g
	1.2 kg

	Size:
	170 x 121 x 41 mm
	163 x 118 x 51 mm
	214 x 120 x 75 mm

	Operating Temperature:
	-20 to 70 °C
	-20 to 70 °C
	-40 to 70 °C

	Construction Material:
	Aluminum
	Aluminium
	Stainless Steel

	Memory:
	Compact Flash
	8GB Internal + 
SD Card
	Internal 128 GB Solid State Hard Drive & 
Up to 2GB Micro SD

	Recording Time:
	Dependant on Flash Card Capacity
	Dependant on Flash Card Capacity
	Dependant on Flash Card Capacity

	Data Available:
	Satellites in View, Latitude, Longitude, Velocity, Heading, Altitude, Vertical Velocity, Distance, Longitudinal Acceleration & Lateral Acceleration, Distance from Trigger, Trigger, Time, Trigger Velocity
	Satellites in View, Speed, Position, 

	Speed, Position, 


	Number of Analogue Input Channels:
	4
	12
	Unlimited with Expansion Units able to be added to the device

	Number of Analogue Output Channels:
	2
	4
	8

	Number of Digital Output Channels:
	2
	-
	8

	CAN Bus Interface:
	2
	2
	

	GPS:
	GPS & GLONASS
	GPS
	

	Other Connections:
	Bluetooth
	No
	Wi-Fi

	USB:
	Yes
	Yes
	Yes

	RS232:
	Yes
	Yes
	Yes

	GPS:
	GPS & GLONASS
	GPS
	GPS

	Logging Rate:
	1 to 100Hz
	1 to 100Hz
	

	VELOCITY

	Maximum Velocity:
	1000 mph
	
	

	Minimum Velocity:
	0.1 km/h
	
	

	Velocity Resolution:
	0.01 km/h
	
	

	DISTANCE

	Update Rate:
	100 Hz
	100Hz
	

	Resolution:
	1 cm
	
	

	ACCELERATION

	Maximum Acceleration:
	20 g
	6 g
	

	Resolution:
	0.01 g
	0.005 g
	

	Update Rate:
	100 Hz
	100Hz
	

	ROLL, PITCH & YAW

	Measured Angle:
	0.028° to 0.2°
	300° /s
	

	Roll, Pitch & Yaw Measurement Rate:
	100Hz
	100Hz
	

	Price:
	£3,142.10
	£3,200.00
	£4,435.00

	Website:
	www.vboxautomotive.co.uk/index.php/en/

	www.race-technology.com/us
	www.campbellsci.co.uk/
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The VBOX3i RTK Measures many Parameters compared to its competition in the list, as well as excellent GPS & GLONASS satellite positioning to give better positioning data. It’s also one of the cheapest systems on the market, giving more value for money. On the downside, it uses Compact Flash memory which has been superseded by SD Technology. [2]
The DL2 Data Logger like the VBOX is made of Aluminium and is lightweight compared to its rivals here, and has the benefit of running directly from 12v, making powering from the cars battery easy. The DL2 also has more Analogue input ports, making it easier to connect various sensors and transducers. [3]
Despite being the most expensive product on this list, the Granite 10’s best selling point would seem its memory capacity. However, with various different modules that can be connected to this device, the possibilities seem endless as to how many sensors and peripherals can be connected. If not a little expensive. [4] 
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Below is the information required to build our MVDAS. The starting point is to work out the parameters we are working with. From the information we already know, i.e. what parameters we need to be able to measure, we can work through in a methodical way to build the required information required to choose our Microcontroller. Starting with the number of Analogue/Digital Inputs required to connect our sensors and working through to the memory required to store our data.
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	Parameters

	Engine RPM

	Engine Temperature

	Suspension Travel

	(Front Right)

	(Front Left)

	(Right Rear)

	(Left Rear)

	Pitch

	Roll

	Yaw

	Road Speed (MPH)
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Table 2 shows the parameters to be measured by our MVDAS as set out in the brief.


	Parameters
	Type of Output from Sensor

	Engine RPM
	Digital

	Engine Temperature
	Analogue

	Suspension Travel
	Analogue

	Pitch
	I2C

	Roll
	

	Yaw
	

	Road Speed (MPH)
	Digital

	
	


[bookmark: _Toc151569972]Table 3: Sensor Output Type
[image: This image shows the difference between an analog and digital signal.]Table 3 shows the type of output signal our sensors will produce. The difference between Analogue and Digital would that an analogue signals would produce a constant variation of electrical signal and a digital signal have 2 states, High and Low, as is shown below in Figure 1. [5]
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	Parameters
	Type of Input Pin required on our Microcontroller

	Engine RPM
	1x Digital

	Engine Temperature
	1x Analogue

	Suspension Travel
	

	(Front Right)
	1x Analogue

	(Front Left)
	1x Analogue

	(Right Rear)
	1x Analogue

	(Left Rear)
	1x Analogue

	Pitch
	I2C = 4x Digital Pins

	Roll
	

	Yaw
	

	Road Speed (MPH)
	1x Digital

	SD Card
	SPI = 4x Digital Pins

	On Button
	1x Digital

	LED On Indicator
	1x Digital

	USB Module
	2x Digital

	
	19 Pins Required
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Table 4 is a tabulated view of how many Analogue and Digital pins our PIC Microcontroller will need.
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From the above tables, we see that at a minimum, the microcontroller requirements are as follows: 
· 8 Bit (as per brief)
· Minimum 19 Pins
· Minimum 5 Analogue Inputs
· 1x SPI 
· 1x I2C
· 1x USB Module
· 1x Real Time Clock
· Automotive Capable 

We took this list of requirements for our Microcontroller, and went to the Microchip parametric part selector website tool, and used the parameter search to shortlist suitable Microcontrollers. [6]

When the above criteria was used to filter Microchip products, 10 suitable Pic18 Microcontrollers were identified as suitable. These were as follows:
· PIC18F47J53
· PIC18F27J53
· PIC18F46J50
· PIC18F46J53
· PIC18F26J50
· PIC18F26J53
· PIC18F45J50
· PIC18F25J50
· PIC18F44J50
· PIC18F24J50

Table 5 on the next page is a tabulated comparison of 4 of the shortlisted Microcontrollers.

The Pic Microcontroller selected is the PIC18F26J53. The reasons for selecting this pic over the other options are amongst others, 28 Pins a opposed to 44 making is a smaller package, and saving space on the PCB board. 64 Flash Program Memory gives more scope for future programming needs. 8 digital timers as opposed to 5 on some of the other short listed microchips. Deep Sleep mode, which only uses 9nA while idle will increase battery performance. The selected chip uses less power for applications like Deep Sleep, Reel Time Clock, Calendar and Watch Dog Timer modes. In conclusion, this Microcontroller satisfies all required parameters as well as providing excellent low power usage. 






	 
	PIC18F45J50
	PIC18F26J53
	PIC18F46J53
	PIC18F25J50

	Family
	8-bit MCU
	8-bit MCU
	8-bit MCU
	8-bit MCU

	CPU Type
	8-bit PIC MCU
	8-bit PIC MCU
	8-bit PIC MCU
	8-bit PIC MCU

	Max CPU Speed (MHz)
	48 MHz
	48 MHz
	48 MHz
	48 MHz

	Operation Voltage
	(2V-3.6V)
	(2V-3.6V)
	(2V-3.6V)
	(2V-3.6V)

	Temp Range
	(-40 to 85)
	(-40 to 85)
	(-40 to 85)
	(-40 to 85)

	Pin count
	44
	28
	44
	28

	Program Memory Size (KB)
	32 Flash
	64 Flash
	64 Flash
	32 Flash

	SRAM
	3.7109375 KB
	3.7109375 KB
	3.7109375 KB
	3.7109375 KB

	Low Power
	Yes
	Yes
	Yes
	Yes

	ADC Input
	13
	13
	13
	10

	Max ADC Resolution (Bits)
	10
	12
	12
	10

	UART
	2
	2
	2
	2

	SPI
	2
	2
	2
	2

	I2C
	2
	2
	2
	2

	Number of USB Modules
	1
	1
	1
	1

	USB Interface
	FS Device
	FS Device
	FS Device
	FS Device

	Max 8-Bit Digital Timers
	2
	4
	4
	2

	Max 16-Bit Digital Timers
	3
	4
	4
	3

	Hardware RTCC/RTC
	Yes
	Yes
	Yes
	Yes

	Integrated full-Speed USB 2.0
	Yes
	Yes
	Yes
	Yes

	High memory density for more complex application
	No
	Yes
	Yes
	No

	Peripheral Pin Select for design flexibility 
	Yes
	Yes
	Yes
	Yes

	Features nanoWatt XLP Technology, for battery applications
	Yes
	Yes
	Yes
	Yes

	Deep Sleep mode for low power application
	15nA
	9 nA 
	9nA
	15nA

	Sleep mode (RAM retention)
	60nA
	200nA
	200nA
	60nA

	Real Time Clock & Calendar operation in Sleep modes
	830nA
	700nA
	700nA
	830nA

	Watch Dog Timer operation in Sleep modes
	780na
	330nA
	330nA
	780na

	Integrated full speed USB 2.0
	Yes
	Yes
	Yes
	Yes

	Deep Sleep mode ideal for battery applications
	Yes
	Yes
	Yes
	Yes

	Peripheral Pin Select for mapping digital peripherals 
	Yes
	Yes
	Yes
	Yes

	RTCC provides clock, calendar & alarm functions  
	Yes
	Yes
	Yes
	Yes

	Charge Time Measurement Unit (CTMU)
	Yes
	Yes
	Yes
	Yes

	Enhanced Capture / Compare / PWM modules
	2
	3
	3
	2

	MSSP serial ports for SPI or I2C™ communication
	2
	2
	2
	2

	Enhanced USART modules
	2
	2
	2
	2

	8-bit Parallel port
	Yes
	Yes
	Yes
	No

	analog comparators
	2
	3
	3
	2

	ADC
	13 ch, 10-bit
	10 ch, 12-bit
	13 ch, 12-bit
	10 ch, 10-bit 

	Self programming Flash supports 10k erase/write cycles & 20 years retention
	Yes
	Yes
	Yes
	Yes

	Operating voltage 2.0 - 3.6V, 5.5V tolerant digital inputs
	Yes
	Yes
	Yes
	Yes
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Memory Requirements
In order to store the data collected from our sensors, we need to calculate the required Non-Volatile memory. Non- Volatile memory will be data stored even when the device is powered down, this opposed to the Volatile memory which can only be stored when the device is powered up. 

	Parameters
	Maximum Value

	Engine RPM
	0 --> 8,000 RPM

	Engine Temperature
	50 --> 150°C

	Suspension Travel
	300mm

	(Front Right)
	- 150mm --> +150mm

	(Front Left)
	

	(Right Rear)
	

	(Left Rear)
	

	Pitch
	-45° --> +45°

	Roll
	-45° --> +45°

	Yaw
	0 --> 360°

	Road Speed (MPH)
	0 --> 255MPH
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Table 6 shows the ranges that each of the sensors will measure, that is from this point to what point.

	Parameters
	Maximum Value
	Resolution

	Engine RPM
	0 --> 8,000 RPM
	10 RPM

	Engine Temperature
	50 --> 150°C
	1°C

	Suspension Travel
	300mm
	1mm

	(Front Right)
	- 150mm --> +150mm
	1mm

	(Front Left)
	
	

	(Right Rear)
	
	

	(Left Rear)
	
	

	Pitch
	-45° --> +45°
	0.5°

	Roll
	-45° --> +45°
	0.5°

	Yaw
	0 --> 360°
	1°

	Road Speed (MPH)
	0 --> 255MPH
	1mph
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Table 7 is showing what resolution we are measuring in, that is in what increments, for example here we don’t require to understand each 0.1° that the engine temperature is increasing, but only by each 1°. 



	Parameters
	Maximum Value
	Resolution
	Number of Possible Values

	Engine RPM
	0 --> 8,000 RPM
	10 RPM
	800

	Engine Temperature
	50 --> 150°C
	1°C
	100

	Suspension Travel
	300mm
	1mm
	300

	(Front Right)
	- 150mm --> +150mm
	1mm
	300

	(Front Left)
	
	
	300

	(Right Rear)
	
	
	300

	(Left Rear)
	
	
	300

	Pitch
	-45° --> +45°
	0.5°
	180

	Roll
	-45° --> +45°
	0.5°
	180

	Yaw
	0 --> 360°
	1°
	360

	Road Speed (MPH)
	0 --> 255MPH
	1mph
	256
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Table 8 then breaks down the previous information to display the possible number of values or increments we will be measuring. From this we can cross reference the value range to its corresponding bits of data we need to collect from Table 9 below.

	No. of Bits
	Range

	1
	2

	2
	4

	3
	8

	4
	16

	5
	32

	6
	64

	7
	128

	8
	256

	9
	512

	10
	1024

	11
	2048

	12
	4096

	13
	8192

	14
	16384

	15
	32768

	16
	65536
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From the values in table 8, and cross referencing it with the data in Table 9, we are able to populate the information it Table 10. Below we see the no of Bits required in order to accurately measure our sensors data output. 

	Parameters
	Maximum Value
	Resolution
	Number of Possible Values
	No. Bits Required

	Engine RPM
	0 --> 8,000 RPM
	10 RPM
	800
	10

	Engine Temperature
	50 --> 150°C
	1°C
	100
	7

	Suspension Travel
	Total = 300mm
	
	
	 

	(Front Right)
	- 150mm --> +150mm
	1mm
	300
	9

	(Front Left)
	
	
	300
	9

	(Right Rear)
	
	
	300
	9

	(Left Rear)
	
	
	300
	9

	Pitch
	-45° --> +45°
	0.5°
	180
	8

	Roll
	-45° --> +45°
	0.5°
	180
	8

	Yaw
	0 --> 360°
	1°
	360
	9

	Road Speed (MPH)
	0 --> 255MPH
	1mph
	256
	8

	
	
	
	
	


[bookmark: _Toc151569979]Table 10: No of Bits Required for Data Collection

Our brief requires us to use a Microcontroller from the 8 Bit Pic family range, so to calculate the no of bytes required for our Non-Volatile Memory we need to convert the Bit requirement to a Bytes. We can do this by using the image in Figure 2. By drawing out 8 B Bits next to each of the sensors, we can understand the process better as seen below. [7]

	
	1 Byte
	
	1 Byte

	Engine RPM
	1
	2
	3
	4
	5
	6
	7
	8
	
	1
	2
	3
	4
	5
	6
	7
	8

	Engine Temp
	1
	2
	3
	4
	5
	6
	7
	8
	
	
	
	
	
	
	
	
	

	Suspension Travel
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Front Right
	1
	2
	3
	4
	5
	6
	7
	8
	
	1
	2
	3
	4
	5
	6
	7
	8

	Front Left
	1
	2
	3
	4
	5
	6
	7
	8
	
	1
	2
	3
	4
	5
	6
	7
	8

	Rear Right
	1
	2
	3
	4
	5
	6
	7
	8
	
	1
	2
	3
	4
	5
	6
	7
	8

	Rear Left
	1
	2
	3
	4
	5
	6
	7
	8
	
	1
	2
	3
	4
	5
	6
	7
	8

	Pitch
	1
	2
	3
	4
	5
	6
	7
	8
	
	
	
	
	
	
	
	
	

	Roll
	1
	2
	3
	4
	5
	6
	7
	8
	
	
	
	
	
	
	
	
	

	Yaw
	1
	2
	3
	4
	5
	6
	7
	8
	
	1
	2
	3
	4
	5
	6
	7
	8

	Road Speed (MPH)
	1
	2
	3
	4
	5
	6
	7
	8
	
	
	
	
	
	
	
	
	


[bookmark: _Toc151570000]Figure 2: No of 8 Bit Bytes Required


	Parameters
	Number of Possible Values
	No. Bits Required
	No. Bytes Required

	Engine RPM
	800
	10
	2

	Engine Temperature
	100
	7
	1

	Suspension Travel
	
	
	

	(Front Right)
	300
	9
	2

	(Front Left)
	300
	9
	2

	(Right Rear)
	300
	9
	2

	(Left Rear)
	300
	9
	2

	Pitch
	180
	8
	1

	Roll
	180
	8
	1

	Yaw
	360
	9
	2

	Road Speed (MPH)
	256
	8
	1

	
	
	
	Total 16 Bytes
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Table 11 shows the result of how many Bytes of data that could be required every time that the MVDAS collects data from each sensor. The intension is to collect data at a rate of 50Hz, meaning every second the MVDAS will collect 16 bytes of Data 50 times.

	Parameters
	No. Bytes Required/Cycle
	No. Bytes Required/Second
	No. Bytes Required/Min
	No. Bytes Required/Hr
	No. Bytes Required/Test Drive

	Engine RPM
	2
	100
	6,000
	360,000
	720,000

	Engine Temperature
	1
	50
	3,000
	180,000
	360,000

	Suspension Travel
	
	
	
	
	

	(Front Right)
	2
	100
	6,000
	360,000
	720,000

	(Front Left)
	2
	100
	6,000
	360,000
	720,000

	(Right Rear)
	2
	100
	6,000
	360,000
	720,000

	(Left Rear)
	2
	100
	6,000
	360,000
	720,000

	Pitch
	1
	50
	3,000
	180,000
	360,000

	Roll
	1
	50
	3,000
	180,000
	360,000

	Yaw
	2
	100
	6,000
	360,000
	720,000

	Road Speed (MPH)
	1
	50
	3,000
	180,000
	360,000

	
	Total 16 Bytes
	Total 800 Bytes
	Total 48,000 Bytes
(48 kilobyte)
	Total 2,880,000 Bytes
(2.88MB)
	Total 5,760,000 Bytes
(5.76MB)





[bookmark: _Toc151569981]Table 12: Non-Volatile Memory Required per 2 Hour Test Drive


Table 12 tabulates the calculated maximum Non-Volatile memory required for each 2 hr test drive. Below is the calculation for Engine RPM which shows the procedure that is then applied to all the parameters: 








Equation 1: Memory Requirements Calculation

[bookmark: _Toc151722097]Equipment Requirements
The equipment that will be required to create our MVDAS will be:
· 8bit PIC Microcontroller
· Sensors:
· Engine Speed Sensor (RPM)
· Engine Temperature Sensor
· Suspension Travel Sensors x4
· Pitch, Roll & Yaw Sensor
· Speed Sensor (MPH)
· Enclosure
· PCB
· USB Point
· SD Card Point
· On Off Switch
· LED Indicator Light
· Battery
· Panel Connectors
· PCB Connectors
· Voltage Regulator
· Cable Fixings
· Jumper Cables
· Battery Lead
· Header Pins
· USB Cable
· SD Card


[bookmark: _Toc151722098]Sensors
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	Engine RPM Sensors

	Model:
	6180 – 020 Infrared RPM Sensor
	VR 09
	HySense RS 100 IR Rotation Speed Sensor

	Company:
	Monarch Instruments
	Texense
	Campbell Scientific

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Operating Distance:
	12mm
	3mm
	500mm

	Speed Range:
	1 to 999,990 RPM
	-
	-

	Operating Temperature:
	-40 to 85 °C
	-50 to 150 °C
	-40 to 60 °C

	Operating Voltage:
	3.3 to 15Vdc 
	4 to 25Vdc
	30Vdc

	Current:
	40mA
	15mA
	30mA

	Protection:
	-
	IP66
	IP67

	Weight:
	-
	15g
	

	Price:
	£347.00
	£110.00
	Price on enquiry

	
	
	
	

	Website:
	www.shop.elkome.com/en/ 
	www.zeusproducts.co.uk/ 
	www.hydrotechnik.co.uk/ 


[bookmark: _Toc151569982]Table 13: Engine RPM Sensors Comparison
[image: ]Table 13 shows some RPM sensor options. The HySense IR sensor [8] is larger than the other options and also has an Operating Voltage of 30Vdc which makes it more difficult to connect to our system. The Monarch IR sensor [9] is much smaller and would be easier to interface with its smaller Operating Voltage, however the Texense Differential Hall Effect Sensor [10] was chosen due to its cheaper price, suitable Operating Voltage and more suitable Operating Temperature range.
To measure the RPM, the sensor will read the crankshaft pulley.
[image: ][bookmark: _Toc151570001]Figure 3: Chosen RPM Sensor
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	Engine Temperature Sensors

	Model:
	Texense INFT – MC – 1000
	Infrared Temperature Sensor/Transmitter
	INFKL – 150

	Company:
	Motorsport Electronics
	Generic
	Memotec

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Operating Distance:
	100mm
	1000mm
	70mm

	Temperature Range:
	0 to 1000 °C
	-20 to 500 °C
	0 to 150 °C

	Ambient Temperature:
	-20 to 100 °C
	0 to 70 °C
	0 to 40 °C

	Operating Voltage:
	5 - 16Vdc
	24Vdc
	5Vdc

	Current:
	1.5mA
	20mA
	1.5mA

	Protection:
	IP64
	IP65
	IP64

	Weight:
	15g
	95g
	28g

	Price:
	£537.96
	£184.08
	£220.94

	
	
	
	

	Website:
	www.motorsportselectronics.com/
	www.omega.co.uk/pptst/OS210-150-300-800.html
	www.me-mo-tec.de/en/content/Home


[bookmark: _Toc151569983]Table 14: Engine Temperature Sensors Comparison
Engine Temperature is to be measured using Infra-Red, to mitigate using intrusive sensors within engine/coolant blocks. The Memotec INFKL-150 sensor [11] was overlooked due to its low Ambient Temperature parameters, while the Generic IR Sensor [12] was seen more unsuitable also due to Ambient Temperature parameters, but also due to a higher Operating Voltage than our system prefers. The Texense INFT-MC-1000 sensor [13] has been chosen due to suitability on all parameters, however this does have a higher cost implication. 
To measure the Engine Temperature, the sensor will measure the engine Block Temperature. 
[image: ]


[bookmark: _Toc151570002]Figure 4:  Chosen Engine Temperature Sensor:
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	Suspension Travel Sensor

	System:
	LPPS-22
	RHL4 Laser Ride Height
	KP19S-300

	Company:
	The Sensor Connection
	KA Sensors
	KA Sensors

	Photo:
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	[image: ]
	[image: ]

	Stroke Measurement:
	25 to 300mm
	100 to 600mm
	0 to 300mm

	Operating Temperature Range:
	-40 to 95 °C
	0 to 70 °C
	-40 to 150 °C

	Current:
	-
	50mA
	<10μA

	Operating Voltage:
	24 Vdc
	11-30Vdc
	5Vdc

	Resistance:
	5KΩ ±20%
	-
	20KΩ ±20%

	Protection:
	IP64
	IP67
	IP67

	Weight:
	270g
	50g
	167g

	Price:
	£218.18
	£243.00 each
	£285.00 each

	
	
	
	

	Website:
	www.thesensorconnection.com/
	www.kasensors.com/en
	www.kasensors.com/en 


[bookmark: _Toc151569984]Table 15: Suspension Travel Sensor Comparison
Suspension Travel will be measured using the KA Sensors KP195-300 Linear Potentiometer. This sensor utilises 5Vdc Operating Voltage, High degree of protection as well as being lighter than the other potentiometer identified. Alternative method of measuring suspension travel could be the RHL4 Laser Ride Height Sensor, however due to the preferred Operating Voltage of the Potentiometer, this option has been overlooked [14]. The LPPS-22 was overlooked due also to high Operating Voltage.
The sensors will be fitted between the upper and lower ball joint.  
[image: ]



 
[bookmark: _Toc151570003]Figure 5: Chosen Suspension Sensor




[bookmark: _Toc151722102]Pitch, Roll, Yaw

	Pitch, Roll & Yaw Sensor

	System:
	I3G4250D
	Texense GYRP3
	L3GD20H

	Company:
	ST Life
	Motorsport Electronics
	ST Life

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Minimum Supply Voltage:
	2.4Vdc
	5Vdc
	2.2Vdc

	Maximum Supply Voltage:
	3.6Vdc
	16Vdc
	3.6Vdc

	Current:
	6.1mA
	16mA
	5mA

	Protection:
	-
	IP66
	-

	Operating Temperature:
	-40 to 85 °C
	-20 to 105 °C
	-40 to 85 °C

	Weight:
	-
	21g
	-

	Price:
	£5.17
	£2,175.00
	£4.14

	
	
	
	

	Website:
	www.avnet.com/wps/portal/us/ 
	www.motorsportselectronics.com/
	www.uk.rs-online.com/web/ 


[bookmark: _Toc151569985]Table 16: Pitch, Roll & Yaw Sensor Comparison
Pitch, Roll & Yaw will be measured using the ST Life I3G4250D PCB mounted Gyroscope to mitigate against additional connections, wires etc. [15] The Texense GYRP3 was considered but operating voltages and most of all price went against it [16] . The ST Life L3GD20H was also considered but was out of stock when researched the product [17]. 

[image: ]




[bookmark: _Toc151570004]Figure 6: Chosen Gyroscope





[bookmark: _Toc151722103]Road Speed

	Road Speed Sensor

	System:
	GNSS2CAN
	HC-SR04
	VR 09

	Company:
	2D
	Kitronik
	Texense

	Photo:
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	[image: ]

	Operating Distance:
	
	4m
	3mm

	Type:
	GPS Receiver
	Ultrasonic
	Hall Effect Speed Sensor

	Operating Temperature:
	-40 to 85 °C
	-
	-50 to 150 °C

	Operating Voltage:
	12-28Vdc
	5Vdc
	4 to 25Vdc

	Current:
	85mA
	15mA
	15mA

	Protection:
	IP67
	-
	IP66

	Weight:
	80g
	-
	15g

	Price:
	Price on enquiry
	£2.10
	£110.00

	
	
	
	

	Website:
	www.2d-datarecording.com/en/
	www.race-technology.com/us
	www.zeusproducts.co.uk/


[bookmark: _Toc151569986]Table 17: Road Speed Sensor Comparison
Road speed is to be measured with the Texense Differential Hall Effect Sensor [10] this is the same as the Engine RPM sensor in order to simplify interfacing with the PIC. The GNSS2CAN operating voltage, and complex GPS interfacing meant this option was omitted [18] and the Ultrasonic HC-SR04 was believed not to offer sufficient protection [19] .
[image: C:\Users\114663\Desktop\ABS-Sensor-and-Ring-2.png]
To measure the road speed, the sensor will measure the wheel turning speed.

[image: ] 


[bookmark: _Toc151570005]Figure 7: Chosen MPH Sensor





[bookmark: _Toc151722104]SD Card Module

	SD Card Module

	System:
	Diligent 410-380
	BOB-12941
	410-123

	Company:
	Components 101
	Sparkfun Electronics
	Digilent

	Photo:
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	[image: ]
	[image: ]

	Operating Voltage:
	4.5 – 5.5 Vdc
	5.5 V
	3.3Vdc

	Current:
	200mA
	0.5A
	-

	Operating Temperature:
	-40 to 70 °C
	-40 to 65 °C
	-

	Weight:
	
	
	

	Price:
	£8.38
	£9.50
	£12.29

	
	
	
	

	Website:
	www.components101.com/
	www.digikey.co.uk/ 
	www.uk.farnell.com/ 


[bookmark: _Toc151569987]Table 18: SD Card Module Comparison
The SD Card will be connected via a Modular System. This will be the Micro SD Card Adapter Module from Components 101 [20]. This is merely down to cost as there is little difference between it and the BOB-12941 from Sparkfun [21] or the 410-123 from Digilent [22]

[image: ]




[bookmark: _Toc151570006]Figure 8: Chosen SD Card Module









[bookmark: _Toc151722105]USB Module

	USB Module

	System:
	BOB-12700
	BOB-15100

	Company:
	Sparkfun Electronics
	Sparkfun Electronics

	Photo:
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	[image: ]

	Type:
	USB-A
	USB-C

	Operating Voltage:
	5Vdc
	5Vdc

	Current:
	-
	3A

	Weight:
	-
	1.35g

	Price:
	£4.09
	£4.09

	
	
	

	Website:
	www.digikey.co.uk/
	www.digikey.co.uk/


[bookmark: _Toc151569988]Table 19: USB Module Comparison

The USB will also be connected via a modular system. The BOB-12700 [23] has been chosen over the BOB-15100 [24] as USB-A is more widely used than USB-C. 

[image: ]




[bookmark: _Toc151570007]Figure 9: Chosen USB Module











[bookmark: _Toc151722106]Batteries

Before deciding on a battery, we must calculate the required capacity. 

	POWER CONSUMING COMPONENT:
	CURRENT DRAW:

	Microcontroller
	25 mA

	RPM Speed Sensor
	15 mA

	Engine Temperature Sensor
	1.5 mA

	Potentiometer 1
	10 μA

	Potentiometer 2
	10 μA

	Potentiometer 3
	10 μA

	Potentiometer 4
	10 μA

	Gyroscope
	6.1 mA

	MPH Speed Sensor
	15 mA

	USB Module
	0.5 A

	SD Card Module
	200 mA

	LED Indicator Light
	45 mA

	TOTAL CURRENT DRAW:
	807.64 mA

	
	


[bookmark: _Toc151569989]Table 20: Battery Power Requirement
The information found in Table 20 has been taken from Datasheets.

Current (I) = 807.64 mA
Discharge Time (T) = 2 hours




Equation 2: Battery Requirement Calculation








	Battery Systems

	System:
	9V PP9
	PEL 01434
	2326

	Company:
	Ever Ready
	PRO ELEC
	Overlander

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Type:
	PP9
	AGM
	Sub C

	Voltage:
	9V
	12V
	7.2V

	Current:
	4300mAH
	2.3Ah
	2000mAh

	Material:
	Zinc Carbon
	Lead Acid
	NiMH

	Weight:
	367g
	950g
	269g

	Height x Width x Depth:
	81mm x 66mm x 52mm
	67mm x 178mm x 35mm 
	23mm x 46mm x 135mm

	Terminal:
	Snap
	T1
	Tamiya

	Price:
	£5.55
	£7.25
	£15.75

	
	
	
	

	Website:
	www.cpc.farnell.com/
	www.cpc.farnell.com/
	www.cpc.farnell.com/


[bookmark: _Toc151569990]Table 21: Battery Comparison

All the batteries found are capable of running the MVDAS, however the Eveready PP9 will be used as it is a cheap option with replacements available off the shelf in the high-street. [25] The Pro-Elec was not considered due to its weight [26], and the Overlander was not considered due to pricing [27]. 

[image: ]





[bookmark: _Toc151570008]Figure 10: Chosen Battery






[bookmark: _Toc151722107]LEDs

	LED Systems

	System:
	L-57IID
	ILH-F501-WMWH-SC201-WIR200
	MC19040001

	Company:
	Kingbright
	Intelligent LED Solutions
	Multicomp Pro

	Photo:
	[image: ]
	[image: ]
	[image: ]

	LED Colour:
	Red
	White
	Green

	Forward Voltage:
	2.5V
	18V
	2.5V

	Current:
	30mA
	150mA
	45mA

	Power:
	75mW
	2.7W
	75mW

	Operating Temperature:
	-40 to 85 °C
	-40 to 85 °C
	-55 to 70 °C

	Price:
	£0.40
	£5.69
	£5.15

	
	
	
	

	Website:
	www.uk.rs-online.com/web/ 
	www.uk.rs-online.com/web/ 
	www.cpc.farnell.com/ 


[bookmark: _Toc151569991]Table 22: LED Comparison

The Panel mountable MC19040001 LED by Multicomp Pro [28] will be utilised as it will be visible from outside of the enclosure. Kingbright [29] and Multicomp Pro [30] was not suitable. 

[image: ]


[bookmark: _Toc151570009]Figure 11: Chosen LED Indicator








[bookmark: _Toc151722108]Switches

	
	Switch Module
	

	System:
	A101SYCQ04
	793-2563

	Company:
	Alcoswitch
	RS Pro

	Photo:
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	Operating Voltage:
	5-28Vdc
	25Vac

	Current:
	5A
	5A

	Operating Temperature:
	-30 to 85 °C
	-25 to 125 °C 

	Weight:
	3.845g
	-

	Price:
	£1.16
	£2.30

	
	
	

	Website:
	www.mouser.co.uk/
	www.uk.rs-online.com/web/


[bookmark: _Toc151569992]Table 23: Switch Modules Comparison

The RS Pro 793-2563 [31] will be utilised as it will give a neat flush finish to the MVDAS enclosure. As opposed to the Alcoswitch A101SYCQ04 Toggle Switch which is bulkier [32] 


[image: ]




[bookmark: _Toc151570010]Figure 12: Chosen Switch







[bookmark: _Toc151722109]Cable containment and fixings

	Cable Containment & Fixings

	System:
	Adhesive Cable Tie Base
	Cable Clamp
	Nylon Cable Ties

	Company:
	GTSE
	Essentra Components
	Condordia Technologies

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Material:
	Nylon
	Nylon
	Nylon

	Fixing Type:
	Adhesive
	Screw
	

	Operating Temperature:
	-40 to 85 °C
	-
	-

	Price (per 100):
	£5.20
	£64.00
	£20.58

	
	
	
	

	Website:
	www.gtse.co.uk/
	www.uk.farnell.com/ 
	www.cpc.farnell.com/ 


[bookmark: _Toc151569993]Table 24: Cable Fixings Comparison

The Nylon Cable Ties [33] will be utilised to secure sensors and cables throughout the vehicle as the Adhesive Bases [34] and the Cable Clamps [35] will might fail in dirty and wet environments.


[image: ]



[bookmark: _Toc151570011]Figure 13: Chosen Cable Containment







[bookmark: _Toc151722110]Enclosure

From the information in this report, the size of the enclosure needs to be as shown below:

Battery
81mm x 66mm x 52mm
PCB Board
143mm x 95mm
USB
26mm x 23mm
SD Card
46mm x 24mm

The Larger chamber needs to be a minimum of 143mm x 119mm


The Smaller chamber needs to be a minimum of 81mm x 66mm


The Depth needs to be a minimum of 52mm


The chosen enclosure is 240mm x 240mm x 103mm



Figure 14: Dimensions required for enclosure











	Adaption Cases Systems

	System:
	ABS Enclosure
	Aluminium Enclosure
	Aluminium Two Chamber Enclosure

	Company:
	Camdenboss
	Raychem RPG
	Rolec

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Material:
	ABS
	Aluminium
	

	Protection:
	IP54
	IP68
	IP67

	Operating Temperature:
	Up to 85 °C
	-50 to 135 °C
	-35 to 130 °C

	No. of Sizes:
	11
	31
	4

	Smallest Size:
	55 x 55 x 42 mm
	50 x 45 x 30 mm
	166 x 100 x 55 mm

	Largest Size:
	250 x 200 x 64 mm
	400 x 230 x 110 mm
	240 x 240 x 103 mm

	Price:
	£9.45
	£45.36
	£57.50

	
	
	
	

	Website:
	www.cpc.farnell.com/ 
	www.automation24.co.uk/ 
	www.rolec-enclosures.co.uk/en 


[bookmark: _Toc151569994]Table 25: Enclosure Comparison
The enclosure chosen is a two chamber Aluminium Rolec aluTWIN AT 162 Enclosure [36]. This enables the housing of the battery separately to the Electronic components. It also comes with hinges and mounting plates, an advantage over the Camdenboss [37] and Raychem [38]

[image: ]







Figure 15: Chosen Enclosure






[bookmark: _Toc151722111]Connectors (Panel Mounted to Casing)

	Case Mounted Connectors Systems

	System:
	SP 13 Series
	Multipole Panel Mount Plugs
	IEC Connector

	Company:
	Pro - Elec
	Pro - Signal
	RS

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Material:
	Nylon
	Brass
	Nylon-6

	Protection:
	IP68
	-
	-

	Operating Temperature:
	-25 to 85 °C
	-
	0 to 70 °C

	No. of Poles:
	3
	3
	3

	Rated Voltage:
	Up to 250V
	-
	Up to 250V

	Price: (Plug & Socket)
	£2.43
	£0.70
	£2.42

	
	
	
	

	Website:
	www.cpc.farnell.com/
	www.cpc.farnell.com/
	www.uk.rs-online.com/web/ 

	
	
	
	


[bookmark: _Toc151569995]Table 26: Panel Mounted Connectors Comparison

The Pro-Elec [39] will be used as a Panel Mounted Connector. It has screw connections that will give better mechanical connection under vibration. Pro-Signal [40] and the IEC Connector [41] not be suitable.












[bookmark: _Toc151722112]SD Card

	
	SD Card
	

	System:
	SD Memory Card
	SD Memory Card

	Company:
	Integral
	Integral

	Photo:
	[image: ]
	[image: ]

	Capacity:
	2GB
	16GB

	Operating Temperature:
	0 to 60 °C
	-25 to 70 °C

	Price:
	£4.85
	£4.49

	
	
	

	Website:
	www.cpc.farnell.com/
	www.cpc.farnell.com/


[bookmark: _Toc151569996]Table 27: SD Card Comparison

Table 27 shows some SD Cards that will be used to store Data, either can be used, but 2GB will be ample [42]
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[bookmark: _Toc151570012]Figure 16: Chosen SD Card










[bookmark: _Toc151722113]Connectors (PCB Mounted) 

	PCB Mounted Connectors Systems

	System:
	PCB Connector
	Pin Header
	Fixed Terminal Block

	Company:
	Reichelt
	Molex
	TE Connectivity

	Photo:
	[image: ]
	[image: ]
	[image: ]

	Type:
	Angled
	Vertical
	Screw

	Max Voltage:
	250V
	500V
	150V

	Fixing:
	Push Together
	Locking Tang
	Screw Clamp

	Material:
	Nylon
	Nylon
	Polyamide

	Operating Temperature:
	-40 to 85 °C
	-
	-

	Price:
	£0.34p
	£0.83p
	£1.64p

	
	
	
	

	Website:
	www.reichelt.com/
	www.uk.farnell.com/ 
	www.mouser.co.uk/ 


[bookmark: _Toc151569997]Table 28: PCB Mounted Connectors Comparison

The TE Connectivity Terminal Block [43] will be used as a PCB mounted connector. It has screw connections that will give better mechanical connection under vibration. The Molex [44] and Reichelt connectors [45] would also be suitable.

[image: ]





[bookmark: _Toc151570013]Figure 17: Chosen PCB Connector







[bookmark: _Toc151722114]Jumper Cables / Voltage Regulator / Battery Connector / Header Pins / USB Cable

	USB Cable
	Voltage Regulator
	Jumper Cable
	Battery Lead

	Pro Signal
	ST Microelectronics
	Adafruit
	Cricklewood Electronic

	[image: ]
	[image: ]
	[image: ]
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	USB A to USB A Lead
	5V 1.5A Linear Regulator
	3 Pin Jumper Cable
	PP9 Battery Snap

	£1.00p
	£0.94p
	£0.61p
	£1.75p

	
	
	
	

	www.cpc.farnell.com/
	www.uk.farnell.com/
	www.adafruit.com/
	www.cricklewoodelectronics.com/


[bookmark: _Toc151569998]Table 29: Miscellaneous Parts

Table 29 shows some miscellaneous parts that will needed to make our MVDAS work:
· USB Cable [46]
· Voltage Regulator [47]
· Jumper Cable [48]
· Battery Lead [49]


[bookmark: _Toc151722115]ASSUMPTION
An assumption has been made here that the factory connected cables on the sensors are adequate and long enough to get back to the MVDAS from the sensor.









[bookmark: _Toc151722116]Circuit and PCB Design

The Block diagram in Figure 18 shows that the MVDAS requires two different voltages. That is 3.3V to the Gyroscope and 5V to the other peripherals and sensors.  


[image: D:\Power Block Diagram final.jpg]

Figure 18: Power Supply Block Diagram

















[bookmark: _Toc151570014]Figure 19: Proteus Voltage Regulator Circuit


[image: ]The Proteus design in Figure 19 and the Easy PC Schematic in Figure 20 shows the step down from the 9 Volt Battery to 5V via a T7805 voltage regulator. This integrated circuit regulator maintains a constant output even if the input fluctuates. Note a Schottky Diode to protect against cross polarity of supply.
[bookmark: _Toc151570015]Figure 20: Easy PC Voltage Regulator Circuit






In order to supply the Gyroscope with 3.3V through a Voltage Divider, we must calculate the Resistor Values:


Assuming that (I) to be 500μA

















Equation 3: Voltage Divider Calculation

[image: ]
[bookmark: _Toc151570016]Figure 21: Easy PC Voltage Divider Circuit

[bookmark: _Toc151570017]Figure 22: Proteus Voltage Divider Circuit

The Proteus design in Figure 22 and the Easy PC Schematic in Figure 21 shows the voltage divider to step down from 5V to 3.3V. Note a Zener Diode for overvoltage protection.



[image: C:\Users\114663\Desktop\switch.png]


The Easy PC Schematic of the switch circuitry is shown in Figure 17



[bookmark: _Toc151570018]Figure 23: Proteus Switch Circuit
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[bookmark: _Toc151570019]Figure 24: Easy PC LED Circuit
[bookmark: _Toc151570020]Figure 25: Proteus LED Circuit











Equation 4: LED Resistor Value Calculation







The Block diagram in Figure 26 shows how the sensors and peripherals in our MVDAS communicate with each other. We need to understand these paths before we design our sensor network.  

[bookmark: _Toc151570021]Figure 26: System Block Diagram







In order to interface the sensors to our Microcontroller, a low pass filter must be designed into our circuit. The low pass filter only allows low frequency signals from 0Hz to its cut-off frequency, ƒc, to pass while blocking those any higher.



If we choose a cut off frequency of 1.5 MHz, and a resistor value of 100Ω, then we can determine the capacitor size by rearranging the equation:























[bookmark: _Toc151570022]Figure 27: Proteus Engine Temperature Circuit


The Proteus design in Figure 27 and the Easy PC Schematic in Figure 28 shows how the Engine Temperature Sensor will interface with the PIC Microcontroller.
[image: ]
[bookmark: _Toc151570023]Figure 28: Easy PC Engine Temperature Schematic










[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\suspension1.png]









[bookmark: _Toc151570024]Figure 29: Proteus Suspension Circuit


The Proteus design in Figure 29 and the Easy PC Schematic in Figure 30 shows how the Suspension Travel Sensors will interface with the PIC Microcontroller.
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[bookmark: _Toc151570025]Figure 30: Easy PC Suspension Schematic
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[bookmark: _Toc151570026]Figure 31: Easy PC RPM Schematic
[bookmark: _Toc151570027]Figure 32: Proteus RPM Circuit


The Proteus designs in Figure 32 and Figure 34 and the Easy PC Schematics in Figure 31 and Figure 33 shows how the Engine RPM and the Vehicle MPH Sensors will interface with the PIC Microcontroller. Note the pull up resistor, values are as per datasheet.


[image: ]

[bookmark: _Toc151570028]Figure 33: Easy PC MPH Schematic
[bookmark: _Toc151570029]Figure 34: Proteus MPH Circuit









[bookmark: _Toc151570030]Figure 35: Proteus Gyroscope Decoupling Circuit
















[bookmark: _Toc151570031]Figure 36: Proteus Gyroscope Circuit






[image: ]
[bookmark: _Toc151570032]Figure 37: Easy PC Gyroscope Schematic



The Proteus design in Figures 35 and 36 the Easy PC Schematic in Figure 37 shows the interfacing of the Gyroscope to the Microcontroller. Note the Low Pass Filter connected as well as the decoupling capacitors and the pull up resistors. All values and connections are as per datasheet. 



















[bookmark: _Toc151570033]Figure 38: Proteus SD Card Module Circuit



The Proteus design in Figure 38 and the Easy PC Schematic in Figure 39 shows how the SD Card Module will interface with the PIC Microcontroller.
[image: ]

[bookmark: _Toc151570034]Figure 39: Easy PC SD Card Module Schematic














[bookmark: _Toc151570035]Figure 40: Proteus USB Module Circuit



The Proteus design in Figure 40 and the Easy PC Schematic in Figure 41 shows how the USB Module will interface with the PIC Microcontroller.
[image: ]
[bookmark: _Toc151570036]Figure 41: Proteus USB Module Schematic
















[bookmark: _Toc151570037]Figure 42: Proteus PIC Decouple Circuit
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[bookmark: _Toc151570038]Figure 43: Proteus PIC 18F26J53 Microcontroller
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[bookmark: _Toc151570039]Figure 44: Easy PC PIC Schematic



The Proteus design in Figures 42 and 43 the Easy PC Schematic in Figure 44 shows the interfacing of the PIC 18F26J53 Microcontroller to the peripherals and sensors. Note the Filter connected as well as the decoupling capacitors. All values and connections are as per datasheet. 











[bookmark: _Toc151570040]Figure 45: Proteus FULL Circuit Layout
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Figure 46: Easy PC Schematic
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Figure 47: Easy PC PCB Layout
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Figure 48: Easy PC PCB Layout with Copper Pour
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Figure 49: Easy PC 3D PCB View (Top)
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Figure 50: Easy PC 3D PCB View (Bottom)










[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Homescreen.png]
Figure 51: PCB Website JLCPCB
[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Website.png]Our Easy PC PCB .gerber file was uploaded to JLCPCB to obtain a build quote [50]. 

Figure 52: Uploaded PCB File Information
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Figure 53: Uploaded PCB File Information (2)
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Figure 54: Uploaded PCB File Information (3)
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Figure 55: PCB Quote from JLCPCB Website













[bookmark: _Toc151722117][image: \\PCCTHORNTON\BuildShare\Matthew Williams\2.1  University\BEng\Electronic Systems Design (ACDA6002)\Assignment 1\Block Diagrams\ESD Main Program (1).jpg]The Software










Figures 56 to 60 are a flow chart representation of the software design and structure. 
Figure 56 is the full structure.
Figure 57 is the Start of the Software
Figure 58 is the Car Mode, where Data is collected.
Figure 60 is the PC Mode, where Data is downloaded.
Figure 59 is the Setup Mode within the software








[bookmark: _Toc151570041]Figure 56: Software: Full Structure
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[bookmark: _Toc151570042]Figure 57: Software: The Start of the Software
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[bookmark: _Toc151570043]Figure 58: Software: Car Mode
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[bookmark: _Toc151570044]Figure 59: Software: Setup Mode








[bookmark: _Toc151570045]Figure 60: Software: PC Mode



[bookmark: _Toc151722118]Costs and Figures


	Component
	Price/Item
	Qty Required
	Total Cost
	Notes

	Sensor Parts
	
	
	
	

	Texense VR09 Wheel Speed Sensor
	£110.00
	2
	£220.00
	RPM & MPH Sensor

	Texense INFT—MC-1000—V2 Infrared Temperature Sensor
	£537.96
	1
	£537.96
	Engine Temp Sensor

	KP19S-300 Linear Position Sensor
	£285.00
	4
	£1,140.00
	Suspension Sensor

	I3G4250D 3 Axis Gyroscope
	£5.17
	1
	£5.17
	Gyroscope

	PIC18 F26J53 Microcontroller
	£4.49
	1
	£4.49
	PIC Microcontroller

	Diligent 410-380
	£8.38
	1
	£8.38
	SD Card Module

	BOB-12700
	£4.09
	1
	£4.09
	USB Module

	Enclosure Parts
	
	
	
	

	aluTWIN AT 162
	£57.50
	1
	£57.50
	Enclosure

	9V PP9 Battery
	£5.55
	1
	£5.55
	Battery

	MULTICOMP PRO MC19040001
	£5.15
	1
	£5.15
	Green LED

	RS PRO SPST, On-None-Off Rocker Switch Panel Mount
	£2.30
	1
	£2.30
	Switch

	Circular Threaded Panel Mount Connector Socket, 3-Pole, IP68
	£2.43
	7
	£17.01
	Pannel Mount Connectors

	
	Sub Total (Peripherals)
	£2,007.60
	


Figure 61: Peripherals Costs












	Circuitry Parts
	Price/Item
	Qty Required
	Total Cost
	Notes

	MULTICOMP PRO MCTB-61C02
	£0.66
	2
	£1.32
	PCB Conectors (2P)

	Fixed Terminal Blocks 3P TERMINAL BLOCK
	£1.64
	7
	£11.48
	PCB Conectors (3P)

	Fixed Terminal Blocks 4P TERMINAL BLOCK
	£1.76
	1
	£1.76
	PCB Conectors (4P)

	Fixed Terminal Blocks 6P TERMINAL BLOCK
	£4.28
	1
	£4.28
	PCB Conectors (6P)

	STMICROELECTRONICS L7805CV-DG
	£0.94
	1
	£0.94
	Voltage Regulator

	Schottky Diodes & Rectifiers 15mA 60 Volt
	£0.35
	1
	£0.35
	Schottky Diode

	Electrolytic Capacitor, 150 µF, 10 V, ± 20%, Radial Leaded
	£0.15
	2
	£0.30
	Capacitor - 150μF

	Multilayer Ceramic Capacitor, 0.1 µF, 50 V, ± 10%
	£0.69
	3
	£2.07
	Capacitor - 0.1μF

	Multilayer Ceramic Capacitor, 0.47 µF, 50 V, ± 10%, PC Pin, X7R, 2.5 mm
	£0.45
	1
	£0.45
	Capacitor - 470nF

	Multilayer Ceramic Capacitor, 0.1 µF, 50 V, ± 5%
	£1.16
	1
	£1.16
	Capacitor - 100nF

	Multilayer Ceramic Capacitors MLCC -  0.01uF NP0 5%
	£0.30
	2
	£0.60
	Capacitor - 10nF

	1nF Multilayer Ceramic Capacitor MLCC 200V dc ±5%
	£0.42
	9
	£3.78
	Capacitor - 1nF

	Zener Diodes 5.1 Volt 0.5W 10%
	£0.17
	6
	£1.02
	Zener Diode - 5V

	Carbon Film Resistors - Through Hole 15Kohm 5% 1/4W Carbon Film
	£0.08
	2
	£0.16
	Resistor - 15 kΩ

	Carbon Film Resistors - Through Hole 1/2W 10K Ohm 5%
	£0.09
	6
	£0.54
	Resistor - 10 kΩ

	RES 6.4K OHM 1/8W 1% AXIAL
	£0.21
	1
	£0.21
	Resistor - 6.4 kΩ

	RS PRO 3.3kΩ Carbon Film Resistor 0.25W ±5%
	£0.13
	1
	£0.13
	Resistor - 3.3 kΩ

	Through Hole Resistor, 470 ohm, MF50, 500 mW, ± 1%
	£0.11
	1
	£0.11
	Resistor - 470 Ω

	Through Hole Resistor, 100 ohm, MF50, 500 mW, ± 1%
	£0.11
	5
	£0.55
	Resistor - 100 Ω

	Through Hole Resistor, 68 ohm, MF50, 500 mW, ± 1%
	£0.11
	1
	£0.11
	Resistor - 68 Ω

	PCB Board from JLCBCB.com
	£8.28
	1
	£8.28
	PCB Board

	
	Sub Total (Circuitry)
	£39.60
	


Figure 62: Circuitry Costs


	Miscellaneous Parts
	Price/Item
	Qty Required
	Total Cost
	Notes

	Nylon Cable Ties 610mm x 9mm Black 50 Pack - ACT610X9B
	£10.29
	2
	£20.58
	Cable Ties (Per 100)

	SD Memory Card, 2GB -  INSD2GV2
	£4.85
	1
	£4.85
	SD Card

	USB A Plug to A Plug Lead, 0.5m -  PSG91634
	£1.00
	1
	£1.00
	USB Cable

	2.54mm 0.1" Pitch 3-pin Jumper Cable - 20cm long
	£0.61
	7
	£4.27
	3 Pin Jumper Cable

	PP9S PP9 Battery Snaps for Large PP9 & PP6 etc Batteries
	£1.75
	1
	£1.75
	PP9 Battery Snap Cable

	
	Sub Total (Miscellaneous)
	£32.45
	


Figure 63: Miscellaneous Costs



	Sub Total (Peripherals)
	£2,007.60

	Sub Total (Circuitry)
	£39.60

	Sub Total (Miscellaneous)
	£32.45

	TOTAL PPROTOTYPE COST
	£2,079.65


Figure 64: Total Prototype Build Costs



Please Note
The above costs do not include engineer’s time.









[bookmark: _Toc151722119]Summary 

I consider the project a success, as a large knowledge of Microprocessors and Electronic Design has been acquired. I have also gained some insight into the subject, as highlighted in this report.


[bookmark: _Toc151722120]Conclusions

Did it meet the design specification?
The task requested that we design a microcontroller based Motor Vehicle Data Acquisition System. The Data logger is designed to be fully portable, reusable, capable to be fitted to any type of production or prototype car and adaptable to any class of motor vehicle.
Our MVDAS has been designed in a way that it is capable of obtaining the following data:
· Engine Speed (RPM)
· Engine Temperature (°C)
· Suspension Travel (mm) 
· Roll, Pitch & Yaw (°)
· Vehicle Road Speed (MPH)


[bookmark: _Toc151722121]Recommendations for Improvements

Even though the system meets the design specification, if I was to replicate this project again, there are more features that could be added to the system in the future. The system could be improved by making component and software changes:

Component Changes:
· Wireless connectivity via 4G/5G technology for real time data transfer
· Utilizing the USB Port to store Data to eliminate the SD Card Module
Software Changes:
· The software could include a diagnostic option
Having gained better understanding of Easy PC software, I believe that the schematics and PCB designs could be improved significantly if this task was carried out again.
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	Component
	Link

	Texense VR09 Wheel Speed Sensor
	https://zeusproducts.co.uk/products/wheel-speed-sensor-passive-abs-type 

	Texense INFT—MC-1000—V2 Infrared Temperature Sensor
	https://www.motorsportselectronics.com/products/texense-inft-mc-1000-v2-infrared-temperature-sensor?variant=20612687556 

	KP19S-300 Linear Position Sensor
	https://www.kasensors.com/en/products/position 

	I3G4250D 3 Axis Gyroscope
	https://www.avnet.com/shop/us/products/stmicroelectronics/i3g4250d-3074457345632818254/ 

	PIC18 F26J53 Microcontroller
	https://uk.farnell.com/microchip/pic18f26j53-i-ss/microcontrollers-mcu-8-bit/dp/3633861 

	Diligent 410-380
	https://uk.farnell.com/digilent/410-380/pmod-microsd-card-slot/dp/3280872?ost=digilent+410-380 

	BOB-12700
	https://www.digikey.co.uk/en/products/detail/sparkfun-electronics/BOB-12700/5762450 

	aluTWIN AT 162
	https://www.rolec-enclosures.co.uk/en/enclosures-accessories/alutwin/15133/104.162.000#top 

	9V PP9 Battery
	https://cpc.farnell.com/ever-ready/601162/battery-zinc-9v-pp9/dp/BT03749?st=pp9 

	MULTICOMP PRO MC19040001
	https://uk.farnell.com/multicomp/mc19040001/led-indicator-5mm-green/dp/1105246 

	RS PRO SPST, On-None-Off Rocker Switch Panel Mount
	https://uk.rs-online.com/web/p/rocker-switches/7932563 

	Circular Threaded Panel Mount Connector Socket, 3-Pole, IP68
	https://cpc.farnell.com/mbs-connect/sp1312-s3c/circular-panel-socket-3-pole/dp/CN21343 

	Circuitry Parts

	MULTICOMP PRO MCTB-61C02
	https://uk.farnell.com/multicomp/mctb-61c02/terminal-block-pcb-2-position/dp/2067355?ost=2067355 

	Fixed Terminal Blocks 3P TERMINAL BLOCK
	https://www.mouser.co.uk/ProductDetail/TE-Connectivity/282834-3?qs=A%252Bip%252BNCYi6M69kAjqV38yA%3D%3D 

	Fixed Terminal Blocks 4P TERMINAL BLOCK
	https://www.mouser.co.uk/ProductDetail/TE-Connectivity/282834-4?qs=A%252Bip%252BNCYi6Pqom9P%2FaHyRQ%3D%3D

	Fixed Terminal Blocks 6P TERMINAL BLOCK
	https://www.mouser.co.uk/ProductDetail/TE-Connectivity/282834-6?qs=A%252Bip%252BNCYi6M0eRGalLqPCg%3D%3D 

	STMICROELECTRONICS L7805CV-DG
	https://uk.farnell.com/stmicroelectronics/l7805cv-dg/linear-volt-reg-5v-1-5a-to-220/dp/2849718 

	Schottky Diodes & Rectifiers 15mA 60 Volt
	https://www.mouser.co.uk/ProductDetail/STMicroelectronics/1N6263?qs=JV7lzlMm3yLnNWyC0f3Ojg%3D%3D 

	Electrolytic Capacitor, 150 µF, 10 V, ± 20%, Radial Leaded
	https://uk.farnell.com/wurth-elektronik/860160273011/aluminium-electrolytic-capacitor/dp/3235497 

	Multilayer Ceramic Capacitor, 0.1 µF, 50 V, ± 10%
	https://uk.farnell.com/multicomp/mcrr25104x7rk0050/cap-0-1-f-50v-10-x7r/dp/1216438?ost=1216438 

	Multilayer Ceramic Capacitor, 0.47 µF, 50 V, ± 10%, PC Pin, X7R, 2.5 mm
	https://uk.farnell.com/tdk/fa16x7r1h474knu00/cap-0-47uf-50v-mlcc-radial/dp/4143708?ost=4143708 

	Multilayer Ceramic Capacitor, 0.1 µF, 50 V, ± 5% 
	https://uk.farnell.com/tdk/fa26np01h104jnu00/cap-0-1uf-50v-mlcc-radial/dp/4143767 

	Multilayer Ceramic Capacitors MLCC -  0.01uF NP0 5%
	https://www.mouser.co.uk/ProductDetail/TDK/CGA3E2NP01H103J080AA?qs=xLDY6iXSiQbUqUr%252BLubDRQ%3D%3D 

	1nF Multilayer Ceramic Capacitor MLCC 200V dc ±5% 
	https://uk.rs-online.com/web/p/mlccs-multilayer-ceramic-capacitors/5381382?gb=s 

	Zener Diodes 5.1 Volt 0.5W 10%
	https://www.mouser.co.uk/ProductDetail/Vishay-Semiconductors/TZX5V1A-TR?qs=8Acm1RElxHJj95m7pOkYpg%3D%3D 

	Carbon Film Resistors - Through Hole 15Kohm 5% 1/4W Carbon Film
	https://www.mouser.co.uk/ProductDetail/YAGEO/CFR-25JT-52-15K?qs=KUIzHt%2Fe91mzMHIFgu3BkA%3D%3D 

	Carbon Film Resistors - Through Hole 1/2W 10K Ohm 5%
	https://www.mouser.co.uk/ProductDetail/YAGEO/CFR-50JB-52-10K?qs=oypCK0zG324VtSLbiaolWQ%3D%3D 

	RES 6.4K OHM 1/8W 1% AXIAL
	https://www.digikey.sg/en/products/detail/vishay-dale/RN55C6401FB14/3334550 

	RS PRO 3.3kΩ Carbon Film Resistor 0.25W ±5%
	https://uk.rs-online.com/web/p/through-hole-resistors/7077701?searchId=dd0104d7-aa7c-466d-a003-531a48a2a43b&gb=s 

	Through Hole Resistor, 470 ohm, MF50, 500 mW, ± 1%
	https://uk.farnell.com/multicomp/mf50-470r/res-470r-1-500mw-axial-metal-film/dp/9340610?ost=mf50+470r&cfm=true 

	Through Hole Resistor, 100 ohm, MF50, 500 mW, ± 1%
	https://uk.farnell.com/multicomp/mf50-100r/res-100r-1-500mw-axial-metal-film/dp/9339760 

	Through Hole Resistor, 68 ohm, MF50, 500 mW, ± 1%
	https://uk.farnell.com/multicomp/mf50-68r/res-68r-1-500mw-axial-metal-film/dp/9340866 

	PCB Board from JLCBCB.com
	https://jlcpcb.com/ 

	Miscellanious Parts

	Nylon Cable Ties 610mm x 9mm Black 50 Pack - ACT610X9B
	https://cpc.farnell.com/concordia-technologies/act610x9b/cable-ties-610-x-9mm-black-50/dp/CB18223 

	SD Memory Card, 2GB -  INSD2GV2
	https://cpc.farnell.com/integral/insd2gv2/sd-card-2gb/dp/MD01275 

	USB A Plug to A Plug Lead, 0.5m -  PSG91634
	https://cpc.farnell.com/pro-signal/psg91634/lead-usb-a-male-a-male-beige-0/dp/CS32889?ost=cs32889 

	2.54mm 0.1" Pitch 3-pin Jumper Cable - 20cm long
	https://www.adafruit.com/product/4935#technical-details 

	PP9S PP9 Battery Snaps for Large PP9 & PP6 etc Batteries
	https://www.cricklewoodelectronics.com/PP9S-PP9-Battery-Snaps-for-Large-PP9-and-PP6-etc-Batteries.html 
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