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Task 1
Bosch C 60
Researching existing Vehicle data acquisition systems has shown a trend of data loggers being commonly used to record changes in the environment, weather that is temperature, speed or roll, pitch and yaw depending on the sensors connected and the specific information that is being targeted. A prominent example of this is the Bosch C 60 datalogger found in figure 1. Its 2GB internal storage allows for a 1,000hz sampling rate on all of its 6 analogue channels, with a 12 bit resolution and 8 AD converters, it is a great example of a vehicle data acquisition system that can be used for inspiration.


Figure 1 [1]



Captronic Systems – IVDAS
Another vehicular data acquisition system is the ‘In-vehicle data acquisition system by Captronic systems, shown below in figure 2. This system can measure and record aspects like suspension, brakes, engine performance and fuel consumption to name a few, and is incredible powerful, durable and a great example of a high end, full vehicle testing system. It features High speed USB capabilities and an array of analog and digital I/O channels to transfer the recorded data and operates between -40 to 70 degrees C. 


Figure 2 [2]


Influx Rebel CT


Figure 3 [3]
 
This robust data logger includes 4 of both analog and digital Input channels and a USB port, it also has an IP rating of 65 making it a good choice for a wet environment when mounted on a vehicle. A 128GB SD card allows for large amounts of data to be recorded at high sampling rates to obtain accurate results whilst testing. 







Key Features
	Bosch C 60
	IVDAS
	Influx Rebel CT


	

	

	


	6 analog ports
	10 analog ports
	4 digital Ports

	6 digital ports
	10 digital ports
	4 Analog Ports

	Includes USB interface
	Includes USB interface
	Includes USB interface

	2GB internal storage
	16GB internal storage
	128GB internal storage

	8 A/D Converters with filters on the inputs
	10 A/D converters
	8 A/D converters

	Power Consumption – 10W at 14V
	Not specified
	Not specified

	0-5V input range
	+-10V to +-60V
	0-5V

	12 bit resolution
	10 bit resolution
	12 bit resolution

	IP67 to DIN 40050, Section 9, Issue 2008
	IP 67/NEMA6 protection, EMI/EMC-MIL STD 461, Shock & Vibration – MIL STD 810F, Humidity – 5% to 95% RH
	IP 65 rating – max humidity 90%

	-20oC to 65oC
	-40oC to 70oC
	-40oC to 85oC

	4 PWM outputs
	N/A
	N/A

	1KHz sampling rate
	1KHz sampling rate
	1KHz sampling rate

	Wi-Fi module
	Wi-Fi module
	WI-FI module

	Size – 105mm x 34.5mm x 137.5mm
	Size – 250mm x 80mm x 150mm
	Size – 126mm x 45mm x 110mm

	Weight – 495g
	1.1KG
	Weight – 524g

	BT 60 WLAN burst telemetry support
	Aluminium Case
	Aluminium case

	RS232 GPS input
	Connectors: MIL D38999 Series III, LEMO

	Internal GPS with External antenna 18Hz refresh rate – 2.5 meter accuracy

	FM 40 long range telemetry support, GSM telemetry support
	Internal Filters
	3G integrated modem with external antenna

	Online data compression
	Offline analysis
	1KHz accelerometer








Task 2 
Determine a suitable microcontroller
Using the Microchip Advanced Part selector tool, filters have been applied to narrow down the possible microcontrollers that are appropriate for the system. The criteria used for the search was;
· 8 bit PIC CPU
· 5 ADC inputs
· 10 bit ADC resolution
· SPI
· I2C
· RTC
· USB Module
· Automotive Capable





Figure 4
The comparison table shown in figure 4 contains the PIC's that were filtered through the Microchip website and selected as they were suitable. From the comparison table, it is apparent that they have individual qualities that separate them. All the essential features are present in the 4 PICs, as they meet the specification criteria listed above.
The PIC18F47J53 has higher flash memory at 128KB and a higher pin count of 44, which allows for extra features to be added to the design. The max ADC resolution of 12 and 13 ADC inputs separate it from the others, which although similar, lack in some areas. The PIC18F47J53s low power and high performance make it a simple choice to include into the design, and the higher resolution, pin count and program memory size make it easier to write the program, and interface the range of sensors and components used within the design.





Task 3
The design will be mounted onto a moving car that is to be driven around a track for 2 hours, meaning that there will be substantial dirt, heat, water and wind colliding with the design. This cannot effect the results and the lifespan of the system as it is estimated to cost over £2000 and is designed with the aim of being re-used on a number of occasions. To protect the components, a suitable enclosure must be chosen with an IP rating and vibration rating suitable for automotive applications.
The size of the storage is a vital part of the design, as the device will be recording data for a 2 hour period and a storage size too small would lead to data loss or corruption as it would be full before the end of the time period. To calculate the storage that is required, firstly the intervals at which the sensors will take a reading must be decided upon.
Size of Storage Required
	Sensor
	Range of Values
	Resolution
	Max Possible values
	No. of bits required
	Bytes

	Engine RPM
	0-10K
	10 RPM
	1000
	10
	2

	Engine Temp
	50-150oC
	1oC
	100
	7
	1

	Suspension Travel Front Right
	-150mm to 150mm
	1mm
	300
	9
	2

	Suspension Travel Front Left
	-150mm to 150mm
	1mm
	300
	9
	2

	Suspension Travel Back right
	-150mm to 150mm
	1mm
	300
	9
	2

	Suspension Travel Back left
	-150mm to 150mm
	1mm
	300
	9
	2

	Pitch
	-45o to 45o
	0.5o
	180
	8
	1

	Roll
	-45o to 45o
	0.5o
	180
	8
	1

	Yaw
	0-360o
	1o
	360
	9
	2

	Road Speed 
	0-255 MpH
	1MpH
	256
	8
	1





From the table, the total number of bytes required per second is 16, the next decision to be made is to decide upon the frequency that the system collects the data from the sensors. A frequency sampling time of 50/second means that the readings are taken every 0.02s. This is small enough time period where extremely fast changed mainly in the suspension will be detected, without using a massive amount of storage that would increase the price of the system design as a whole. 
16 x 50 = 800/second
800 x 60 = 48,000/minute
48,000 x 60 = 2,880,000/hour
2,880,000 x 2 = 5,760,000/2 hour test period
Using 50 samples per second, the storage required for the 2 hour period would be;
The calculations show that 5,760,000 bytes will be used throughout the 2 hour period, however it could be useful to have a some leeway either side to allow time for the driver to tun on the device, enter the vehicle and begin the drive, meaning that 6,000,000 bytes or 6KB of storage would be ideal. 
Sensor Selection
1.Pitch, roll and yaw
	I3G4250DTR 3 axis gyroscope
	LSM6DSO32TR 6 axis gyroscope and accelerometer
	Parallax Inc 3-axis Gyroscope Sensor Module


	

	

	


	Mouser Electronics [4]
	Mouser Electronics [5]
	RS Components [6]

	3 axis gyroscope
	6 axis gyroscope and accelerometer 
	3 axis gyroscope

	16 bit resolution
	16 bit resolution
	16 bit resolution

	2.4V – 3.6V supply voltage
	1.71V – 3.6V supply voltage
	2.7V – 6.5V DC

	I2C,SPI
	I2C, I3C, SPI, MIPI
	I2C,SPI

	Sensitivity of 8.75 mdps/digit, 17.5 mpds/digit, 70 mpds/digit
	Sensitivity of 0.122 mg/LSB, 0.244 mg/LSB, 0.488 mg/LSB, 0.976 mg/LSB 
	Not Specified on data sheet

	+-2000 dps scale (degrees per second)
	±2000 dps full scale
	+-2000 dps full scale

	Weight of 150mg
	Weight of 779.167 mg
	Weight of 1.8g

	1mm x 4mm x 4mm
	1mm x 4mm x 4mm
	21. 6x 20.3mm x1mm

	Operating temperature range: -40 to +85°C
	Operating temperature range: -40 to +85°C
	Operating temperature range: -40 to +85°C

	Sensing axis X,Y,Z
	Sensing axis X,Y,Z
	Sensing axis X,Y,Z

	£9.31 for a single unit
£4.78 for 5,000 units
	£5.00 for a single unit
£2.24 for 5,000 units
	£24.85 for a single unit
£22.36 for 50 units


The LSM6DSO32TR has been selected for the design as it features a 6 axis gyroscope and accelerometer, this will allow for roll, pitch and yaw all to be measured by a single sensor, saving space, weight and cost for the design. The sensor also operates between 1.71V and 3.6V which can be powered using the same supply as the microcontroller whilst also having an excellent sensitivity and exceeding the required specifications to measure once per 0.02 seconds. It also uses I2C to easily interface with the PIC, and has a 16 bit resolution whilst also being very affordable at £5.00.
2.Suspension travel
	AiM Car Suspension Potentiometer [7]
	United Automation Rotary Potentiometer 1-Gang, A403027-RS [8]
	RS PRO Through Beam Photoelectric Sensor [9]


	

	

	


	Linear Potentiometer 
	Control Potentiometer
	Beam Photoelectric Sensor

	150mm range
	250k variable resistor range
	10M detection range

	High Quality, designed for racing and high performance vehicles
	Low quality and not designed for use in suspension specifically
	Response time = 8.2ms

	£235 x 4 = £940
	£22.18 x 4 = £88.72
	£25.55 x 4 = £102.2



The suspension sensor selected is the AiM suspension potentiometer, although significantly more expensive than the alternatives, the high performance and incredibly accurate measurements that will be obtained make it worth the high price. It is designed to measure suspension travel in high performance vehicles racing around tracks. The 150mm range is perfect as this is exactly the distance decided upon and the ability to detect minute changes in the suspension as the car drives along uneven surfaces using the potentiometer allows to track the exact travel distance of the suspensions, with capabilities that exceed the 0.02s testing rate that will be used in the design. 
3.Vehicle Road Speed MPH 
	Compact VLS/5J Tachometer Optical Speed Sensor [10]
	Telemecanique Sensors Multimode Photoelectric Sensor [11]

	HONEYWELL MA3055S10
[12]

	

	

	


	Tachometer
	Photoelectric sensor
	Magnetic Proximity Sensor

	25mm to 1000mm Optical Range
	120mm - 100M distance
	1220mm range

	±45° Optical Angle
	Visible red beam
	Uses magnetic field and inductance to measure speed

	Can be used as a remote contact adaptor
	switching frequency from 4 kHz to 25 kHz
	0.89m/s surface speed

	1m cable
	Easy to use. Fast response. Low cost
	Specifically designed for automotive application

	Dimensions ø 34mm x 130mm 
	One connection required to use
	Small and no moving parts to be damaged

	0-5V 
	0-24V
	0-5.5V

	Uses reflective tape
	NPN
	6.4mm housing diameter

	3-250,000 Rpm
	IP67
	-73°C to 230°C

	£233.33
	£119.75
	£376.21



The Honeywell MA3055S10 has been selected as it best fits the application of automotive speed measuring. It is designed to be used in cars meaning that it is rugged and can withstand a large range of temperatures, water and dirt. In addition to its physical durability, it is able to measure the speed to a far smaller unit than miles per hour and will be more than capable of updating the speed once per second. It can be powered and ran off the Pics 5V supply voltage and it is small enough to comfortably be fitted to any vehicle. 



4.Engine Temperature Sensor
	Calex PC21MT-3 Type J Thermocouple Infrared Temperature Sensor [13]
	OPTRIS OPTCSLT15SFCB8
[14]
	RS PRO PT1000 RTD Sensor
[15]

	

	

	


	0°C to +250°C
	Sensing temperature --50°C to 1030°C
	Cable temperature sensor

	Accuracy ±1% of reading or ±1°C, whichever is greater
	Operating temperature -20°C to 80°C
	-20°C to +100°C sensor

	Repeatability ± 0.5% of reading or ± 0.5°C, whichever is greater
	+- 1%
	+- 1% or 1°C

	240 ms to 90% response time
	14ms response time
	5mm probe diameter

	0.95 emissivity
	0.1 to 1.1 emissivity
	Tolerance ±0.15 + 0.002.[t°c]

	Prewired 1 m cable connection
	Prewired Cable Connection
	Not designed specifically for automotive use

	M16 x 1 mm mounting thread
	M12 x 1mm Pitch Mounting Thread
	50mm probe length

	6 V DC to 28 V DC
	0V to 5V
	0V to 5V

	£196.68
	£136.33
	£12.17



The selected temperature sensor is the OPTRIS OPTCSLT15SFCB8, this is a non-contact sensor that uses an infra-red beam to measure temperature. This is a reasonably priced option and its capabilities again exceed the range of 150°C significantly however the price and ability to run off a 5V supply makes it a superior choice to the similar Calex PC21MT-3. Its robust design and small size allows for it to be easily mounted into a position that gives an accurate reading of the engine temperature throughout the testing period. It also can operate at 80°C however its non contact measuring style nullifies this issue as it will not be in contact with the engine itself which may exceed 80°C on a regular basis whilst being driven for a 2 hour period of time.






5.Engine RPM
	HONEYWELL SNG-QPLA-000.
[16]
	Monarch 6180-056

	VLS/DA Optical Speed Sensor from Omni Instruments
[17]

	

	

	


	Speed and Direction Sensor
	Optical Sensor
	Optical Sensor – professionally made for high accuracy readings

	4.5V to 26V DC
	3 to 15 VDC at 40 mA
	7.5-15vDC

	4 wire, Cable sensor
	1 to 250,000 RPM
	50 - 2000mm Optical Range

	-40°C to 150°C
	Operating temperature -10 to 70°C
	Analog output – once per revolution

	35mm housing diameter
	0.625" (16 mm); 8' (2.44 m) cable; 12" (30.48 cm) 
	Length 130mm x Dia 34mm

	Mountable onto vehicle 
	2.9" (73 mm)
	Options for analog or Pulse output

	IP-67 and rugged build
	Reflective Tape
	Red Spot Laser

	£69.90
	£137.53
	£390



The Omni Instruments VLS/DA optical sensor has been selected for the design as it offers the most accurate readings at a competitive price. Although more expensive than the competitors, its high quality build using a red spot laser will allow for the microcontroller to be updated of the rpm every revolution, meaning that it could update once per second easily. There is a choice of a pulse or analogue output for the sensor, however a pulse would require the microcontroller to track each pulse and keep a record of this, using code to determine the current RPM. Whereas the analog output can be periodically checked to give an exact reading at that moment in time, which is ideal for this designs function.


	Sensor Type
	Sensor Name
	Number of Sensors
	Connection requirements
	Power requirements
	Total Price

	Pitch, roll and yaw
	LSM6DSO32TR
	X1
	Connections for each measurement
	1.71 - 3.6V
	£5

	Suspension
	AiM Car Suspension Potentiometer
	X4
	Circuit to use potentiometer
	N/A
	£235 x 4 = £940

	MPH
	HONEYWELL
MA3055S10

	X1
	Digital Output
	0 – 5V
	£376.21

	Engine Temperature
	OPTRIS 
OPTCSLT15SFCB8

	X1
	Analogue Output
	0 -5V
	£136.33

	RPM
	VLS/DA omni instruments
	X1
	Analogue output
	7.5 -15V
	£390



	Type of port
	Number of Ports Required
	
	Sum Of Sensors
	Total Cost

	Analogue
	X2
	
	£5 + £940 + £376.21 + £136.33 + £390
	£1,847.54

	Potentiometer Circuits (Digital)
	X4
	
	
	

	Digital
	X8 (4+4)
	
	Required Power Supply
	0V to 15V Max










1.Power Supply
	RS PRO, 3.6V, Lithium-Ion Rechargeable Battery, 820mAh [18]
	18650 x 4 Battery Holder 150mm Leads
[19]
	K7805-500R3-LB
[20]

	


	

	


	RS Components
	Switch Electronics
	5V output voltage Regulator

	3.6V cell with 320mAh
	Holds 4 cells
	6.5V to 37.5V input

	8 Hours charge time
	Two wire connection
	Mounted to PCB

	£5.42 x4 = £21.68
	£1.96
	£0.73



The brief specifies that the device must be battery powered, four lithium ion cells will be used as a battery to power the microcontroller, sensors and all additional features on the design. The RPM sensor requires a higher voltage of 7.5 – 15V therefore four cells with a total voltage of 14.4V will be sufficient. The battery will last for well over the 2 hour time and will be recharged through the enclosure meaning that they do not need to be removed from the casing each time before use. A voltage regulator will be used to power the 5V components like the microcontroller, it will limit the output voltage to 5V to prevent overvoltage damaging the components. The input can be up to 37.5V so it is more than capable of regulating the maximum of 14.4V input, and will allow exactly 5V to pass even when the batteries voltage begins to decrease as they discharge over time which Is another key feature and reason to include the voltage regulator within the design.







2.Connectors
	Molex KK 254 Board Connector
[21]
	2.5mm² 3 Core SY Protected Cable Flex [22]

	

	


	2.54mm pitch
	2.5mm diameter

	Wire to board fitting
	Triple protection

	10 inputs
	Twisted copper core wire

	£1.23
	£1.98 per meter (x3 max) = £5.94



The connector used to connect the wires for the sensor outputs to the receiving pins of the microcontroller will be the Molex KK 245 board connector. It has 10 inputs which will all be used for the sensors, as there are exactly 10 inputs to the microcontroller from this. The Molex also allows for the wires to be unplugged meaning that modifications, testing and work can easily be done on the design without having to unsolder and then resolder the connections into place. The system will be fitted onto a car that will be driven for two hours in all weather conditions so high quality wiring is required to protect from the elements. The core SY protected cable is ideal as the three layer protection will ensure that it lasts for a long time and isn’t effected by elements such as dust, debris and water damage. 










3.USB Module
	Molex WM10421-ND [23]

	


	PCB USB module

	USB 3.2 Gen 1 (USB 3.1 Gen 1, Superspeed (USB 3.0))

	-20°C ~ 85°C

	0.25A, 1.8A

	£1.16



The selected USB module is the Molex PCB USB module, this will be connected to the board and will allow for the user to easily download the data recorded through the testing period. This module supports USB 3.2 Gen 1 which is also backwards compatible with older USB types allowing for it to be used with a range of different USB connections. 
4.Memory
	MSDC - Push-Push Type Micro SD Card Holder [24]

	INTEGRAL V30 Class 10 microSD
[25]

	

	


	PCB mount micro SD card holder
	64GB

	Push-push ejection
	Read speeds up to 100 MB/s

	-20°C to +85°C
	Protection against water, freezing temperatures and shock

	£0.76
	£6.99



An SD card has also been included to store the data from the tests, to ensure that each test can be saved and multiple tests can be carried out before the need to retrieve the data. The selected SD card for the system is the Integral V30 Class 10 microSD, this has 64GB of storage and will allow data to be stored from a range of different tests to then be retrieved at anytime using the USB. A PCB mountable SD card holder will be mounted to the board for ease of use.
5.Enclosure
	Takashi HIGH PERFORMANCE WATERPROOF ENCLOSURE WG series [26]

	[image: ]

	Option for a coating to protect from oils, dust and vibrations.

	IP68, immersion up to 1m for 24H

	80mmx100mmx100mm

	£76.99



This enclosure from Takashi is ideal for the system to be housed in as it dimensions allow for the components to snuggly fit inside, with minimal room for vibrations and incidents to knock them loose. The enclosure can be mounted onto the car and has excellent resistance to water, with an IP67 rating and the ability to be fully submerged in a meter of water for 24 hours without leaking, which is more than enough for the splash resistance required. It also has a separating layer below the lid to protect the components from debris and dust that may enter when being applied to the vehicle itself.




Switch
	RS PRO SPST On – Off switch [27]

	[image: ]

	IP 55 protection

	Rugged design

	SPST, SPDT, and DPST switch configurations

	£2.30

















Task 4
Provide a full circuit and PCB design
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Figure 5
Figure 5 shows the completed circuit diagram with all components added, the main features are;
· Power Supply
· Voltage Regulator
· SD card
· USB
· LED tell
· Start/Stop switch
· Sensor inputs
· Filters
· Gyroscope
To simplify the circuit, it can be broken down into these key sections and be further explained, with each sections components, function and purpose being analysed.


Power Supply & Voltage Regulator


Figure 6
the battery will have a voltage of 14.4V when fully charged, whereas the majority of components including the microcontroller run off a 5V supply. The voltage regulator is used as shown in figure 6 limits the voltage to 5V o supply the PIC. This is beneficial as the voltage will be exactly 5V for the entire duration of the test allowing for the sensors and PIC to be sufficiently powered. The RPM sensor uses a 7.5V to 15V supply so a single wire will be used to power this before the voltage regulator, using this configuration ensures the power reaches all its destinations and that even when the batteries begin to drain, the will be sufficient power throughout the design. 
Potentiometer Input Circuit


Figure 7
Included in Figure 7 is a circuit diagram depicting the connections that will be used for the AiM Car Suspension Potentiometer to connect it into the PIC18F47J53 microcontroller. The simple circuit will use a capacitor and resistor in a low pass filter configuration with the potentiometer connected across the 0-5V power supply. The suspension moving up and down will in turn change the resistance of the potentiometer and change the output voltage, this will then be connected to the microcontroller via a Zener diode to protect from overvoltage. The voltage reading that the microcontroller receives will correspond to a height, being either + or – the origin of the suspension to determine its current position every 0.2s. Proteus has been used to depict the connections between he potentiometer sensor which is external to the PCB and enclosure in the real device.
SD Card
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Figure 8
The SD card holder will be mounted onto the PCB, this will allow for quick insertion and removal of the SD card to upload and download the data, the USB will also be able to transfer this data to the user for them to analyse the performance of the car over the two hour testing period. 










USB


Figure 9
The USB input can be mounted onto the board and connected to the microcontroller accordingly. Using a resistor and a Zener diode on the input to the microcontroller, the USB port can be configured and send or receive data from the pic, or in this case the data stored on the SD card from the recording of the drive.

LED Tell


Figure 10
The LED tell is a simple feature that will light up when the device is turned on, this will indicate to the user that it has started the recording and they are ready to drive. It will come on as soon as the switch is positioned in the on / ‘start recording’ position.



Start / Stop Switch
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Figure 11
This simple switch will allow the user to chose from the modes to ‘record’ and ‘stop recording’, with the on position making the recording begin and the off position ending it. This will be mounted on the outside of the enclosure allowing for easy access, the LED tell will also indicate to the user that the recording is on/off at any point in time.

















Sensor Inputs, Filters and Overvoltage Protection


Figure 12
On each input for the RPM, MPH and engine temperature, the input will come through the Molex connector and trave through a low pass filter, the aim of this is to reduce noise caused by potential magnetic interference and vibrations as the device will be used on a moving vehicle with many sources if noise, like the engine running for example. 









Gyroscope Configuration


Figure 13
For components that are not available in the Easy database, they must be created using the tools provided. The datasheet for the gyroscope contains the pin layout and dimensions as shown in figure 13.


Figure 14
Figure 14 shows the gyroscope after being made in EasyPC. After the pin layout and dimensions are completed, it can be integrated into the circuit design as this is a component that is vital to the function of the system and must be a part of the PCB design. The data for roll, pitch and yaw can be accessed through the output ports of the gyroscope and through the use of code in the microcontrollers C code, this data can be translated into the position and movement of the car an the X,Y and Z axis.



Task 5
Structure Diagram
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Figure 15
Task 6 – Prototype Costs
	Product Name
	Product Type
	Seller
	Quantity
	Cost per unit
	Total

	Sensors
	 
	 
	 
	 
	 

	LSM6DSO32TR
	Gyroscope
	Farnell
	x1
	£5.00
	£5.00

	AiM potentiometer
	Suspension Sensor
	AiM
	x4
	£235
	£940

	Honeywell MA3055S10
	MPH Sensor
	Honeywell
	x1
	£376.21
	£376.21

	OPTRIS OPTCSLT15SFCB8
	Engine Temp Sensor
	Optris
	x1
	£136.33
	£136.33

	Omni Instruments VLS/DA 
	Engine RPM Sensor
	Omni Instruments
	x1
	£390
	£390

	Components
	 
	 
	 
	 
	 

	RS PRO 3.6 Li-On
	Battery
	RS
	x4
	£5.42
	£21.68

	18650 battery holder
	Battery Holder
	Farnell
	x1
	£1.96
	£1.96

	K7805-500R3-LB
	Voltage Regulator
	RS
	x1
	£0.73
	£0.73

	Molex KK 245
	Board Connector
	RS
	x1
	£1.23
	£1.23

	2,5mm CORE SY CABLE
	Protected Cable
	TLC
	x3m
	£1.98
	£5.94

	Molex WM10421-ND
	USB Mount
	Molex
	x1
	£1.16
	£1.16

	MSDC
	SD Card Holder
	RS
	x1
	£0.76
	£0.76

	INTEGRAL V30 Class 10
	MicroSD Card
	Integral
	x1
	£6.99
	£6.99

	Takashi WG Series
	Enclosure
	Takashi
	x1
	£76.99
	£76.99

	RS PRO SPST
	Switch
	RS
	X1
	£2.30
	£2.30

	PIC18F47J53
	Microcontroller
	RS
	X1
	£4.50
	£4.50

	Custom PCB
	PCB
	PCB Way
	X1
	£4.12
	£4.12

	
	
	
	
	TOTAL COST
	£1,975.00



Task 7 – Future Improvements
With any system it is always important to consider future improvements. There is definitely potential to improve the system with added features to make the data transfer easier, and the recording of data more accurate and precise. Some improvements that could be made are;
· Wireless Data Transfer to allow the testing team to access the data in real time via a mobile device.

· Faster scanning rates to obtain more accurate results, this would allow for an even more in depth analysis of the data, especially regarding the roll,pitch,yaw and suspension travel as these change over an incredibly short amount of time. 


· Improved component quality for more precise data, this is because some components were of a higher quality than others based on the frequency of change in their specific measurement. As the suspension travel changes constantly, this was a more expensive sensor than the basic gyroscope used for example.

· Sensors to measure terrain, to compare the cars performance over different environments. A sensor or camera could be fitted below and on the front of the vehicle to scan and map the terrain, to then compare the suspension movement with the size of obstacle the vehicle has traversed. 

· A natural progression would see additional sensors added to measure breaking efficiency and times at different speeds, acceleration and fuel consumption throughout the testing period.













Task 8
Block Diagram


Figure 16
Flowcharts
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Figure 17
The first flowchart shows the process from the human perspective, quite simply, when the switch is turned on, the sensors begin to send data to the microcontroller and SD card and the LED tell shows this process is active. When the switch is then turned off, the process stops and the LED goes off also.
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The next process is the uploading of the information to the user via the USB port. The microcontroller will firstly wait for the host device to be connected and ready for the data to be transferred. Next, the microcontroller will send the data one byte at a time via the USB to the receiving computer, after each byte the microcontroller will check to see if that is the end of the data. If there is no more data to be sent, the process will end, otherwise it will loop and send the next byte until it is complete.
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Figure 19
The final flowchart shows the process of gathering the information during the recording. After the hardware is initialised, the internal clock of the microcontroller will begin to count, this will be the timer for the 2 hour period. The system will then check if the time has elapsed, if so the recordings will end, otherwise it will read the value of the first sensor and write this into the EEPROM, in this case the SD card. To prevent data being written over, there is also a check to see if there is room for the data to be stored, if there is no room, the process will end and the recordings stop.
To allow the microcontroller to check each sensor in turn, they will each be given a number, the microcontroller will check the number that corresponds with the current variables value and each time a sensor is checked, this value will increase by 1. The idea behind this is to allow the sensors to get checked in intervals, the values for each sensor can be selected so that they get chosen more or less often, as the MPH is checked only once per second whereas the suspension is checked 50 times per second. A solution to this could be to have the suspension sensors checked on every even number, and then integrate the other sensors into the cycle periodically. When the variable reaches 100, it could reset and then continue this loop until the time is up.
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Figure 21

Figure 21 shows the PCB with the tracks highlighted, before a full copper pour.
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Figure 23
Figures 22 and 23 show the different stages of the schematic design, and PCB design process.

Bibliography

[1] 	Bosch, “Bosch Motorsport,” 22 01 2019. [Online]. Available: https://www.bosch-motorsport.com/media/downloads/2019-01_data_logger_c_60_datasheet.pdf.
[2] 	Captronic Systems, “Captronic Systems,” 2023. [Online]. Available: https://captronicsystems.com/ivdas/. [Accessed 10 11 2023].
[3] 	CAS Data Loggers, “Cas Data Loggers,” 2023. [Online]. Available: https://dataloggerinc.com/product/rebel-ct-vehicle-data-logger. [Accessed 12 11 2023].
[4] 	Mouser, “Mouser,” Mouser, [Online]. Available: https://www.mouser.co.uk/ProductDetail/STMicroelectronics/I3G4250DTR?qs=v3MacVxtdDJPIS9io4RmPA%3D%3D. [Accessed 13 11 2023].
[5] 	Mouser, “Mouser,” Mouser, 2023. [Online]. Available: https://www.mouser.co.uk/ProductDetail/STMicroelectronics/LSM6DSO32TR?qs=rI7uf1IzohQPdukPhHG9Gw%3D%3D. [Accessed 13 11 2023].
[6] 	RS, “RS,” RS Components, 2023. [Online]. Available: https://uk.rs-online.com/web/p/sensor-development-tools/7813033?gb=s. [Accessed 13 11 2023].
[7] 	Grand Prix Racewear, “Grand Prix Racewear,” AiM, 2023. [Online]. Available: https://www.gprdirect.com/aim-car-suspension-potentiometer. [Accessed 14 11 2023].
[8] 	RS, “RS,” RS Components, 2023. [Online]. Available: https://uk.rs-online.com/web/p/potentiometers/2163051?cm_mmc=UK-PLA-DS3A-_-google-_-CSS_UK_EN_PMAX_Catch+All-_--_-2163051&matchtype=&&gad_source=1&gclid=EAIaIQobChMIo_-syqfIggMVEZaDBx0bggkLEAQYAiABEgJOsfD_BwE&gclsrc=aw.ds. [Accessed 14 11 2023].
[9] 	RS, “RS,” RS Components, 2023. [Online]. Available: https://uk.rs-online.com/web/p/photoelectric-sensors/2044003?cm_mmc=UK-PLA-DS3A-_-google-_-CFS_UK_EN_RS+PRO_PO4700199950-_-Automation+%26+Control+Gear-_-2044003&matchtype=&pla-572135454872&gad_source=1&gclid=EAIaIQobChMI8eGn-KjIggMVhpiDBx1YLwtcEAYYCSABEgL. [Accessed 14 11 2023].
[10] 	RS, “RS,” RS Components, 2023. [Online]. Available: https://uk.rs-online.com/web/p/tachometer-accessories/0622565. [Accessed 14 11 2023].
[11] 	RS, “RS,” RS Components, 2023. [Online]. Available: https://uk.rs-online.com/web/p/photoelectric-sensors/7525102?cm_mmc=UK-PLA-DS3A-_-google-_-CSS_UK_EN_PMAX_Catch+All-_--_-7525102&matchtype=&&gad_source=1&gclid=EAIaIQobChMInf-g0rTIggMVbouDBx2ZKAEMEAQYASABEgI0efD_BwE&gclsrc=aw.ds. [Accessed 15 11 2023].
[12] 	Farnell, “Farnell,” Honeywell, 12 04 2023. [Online]. Available: https://uk.farnell.com/honeywell/ma3055s10/high-temperature-vrs-sensor/dp/1541025. [Accessed 15 11 2023].
[13] 	RS, “RS,” RS Components, 2023. [Online]. Available: https://uk.rs-online.com/web/p/infrared-temperature-sensors/0553333. [Accessed 16 11 2023].
[14] 	Farnell, “Farnell,” Optris , 17 02 2020. [Online]. Available: https://uk.farnell.com/optris/optcslt15sfcb8/ir-sensor-50-to-1030deg-c-m12x1/dp/3865702. [Accessed 16 11 2023].
[15] 	RS, “RS,” RS Components, 2023. [Online]. Available: https://uk.rs-online.com/web/p/rtd-sensors/8968399?cm_mmc=UK-PLA-DS3A-_-google-_-CSS_UK_EN_PMAX_RS+PRO-_--_-8968399&matchtype=&&gad_source=1&gclid=EAIaIQobChMIzr3VisPIggMVGFJBAh2G7ABMEAQYAiABEgJMMvD_BwE&gclsrc=aw.ds. [Accessed 16 11 2023].
[16] 	Farnell, “Farnell,” Honeywell, 2020. [Online]. Available: https://uk.farnell.com/honeywell/sng-qpla-000/speed-direction-sensor-4-wire/dp/2497574?gad_source=1&gclid=EAIaIQobChMIz42vyMfIggMVR4ODBx2O5Qq_EAQYCCABEgIlu_D_BwE&CMP=KNC-GUK-GEN-SHOPPING-PMAX-US-DirectShip-Test1596&gross_price=true. [Accessed 16 11 2023].
[17] 	Onmi Instruments, “Onmi Instruments,” Onmi Instruments, 27 02 2023. [Online]. Available: https://www.omniinstruments.co.uk/displacement-position-sensors/optical-and-proximity-type-rpm-sensors/vls-optical-speed-sensor-with-analogue-output.html. [Accessed 16 11 2023].
[18] 	RS, “RS,” RS, [Online]. Available: www.rscomponents.com. [Accessed 17 11 2023].
[19] 	Switch Electronics, “Switch Electronics,” Switch Electronics, 2023. [Online]. Available: https://www.switchelectronics.co.uk/products/18650-x-4-battery-holder-150mm-leads?variant=45333558755637&currency=GBP&utm_medium=product_sync&utm_source=google&utm_content=sag_organic&utm_campaign=sag_organic&gclid=CjwKCAiAx_GqBhBQEiwAlDNAZo1HYB9jr8OVuW5z. [Accessed 18 11 2023].
[20] 	DigiKey, “DigiKey,” DigiKey, 12 06 2023. [Online]. Available: https://www.digikey.co.uk/en/products/detail/mornsun-america,-llc/K7805-500R3-LB/14543335?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMAX%20Shopping_Supplier_Mornsun_2725_Co-op&utm_term=&productid=14543335&utm_content=&utm_id=go_cmp-204627. [Accessed 18 11 2023].
[21] 	Molex, “Molex,” Molex, 2023. [Online]. Available: https://www.molex.com/en-us/products/part-detail/22022105. [Accessed 18 11 2023].
[22] 	TLC, “TLC,” TLC, 2023. [Online]. Available: https://www.tlc-direct.co.uk/Products/MF2dot5slash3slash1.html?source=adwords&ad_position=&ad_id=&placement=&kw=&network=x&matchtype=&ad_type=pla&product_id=MF2.5%2f3%2f1&product_partition_id=&campaign=shopping_excluded&version=finalurl_v3&gad_source=1&gc. [Accessed 20 11 2023].
[23] 	DigiKey, “DigiKey,” DigiKey, 18 06 2020. [Online]. Available: https://www.digikey.co.uk/en/products/detail/molex/0484080003/4701517?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMAX%20Shopping_Supplier_Molex_0900_Co-op&utm_term=&productid=4701517&utm_content=&utm_id=go_cmp-20569749309_adg-_ad-__dev-c_e. [Accessed 20 11 2023].
[24] 	TOBY electronics, “TOBY electronics,” TOBY electronics, 23 05 2020. [Online]. Available: https://www.toby.co.uk/board-to-board-pcb-connectors/memory-card-connectors/msdc-push-push-type-micro-sd-card-holder/. [Accessed 22 11 2023].
[25] 	currys, “Currys PC World,” Currys, 2023. [Online]. Available: https://www.currys.co.uk/products/integral-v30-class-10-microsd-memory-card-64-gb-10204804.html?istCompanyId=bec25c7e-cbcd-460d-81d5-a25372d2e3d7&istFeedId=4d7eb93e-055f-499d-8ee5-1cdcc50d67d1&istItemId=irlxmripx&istBid=t. [Accessed 22 11 2023].
[26] 	Takashi, “Takashi,” Takashi, 10 10 2023. [Online]. Available: https://www.takachi-enclosure.com/news/51. [Accessed 22 11 2023].
[27] 	Amazon, “Amazon,” Switch Elecxtronics, 2023. [Online]. Available: https://www.amazon.co.uk/Black-Round-20mm-Rocker-Switch/dp/B00TWJAZ6Y/ref=asc_df_B00TWJAZ6Y&mcid=1a549e0755aa3e379a65fbfeb4be566b?tag=bingshoppinga-21&linkCode=df0&hvadid=80608066245263&hvnetw=o&hvqmt=e&hvbmt=be&hvdev=c&hvlocint=&hvlocphy=&hvtargid=pla-45. [Accessed 22 11 2023].





image3.png








image4.png
Famity
[cpu Type

Max CPU Speed (MHz)
lrou

|operation votesge
[Temp Range.

Pin count

[Program Memary Size (48) | .
Error Correction Code:
rogram Flash

lsram

[Dats EcPROWMEF Bytes)
internet DR Type
Internat ORAM Amount
|(mB)

lLow Power ver
|ADC tnput )
[Mex ADC Resotution (Bits) 12
[DAC Outputs
[Number of 0p Amps
[Mardware Touch Peipherai
Juarr

e

3

s

Jssc
[Number of Us8 Modules |1
US8 Itertace ==
[Number of CAN Modues
[Type of cAN module
xhernee

[Max .81 Digitl Timers
[Max 1681 Digca Timers |4
[Max 32 i Digie Timers
[Mardware RTCCRTC
IMax Pt outputs
(including complementary)
Number of PWM Time Bases]
|Crypto Engine

AR Trust Zomes
[segmenteaco
|Graphics controter/Gpu
[Video Decoer
[Budgetary price USD)

37100075 K0

PIC18F24)50
Microchip

delete
35 vcy
3 5 ic wcu
s e

evasn
D085
25

16 R

7100075 K0

10
10

75 Devce

PIC18F2653
Microchip
gelete
ey
st vy
i

2vaen
(201085
2

6t
37103375 kD

()

1

i
75 Devce

PIC18F46)53
Microchip
gelete
vy
3 ic U
s

avasn

3710975 K0

i
2

75 Deve

ves

|Other Features

T o power and hgh
performance 8 bit MCU with
e ated full Speed USD 20,
igh memory density and
peripheralfiexibaty comes in a
sl pckage for cos sensiive
ation i the PIC1B | series.

4

T o power and hgh 5
performance 8 bit MCU with

et ated fos speed USB 20 and
peripheral flexibay comes in s

sl pockage lor costsersivve ¥
sppications i the PIC1S | series.
New festures incude Deep sieep _ )

[T fow pomer an high 5
erformance 8 it MCU with

peripheral fiexbity com -
ol package for cost sensiive
appscotion i e P13  seres. | /)

s o power and high
[performance 8 bt MCU with
iotegyated ful Speed USD 2.0,
1igh memory densiy ant
[peripherai flexbty comes n a
small package for costsensitve

[appscation n the PICT8 | series.

A







image5.png





image6.png





image7.png





image8.png





image9.png





image10.png





image11.png





image12.png





image13.png





image14.png





image15.png





image16.png





image17.png





image18.png





image19.png





image20.png
>





image21.png





image22.png





image23.png





image24.png
r,j'/ fh
%&@@





image25.png





image1.png




image26.png





image27.png
Lock

Y. A
integral
ultimar=o

integral A
vl [TliENO
e S
B @Al

Adapter
64GB i






image28.png




image29.png




image30.PNG
=





image31.png





image32.png
v

RV1
R1

— ——

ok

L c1 Z9D1

nF

m0zss

L c2 ZND2

nF

wmi10zss

v

Rv4
R4

— ——

ok

RV3
R3

L c4 ZSD4

inF

m10zss

—

o

L¢3 ZND3

nF

1025






image33.png




image34.png
mlo
Ik

)
ZENER
psc

o
Ik

Re
1K

USEla
usE
0sE





image35.png
22

R4
1K

LED1
LED SMM RE





image36.png




image37.png
R4
1K
73
s
Fi2
1K
E
1K






image38.png
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