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[bookmark: _Toc151303907]Abstract
This report contains the detailed design of an 8-bit PIC microcontroller based automotive data acquisition system. It is an independent, portable, and re-usable battery powered system and is therefore not connected to the vehicle’s electronics or signals in any way. The system will collect data over a 2 hour period from a range of sensors fitted to the vehicle and store the data to non-volatile memory in order for it to be externally analysed via USB on computer software. 
[bookmark: _Toc151303908]Introduction 
An In-Vehicle Data Acquisition System (IVDAS) is a specialised technology designed for collecting and analysing various types of data from many sensors within a vehicle. These systems play a crucial role in automotive engineering, research, development, and testing. The purpose of these systems is to provide in depth analysis in to the behaviour of production prototype cars. The minimum requirements of this brief illustrate the following data to be gathered from the production prototype car:
· Engine RPM
· Engine Temperature 
· Front and rear suspension travel
· Pitch, roll and yaw
· Vehicle road speed (MPH) 

[bookmark: _Toc151303909]Literature Review
Shown in Table 1 below is a selection of portable vehicular data acquisition systems available on the market. As you can see, there are all very similar in design. Most if not all of the systems have been tested to withstand high levels of shock (some up to 100G) and vibration, as well as an IP67 rating, meaning the devices are protected against contact with objects greater than 1mm and will withstand immersion in water up to 1 metre while under pressure. They achieve this by using stainless steel casing and waterproof connectors. All have built in internal memory of 4GB or more for data storage as well as a plethora of communication protocols and ports. All the examples use the controller area network (CAN), which is a high-speed serial bus system for intelligent networking devices. They are commonly used in the automotive industry to allow the electronic control unit (ECU) to communicate with multiple CAN devices through a single interface rather than analog and digital inputs to each device in the system. [1]















[bookmark: _Ref149157591]Table 1 - Portable Vehicular Data Acquisition Systems
	Brand
	2D Debus & Diebold Meßsysteme GmbH
	Bosch
	DEWESoft
	Influx Technology
	Campbell Scientific

	Model
	Logger 9
	C80 Data Logger
	Krypton CPU
	Rebel CT CAN FD Data Logger
	Granite 10
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	[image: GRANITE 10 Measurement and Control Data-Acquisition System]

	Key Features
	• Portable
• Vibration and Shock Rated
• IP67 Rated
• CAN, Ethernet Interfaces
• 8GB Internal Memory
• 10kHz Sample Rate
	• Portable
• 4GB Memory
• IP67 Rated
• CAN, Ethernet Interfaces
	• Portable
• Vibration and Shock Rated
• IP67 Rated
• 256GB SSD Storage
• EtherCAT, CAN Interfaces
	• Portable
• IP65 Rated
• CAN, LIN Interfaces
• 128GB SD Card 
• OBD, CAN Interfaces
	• Portable
• CAN Interface
• 16GB SD Card

	Communication Ports
	• 4 Digital Inputs
• 32 Analog Inputs
• USB, RS232
	• 4 Digital Inputs
• 26 Analog Inputs
• 4 x PWM Outputs
• RJ45, RS232
	• 3 USB Ports
• RJ45 Connector
• EtherCAT Port
• DVI Video
	• 3 Digital I/O 
• 4 Analog Inputs
• 4x CAN, 2xLIN
	• 8 Digital I/O
• 8 Serial I/O
• USB, RS232, RJ45

	Link
	[2]	[3]
	[4]	[5]	[6]














[bookmark: _Toc151303910]Component Selection
[bookmark: _Toc151303911]Microcontroller Selection 
The microcontroller unit (MCU) selected for the portable vehicular data acquisition system is the Microchip PIC18F24J50. This was chosen using Microchip’s advanced part selector tool, shown in Figure 1, which provided a suitable list of PIC microcontrollers based upon the minimum requirements shown in Table 2. 
This PIC18F24J50 was selected for the following reasons:
· PIC18 family incorporates the maximum level of performance and integration with the ease of use of an 8-bit architecture. [7] Popular and widely used in various applications due to simplicity, cost effectiveness, proven reliability, as well as low power consumption and multiple peripheral integrations such as UART, SPI and I2C. 
· 28 I/O pins exceeding the minimum requirements, leaving 5 spare pins.
· Clock frequency of 48MHz provides ample performance to carry out the data acquisition.
· Compatible with USB and SPI for external SD card storage of data.
· Easily programmable and supports various compilers including XC8 compiler. 
· Low operating voltage. Between 2V-3.6V.
· Temperature range sufficient for environment. Between -40-85°C. 
· Has real time clock (RTC) for recording date and time of acquired data?
· 8-bit and 16bit timers.
[bookmark: _Ref148882815]Table 2 - MCU Component Requirements
	Component
	Digital
	Analog
	I/O

	Engine RPM
	Encoder
	1
	 
	Input

	Vehicle Speed
	Encoder
	1
	 
	Input

	Engine Temperature
	Infrared, RTD or Thermocouple
	 
	1
	Inputs - ADC 10 bit

	Suspension Travel
	Potentiometers
	 
	4
	Inputs - ADC 10 bit

	Pitch, roll and yaw
	Gyroscope
	
	3
	Input - ADC 10 bit

	MCLR Switch
	External reset control
	1
	 
	Input

	Start Button
	Latching
	1
	 
	Input

	LED
	Run Indicator
	2
	 
	Output

	USB
	Serial Interface 
	3
	 
	VCC, D+, D-

	SD Card
	Serial Interface 
	4
	 
	MOSI, MISO, SCK, CS

	Total Pins Required

	Digital
	13

	Analog
	8

	Power Pins
	2

	Total  
	23

	Peripherals/Modules Required

	ADC
	8

	SPI
	1

	USB
	1
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[bookmark: _Ref148550673][bookmark: _Ref148883158][bookmark: _Toc151303938]	Figure 1 – Microchip Advanced Part Selector [8]	
A selection of 4 suitable MCU’s were entered into a comparison table using the Microchip side by side comparison tool to compare and contrast the functions of each suitable MCU in order to select the most appropriate PIC for the application, shown in Figure 2.
[image: A screenshot of a computer
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[bookmark: _Ref148555375][bookmark: _Toc151303939]Figure 2 - Microcontroller comparison table [9]


[bookmark: _Toc151303912]Enclosure
It is important for the chosen housing to have a metallic construction to protect the PCB of the data acquisition system. Although other waterproof options are available, such as the Deutsch PCB Enclosure, they all seem to have a plastic construction which will not protect the delicate PCB or provide the same rigidity for solid connector mounting that a metal enclosure will provide. Sealing paste or a gasket kit on the enclosure end plates, coupled with IP65 or higher connectors will adequately protect the internal parts from the environment. The housing is likely to be mounted in an area that has good cable access to all parts of the car, such as inside the firewall, where cables can be routed through to the engine bay.
Table 3 - Enclosure Comparison Table
	Enclosure
	METCASE Unicase Instrument Enclosures
	Lincoln Binns E-Case B Enclosure
	Deutsch PCB Enclosures

	
	

[image: Highly versatile instrument enclosures ideal for customising]
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	Features
	- Anodised aluminium
- Customisable
- Removable internal chassis
	- Aluminium 6063 
- 1.5mm thickness
- Carrier plate for mounting up to 100mm wide PCB
- Customisable size and cut outs for connectors
	- Thermoplastic
- Moisture resistant
- Vibration tested to 20 G’s
- Shock tested to 50 G’s
- Designed to used with Deutsch connectors

	Price
	Quotation required
	£21.92
	Quotation required

	Link
	[10]	[11]	[12]












[bookmark: _Toc151303913]Non-Volatile Memory
Table 4 below shows each parameter to be measured, the range required to measure all possible values that could occur, the resolution of each parameter and subsequently the number of bytes of data that each sensor will store per sample.
[bookmark: _Ref148884872]Table 4 - Memory Sizing
	Parameter
	Range
	Resolution
	No. of possible values
	No. of bits required
	No. of bytes required

	Engine RPM
	0 - 8000RPM
	10RPM
	800
	10
	2

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

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

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

	Rear Right Suspension Travel
	-150mm - +150mm
	1mm
	300
	9
	2

	Rear Left 
Suspension Travel
	-150mm - +150mm
	1mm
	300
	9
	2

	Pitch
	-45° - +45°
	0.5°
	180
	8
	1

	Roll
	-45° - +45°
	0.5°
	180
	8
	1

	Yaw
	0° - 360°
	1°
	360
	9
	2

	Vehicle Road Speed (MPH)
	0 - 255MPH
	1MPH
	256
	8
	1

	
	
	
	
	Total number of bytes per sample
	16



To calculate the data storage requirements per 2-hour test drive, the following equation was used. The chosen sample rate is 50Hz therefore,
16 𝑏𝑦𝑡𝑒𝑠 ×50𝐻𝑧 ×60 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 ×60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 ×2 ℎ𝑜𝑢𝑟𝑠 =5,760,000 𝑏𝑦𝑡𝑒𝑠 𝑝𝑒𝑟 𝑡𝑤𝑜 ℎ𝑜𝑢𝑟 𝑡𝑒𝑠𝑡
The storage required for a 2-hour test drive is 5.76MB, this will be externally read and cleared when connected to a computer via USB. 
To store the captured data to non-volatile memory, a Kingston SDIT/8GB Industrial SD Card will be used, along with a 9-pin surface mount Wurth Elektronik memory card connecter to interface the SD card with the MCU. It is important to use an industrial SD card for this application due to the vibration, shock, and wide operating temperature ranges that it may be subjected too. 8GB is more than enough to store the anticipated 5.76MB data acquisition of the 2-hour test drive and is much more cost effective when compared to other options such as the Innodisk DS2A-128I81C1B, 128MB Industrial SD Card which is £21.59 [13]. Both are rated to the same operating temperature of -40°C to 85°C. 
[bookmark: _Toc151303914]Battery
Table 5 below shows a selection of rechargeable battery types that could be used for the data acquisition system. This will allow the user to remove the battery from the unit to be recharged rather than discarded for new batteries.  A minimum of 5V is required for the sensors and MCU used in this design. Preferably the batteries should not be used in parallel to increase current capacity as this could lead to the batteries not fully charging simultaneously when being recharged by the user. The datasheet of PIC18F24J50 states the power consumption when CPU is on is 6.2A and as low as 830nA in sleep mode with a real time clock, therefore all of these batteries will be sufficient for multiple 2-hour test drives. To supply the circuit, a 7805 voltage regulator will interface the battery to the MCU and will ensure a stable +5V output. A 7805 regulator must have a supply voltage of 7V or more to supply a 5V output [14], therefore the most suitable battery supply is the Overlander 9.6V 2300mAh (NiMH) battery, due to its relatively small size, 9.6V supply and large current capacity.  
[bookmark: _Ref149415215]Table 5 - Battery Selection
	Battery
	Overlander 6V 
	Overlander 9.6V 
	RS RRO 3.2V 18650  
	GP Batteries 9V 

	
	

[image: 2590 - Premium Sport 6V 3300mAh Sub C NiMH RC Battery Pack]
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	[image: RS PRO, 3.2V, 18650, Lithium Phosphate Rechargeable Battery, 1.5Ah]
	[image: GPRHV208R088 - Recyko Pre-Charged NiMH Rechargeable 9V Battery, 200mAh]

	Features
	- 3300mAh (NiMH)
- Rechargeable
- SubC 3800mAh 1.2V
	- 2300mAh (NiMH)
- Rechargeable
- AA 2300mAh 1.2V
	- 1500mAh (Lithium)
- Rechargeable
- 18650 3.2V
	- 200mAh (NiMH)
- Rechargeable 
- 6LR61 9V

	Price
	£19.45
	£26.50
	£16.02 (2)
	£9.99

	Link
	[15]	[16]	[17]	[18]


[bookmark: _Toc151303915]Sensors
[bookmark: _Toc151303916]Engine RPM and Vehicle Road Speed (MPH) 
Engine RPM is related to vehicle speed but there is not a direct relationship between the two due to the vehicle’s transmission ratio, therefore two sensors will be required, one on the vehicle’s crankshaft/flywheel and the other mounted near the wheel hub. The most suitable sensor when compared in Table 6 below is the inductive speed sensor due to cost, a 5V supply which will interface well with the chosen battery and PIC and fact that it only needs to detect rotating ferrous material to function.
[bookmark: _Ref149501784]Table 6 - RPM and Vehicle Speed Sensors
	Sensor
	Optical Speed Sensor
	Inductive Speed Sensor
	Hall Effect Sensor

	
	
[image: ]
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	Type
	Optical
	Magnetic
	Magnetic

	Pros
	- Contact-free detecting
- IP67
	- 5V Supply Voltage
- Contact free detecting
- Accurate and reliable
- Only requires a ferrous target to function
	- 5V Supply Voltage
- IP67

	Cons
	- 10V Supply Voltage
- Expensive
- Could be affected by environmental conditions
	- Complex installation due to alignment distances
	- Requires a magnet as an activator
- Complex installation due to alignment distances

	Price
	€254.10/£221.56
[19]
	£70.20
[20]
	£85.48
[21]



[bookmark: _Toc151303917]Engine Temperature 
Having compared the different types of temperature sensors in Table 7, the chosen temperature sensor is a PT100 RTD, this is an inexpensive sensor that can be mounted to the side of the engine block and will interface nicely with the MCU using a voltage divider circuit to measure the linear change in resistance across the RTD, which will allow us to measure the temperature of the engine accurately. 
[bookmark: _Ref149588238]Table 7 - Engine Temperature Sensors
	Sensor
	Infrared Temperature Sensor
	Resistance Temperature Device (RTD)
	Thermocouple
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	Type
	Non-Contact
	Contact
	Contact

	Pros
	- Contact-free detecting
- IP67
- -30°C - 200°C range
- 5V supply voltage
- Can be mounted in any location
	- -50°C - 250°C range
- 0.1s response time
- Known linear resistance change
- Accurate and reliable
	- 0°C - 350°C range
- Easy to mount


	Cons
	- Expensive
	- Will need to be mounted to the engine block
	- Small voltage output would require amplification for measurement 
- Will need to be mounted to the engine block

	Price
	£115
[22], [23]
	£32.09
[24], [25]
	£16.47
[26], [27]














[bookmark: _Toc151303918]Suspension Travel 
Having compared an array of sensor types that could be used for suspension travel measure, shown in Table 8, the chosen sensor is a wire potentiometer. It is not the cheapest option out of the three but its rugged design, large measurement range of 1270mm and the ease of interfacing it with the MCU makes it the most suitable sensor of choice.
[bookmark: _Ref149590730]Table 8 - Suspension Travel Sensors
	Sensor
	Reflective Distance Sensor
	Linear Displacement Sensor
	Wire Potentiometer
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	Type
	Non-Contact
	Mechanical
	Mechanical

	Pros
	- Contact-free detecting
- Inexpensive 
- 300mm range
	- Aluminium and stainless-steel design
- 450mm travel
- Shock tested to 50 G’s
	- 1270mm travel
- Simple voltage divider interface to MCU
- Rugged

	Cons
	- Easily affected by environmental conditions 
- Plastic design 
	- Complex installation 
- Expensive
	- Could be hard to mount
- Expensive

	Price
	£9.32
[28], [29]
	
£357.64
[30], [31]

	£260.12
[32], [33]


[bookmark: _Toc151303919]Pitch, Roll and Yaw 
Having compared two types of sensor for the measurement of pitch, roll and yaw in Table 9, the chosen sensor is a gyroscope, due to its accuracy and connection interface, although expensive, as 3 individual gyroscopes will be required to measure each variable, it offers a rugged aluminium design and a linear output dependent on angular speed which can be easily interfaced with the MCU.  It interfaces far easier with the MCU than the accelerometer which will also require complex setup and calibration.
[bookmark: _Ref149595115]Table 9 - Pitch, Roll and Yaw Sensors
	Sensor
	Gyroscope
	Accelerometer 

	
	[image: ]
	[image: ]

	Pros
	- 5V Power Supply
- 0.1° Resolution
- Accurate
- Rugged design
- -200° - 200° range
	- I2C digital interface
- 3.6V Supply
- Inexpensive 

	Cons
	- Expensive 
- Mounting is crucial for datum
	- Complex/not suitable for design

	Price
	€693/£604.65
[34], [35]
	£7.25
[36], [37]


[bookmark: _Toc151303920]Connectors
Table 10 below shows a range of connectors available on the market for use in the automotive industry. Having compared all types, the chosen connector is the Lemo Optima M-Series connector due to its metallic construction and its ratchet coupling connection system which provides extremely high vibration resistance as well as an IP68 rating, which provides a dust tight and watertight connection for continuous immersion in water. This connector is also freely available on Mouser and RS Online for purchase.  
[bookmark: _Ref149487751]Table 10 – Connector Selection
	Connector
	Deutsch DT Series
	Binder
	Souriau-Sunbank 8STA and 8TA Series
	Lemo M-Series
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	Features
	- Designed for commercial vehicles 
- Cantilever latches 
- Thermoplastic housing
-IP68
	- Screw locking 
- 2 to 12 poles
- Up to IP69 
	- Self-locking coupling mechanism
- Quick coupling 1 1/4 turn to mate
- Colour coding for key orientation
- Shock and vibration tested for motorsport use 
- IP67
	- Ratchet Coupling
- Suitable for data, signal, and power applications
- Metallic 
- Multiple key options to prevent mis-mating 
- IP68

	Link
	[38]	[39]	[40]	[41]











[bookmark: _Toc151303921]Design
Figure 3 shows the circuit design, created in proteus prior to building the PCB. Variable resistors are used for illustration purposes to simulate a varying sensor output voltage.
[image: A computer screen shot of a diagram
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[bookmark: _Ref150885394][bookmark: _Ref150885347][bookmark: _Toc151303940]Figure 3 - Proteus Circuit Design
[bookmark: _Toc151303922]RC Clamp Circuit 
To ensure the voltage received from the sensors to the MCU does not exceed 5V, a clamp circuit containing a 5.1V Zener diode and current limiting resistor is used. This prevents voltage spikes that could damage the MCU. 
[image: A diagram of a circuit
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[bookmark: _Ref150365078][bookmark: _Toc151303941]Figure 4 - RC Clamp Circuit

[bookmark: _Toc151303923]Anti-aliasing Circuit 
The signal sample rate of all sensors is 50Hz, therefore, to prevent aliasing during signal processing, an anti aliasing circuit has been used on all analog inputs to attenuate frequencies above the Nyquist frequency before sampling, to ensure the signal is properly represented without distortion. Refer to Figure 4. 



Current in this design is limited to 500µA, therefore for all analog RC circuits,



[bookmark: _Toc151303924]Engine RPM
The supply voltage to the RPM sensor is 5V, when a ferrous part passes the sensor, it will generate a pulsed voltage output relative to the rotational frequency of the engine.
The following equations were used to calculate the RC network values to limit current to 500µA and to filter out high frequency noise above the 8000RPM range,





The sensor will be mounted facing the flywheel, with the RPM being dependent on the number of teeth/pickups on the flywheel. If a flywheel has 10 pickups, the inductive sensor will output 10 pulses per revolution, when carrying out the calculations, the 50Hz sampling rate must be taken into account,


[image: A diagram of a motor
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[bookmark: _Toc151303942]Figure 5 - Engine RPM Sensor Circuit
[bookmark: _Toc151303925]Vehicle Road speed (MPH) 
The supply voltage to the road speed sensor is 5V, when a ferrous part passes the sensor, it will generate a pulsed voltage output relative to the rotational speed of the wheel. The sensor will be mounted on the wheel hub measuring the rotational speed of the tone ring, a toothed ring and will work in the same way as the rpm sensor. If there are 10 pulses per revolution, the following equations will be used to determine road speed in MPH, 






The following equations were used to calculate the RC network values to limit current to 500µA and to filter out high frequency noise above the 255MPH range,




[image: A diagram of a road speed
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[bookmark: _Toc151303943]Figure 6 - Road Speed (MPH) Sensor Circuit
[bookmark: _Toc151303926]Engine Temperature 
The engine temperature measurement will have a range of 50°C - 150°C. The PT100 RTD is fed by a 5V constant voltage source and makes up a voltage divider circuit with a fixed resistor. The resistance of the RTD will change in a linear fashion according to temperature and as a result, Vout (voltage across the RTD) also changes. The value of fixed resistor (10KΩ) was chosen to limit current across the sensor to 500µA to prevent drift errors caused by self-heating problems that could occur if there was a large voltage drop across the RTD, as well as taking into account the signal to noise ratio decrease if the value of fixed resistance was increased. 

With a resolution of 1°C, the resistance of the pt100 sensor will change by 0.384Ω according to the datasheet of the chosen sensor. [25] At 50°C the resistance of the pt100 sensor is 119.4Ω, while at 150°C, the resistance will be 157.31Ω. The voltage on the ADC pin of the MCU for the given temperature range is shown below. The low pass filter uses a very high capacitance value of 100µF to avoid potential noise mixing with the temperature voltage.  



[image: A diagram of a motor
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[bookmark: _Toc151303944]Figure 7 - Engine Temperature Sensor Circuit
[bookmark: _Toc151303927]Suspension Travel
The wire potentiometers which measure the suspension travel at all four corners of the car have a range of 1270mm, when setup on the car, the car will sit in the middle of this range to allow for 150mm of movement each way. The sensor will be supplied with 5VDC, it has a variable input resistance of 10KΩ and the voltage output signal change over the full stroke range is 94% [33]. When the suspension travel moves, at the full stroke range the voltage output across the potentiometer will be close to 5V. A 1KΩ resistor is placed in series with the potentiometer output to protect the input pin in case of a short circuit across the potentiometer. 
[image: A diagram of a circuit
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[bookmark: _Toc151303945]Figure 8 - Suspension Travel Sensor Circuit
[bookmark: _Toc151303928]Pitch, roll and yaw
The chosen gyroscope has a working range of 400°, providing a 0.5V output at -200°/s and 4.5V at 200°/s, the voltage output is linear in respect to angular speed measured. To measure angular position, software would be required to convert this output. Pitch, roll, and yaw is individually measured by three gyroscopes and fed to ADC pins on the MCU [34].
[image: A screenshot of a device

Description automatically generated]
[bookmark: _Toc151303946]Figure 9 - Pitch, roll and yaw Sensor Circuit




[bookmark: _Toc151303929]LED Status Lights
The LED status lights will be mounted in the casing of the data acquisition system and will be configured using two digital 5V output pins, the green LED will illuminate when the system is on and healthy, the red LED will illuminate when there is a problem.
The following values are taken from the datasheet of the chosen LED [42], 
Forward current – 10mA
Forward voltage red – 2.1V
Forward voltage green – 2.3V
Source voltage – 5V



[image: A screenshot of a diagram
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[bookmark: _Toc151303947]Figure 10 - LED Status Light Circuit










[bookmark: _Toc151303930]Power Circuit
Shown in Figure 11 below is the power circuit for all sensors and the MCU. The 9.6V battery connects to the PCB via a 2pin connector and is protected with a diode and a 1.5A fuse is used to protect the circuit in case the 7805 linear regulator was to fail. A SPST switch mounted on the casing of the unit allows the user to turn the data acquisition system on and off. The 7805 regulator will regulate the battery voltage, providing a constant 5V power supply at 1.5A to the circuit [14]. As there is not much difference between the input and output voltage, there won’t be too much heat generated.
[image: A diagram of a circuit
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[bookmark: _Ref150425038][bookmark: _Toc151303948]Figure 11 - Power Circuit
[bookmark: _Toc151303931]Structure Diagram 
Figure 12 below shows the structure diagram for the MCU, including I/O port configuration and the necessary peripherals for data storage and reading/writing to the device via USB. 
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[bookmark: _Ref149637686][bookmark: _Toc151303949]Figure 12 - Structure Diagram









[bookmark: _Toc151303932]Software Flow Charts 
Figure 13 shows the main flow chart for the system, this is where the device is powered on, everything is initialised, and the device will look to see if it is connected to a PC via USB or not. If it is not, it will go into data acquisition mode, shown in Figure 15. If it is, it will go into data upload mode shown in Figure 14.
[image: ]
[bookmark: _Ref149676407][bookmark: _Ref149676403][bookmark: _Toc151303950]Figure 13 – System Start Flow Chart




















Figure 14 shows how to device will function when in data upload mode, connected to PC software via USB. This will allow the user to read data from the SD card, where the device will carry out cyclic redundancy checks to ensure the byte of data has been received correctly. Once all data is received, the device will allow the user to connect sensors while connected to the software for testing purposes and clear the stored data on the SD card.
[image: ]
[bookmark: _Ref149676509][bookmark: _Toc151303951]Figure 14 – Data upload mode flow chart





Figure 15 shows how the system will function when in data acquisition mode. All readings will be measured at a rate of 50Hz, time interval of 20ms. Thus, if the time instant is equal to the sampling time/interval, sensor readings will be taken and stored. It was decided that all sensor data will be sampled at the same rate for ease of programming and hardware usage.
[image: A flowchart of a program
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[bookmark: _Ref149676486][bookmark: _Toc151303952]Figure 15 – Data acquisition mode flow chart




[bookmark: _Toc151303933]Easy PC Design 
Below in Figure 16 is the PCB schematic design created using EasyPC software, this was created using the Proteus schematic shown in Figure 3. The light blue lines are signal nets, the yellow lines are power, and the dark blue lines are ground connections. 
[image: ]
[bookmark: _Ref151038902][bookmark: _Toc151303953]Figure 16 - EasyPC Schematic Diagram
The PCB components were packaged tightly on the board to save on space, the top and bottom layers are shown in Figure 17 and Figure 18 respectively. Signal tracks were routed on the top surface of the board, while power tracks were routed on the bottom surface to keep tracks separate. All ground connections are made using a copper pour which covers all areas of the PCB top layer that do not have components or traces on them. This provides the return path for electrical current, shields the board from electromagnetic interference (EMI), dissipates heat and is grounded through the 3.5mm mounting holes which will be used to bolt the PCB to the metal casing of the data acquisition system. Each component name is printed on the board, and all align vertically to aid reading [43].
[image: A red circuit board with black and yellow lines
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[bookmark: _Ref151040026][bookmark: _Toc151303954]Figure 17 - PCB Design Top Layer
[image: A computer screen shot of a circuit board
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[bookmark: _Ref151040030][bookmark: _Toc151303955]Figure 18 - PCB Design Bottom Layer
Figure 19 and Figure 20 show the 3D view of the PCB. All sensors and battery supply will connect externally via a wire harness to the connector pins mounted on the PCB.
[image: A yellow circuit board with many small components
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[bookmark: _Ref151040304][bookmark: _Toc151303956]Figure 19 - PCB 3D View Front
[image: A green circuit board with yellow lines
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[bookmark: _Ref151040305][bookmark: _Toc151303957]Figure 20 - PCB 3D View Back



Gerber files of the PCB design were created and uploaded to JLCPCB, who provide a build cost for the 81x81mm PCB, shown in Figure 21 and Figure 22. The cost shown is for a minimum order quantity of 5.
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[bookmark: _Ref151040991][bookmark: _Toc151303958]Figure 21 - JLCPCB Order [44]
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[bookmark: _Ref151040992][bookmark: _Toc151303959]Figure 22 - JLCPCB Order Cost [44]
[bookmark: _Toc151303934]Build Costs
A prototype build cost excel sheet was created, shown in Figure 23 below. The total cost of the project is £5189.90 including 20% VAT. 
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[bookmark: _Ref151041651][bookmark: _Toc151303960]Figure 23 - Prototype Build Costs
[bookmark: _Toc151303935]Suggested Improvements 
Having carried out extensive research into data acquisition systems and sensors and following the build of this system, these are some suggested improvements for the next iteration: 
· External SD Card and USB connection, this would save having to open the casing to access or connect to the datalogger. This could affect IP rating and was the reason for not incorporating this into the design.
· It is bad practice to use 90° bends in PCB track design, a future design would adhere to best design practice, using 45° PCB track design. 
· Real time clock (RTC) – The MCU has a built in RTC, but this would need to be programmed into the design to record time and date of collected data.
· When assigning nets to the PCB design, a signal net was created, this resulted in unnecessary false errors due to a perceived ‘gap in net,’ to avoid this error, each signal connection will keep its own pin net as apposed to assigning a signal net. 
· Separate power supplies for digital and analog circuitry to prevent possible interference. 
· Bluetooth or Wi-Fi functionality could be added to allow the user to access data without physically connecting to the device.
· Use of large multipin connectors to simplify cable connections to the device, similar to the 41 pin Deutsch AS212-41PA connector used on the Datalogger 9 from ‘2D Debus & Diebold Meßsysteme GmbH.’
[bookmark: _Toc151303936]Conclusion 
The design of the microcontroller-based automotive data acquisition system detailed in this report presents a comprehensive and versatile solution for gathering crucial performance data of a production prototype car over a 2-hour test period. The system measures parameters such as engine RPM, engine temperature, suspension travel, pitch, roll, yaw, and road speed and saves this data to non-volatile memory in the form of an SD Card that can be externally read and cleared when connected to a computer via USB. 
The metal enclosure and heavy-duty connectors selected are expensive but will provide a ruggedness to the design that will allow it to be portable and suitable for operation in changing environments. Moreover, by implementing the improvements detailed above and introducing adjustments to the software and calculations to accommodate diverse wheel sizes and variations in flywheel sensor pickups for different vehicles, this system becomes widely versatile.  
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Red/Green LED Panel Mount https://cpc.farnell.com/dialight/559-3501-007f/led-indicator-he-red-grn/dp/SC11894?mckv=sFI5o7Gy2_dc|pcrid|490819648764|kword||match||plid||slid||product|SC11894|pgrid|52622823332|ptaid|pla-374157236052|&CMP=KNC-GUK-CPC-SHOPPING-946695261-52622823332-SC11894&s_kwcid=AL!5616!3!490819648764!!!network}!374157236052!&gclid=CjwKCAjw7oeqBhBwEiwALyHLM3EE54jjowko-CsHW0v2lphFXG5lDchT4sRLElZGWAyM85UJ9JuRJhoC9KMQAvD_BwE £2.07 1 £2.07 https://www.farnell.com/datasheets/1948894.pdf

Micro USB Panel Mount Connector https://cpc.farnell.com/bulgin-limited/pxp4043-b/usb-cable-2-0-type-b-5pos-header/dp/CN23812 £13.72 1 £13.72 https://www.farnell.com/datasheets/2037530.pdf

 RS PRO Inductive Sensor - RPM https://uk.rs-online.com/web/p/motion-control-sensors/0304172 £70.20 1 £70.20 https://docs.rs-online.com/2da0/0900766b815827d3.pdf

 RS PRO Inductive Sensor - MPH https://uk.rs-online.com/web/p/motion-control-sensors/0304172 £70.20 1 £70.20 https://docs.rs-online.com/2da0/0900766b815827d3.pdf

RS PRO PT100 RTD Sensor - Engine Temperature https://uk.rs-online.com/web/p/rtd-sensors/2371613 £32.09 1 £32.09 https://docs.rs-online.com/192c/A700000008837977.pdf

TE Connectivity SP1-50 Wire Potentiometer - Suspension https://www.mouser.co.uk/ProductDetail/Measurement-Specialties/SP1-50?qs=6mErgoZBfVIl%252B2jQk8xyEA%3D%3D&mgh=1&vip=1&gclid=Cj0KCQjwqP2pBhDMARIsAJQ0CzrQQYeMRT1thKqzT_s-zhZZjNISelTm3wxhs9thxLehcdoAtWO5XH4aAiSjEALw_wcB £260.12 4 £1,040.48 https://docs.rs-online.com/b83a/0900766b8142cde6.pdf

2D Datarecording Gyroscope - Pitch, Roll and Yaw  https://www.csrmotorsport.com/tienda/Gyro-%C2%B1500%C2%BA-s-1-Eje-p193280406 £604.65 3 £1,813.95 http://2d-datarecording.com/Downloads/Datasheets/Sensors-dynamic/Pdf/SA-GYxxxV4-000-DINA4.pdf

RPM Connector (Male) - FGN.1M.303.XLCT https://www.mouser.co.uk/ProductDetail/LEMO/FGN.1M.303.XLCT?qs=BpQ5zMcxL3CaZmKWljs56A%3D%3D £62.94 1 £62.94 https://www.lemo.com/pdf/FGN.1M.303.XLCT.pdf

RPM Connector (Female) - EGN.1M.303.XLM https://www.mouser.co.uk/ProductDetail/LEMO/EGN.1M.303.XLM?qs=BpQ5zMcxL3CRJ47lekeQ%252Bw%3D%3D £48.37 1 £48.37 https://www.lemo.com/pdf/EGN.1M.303.XLM.pdf

MPH Connector (Male) - FGN.1M.303.XLCT https://www.mouser.co.uk/ProductDetail/LEMO/FGN.1M.303.XLCT?qs=BpQ5zMcxL3CaZmKWljs56A%3D%3D £62.94 1 £62.94 https://www.lemo.com/pdf/FGN.1M.303.XLCT.pdf

MPH Connector (Female) - EGN.1M.303.XLM https://www.mouser.co.uk/ProductDetail/LEMO/EGN.1M.303.XLM?qs=BpQ5zMcxL3CRJ47lekeQ%252Bw%3D%3D £48.37 1 £48.37 https://www.lemo.com/pdf/EGN.1M.303.XLM.pdf

Engine Temperature Connector (Male) - FGN.1M.303.XLCT https://www.mouser.co.uk/ProductDetail/LEMO/FGN.1M.303.XLCT?qs=BpQ5zMcxL3CaZmKWljs56A%3D%3D £62.94 1 £62.94 https://www.lemo.com/pdf/FGN.1M.303.XLCT.pdf

Engine Temperature Connector (Female) -  EGN.1M.303.XLM https://www.mouser.co.uk/ProductDetail/LEMO/EGN.1M.303.XLM?qs=BpQ5zMcxL3CRJ47lekeQ%252Bw%3D%3D £48.37 1 £48.37 https://www.lemo.com/pdf/EGN.1M.303.XLM.pdf

Suspension Connector (Male) - FGN.1M.303.XLCT https://www.mouser.co.uk/ProductDetail/LEMO/FGN.1M.303.XLCT?qs=BpQ5zMcxL3CaZmKWljs56A%3D%3D £62.94 4 £251.76 https://www.lemo.com/pdf/FGN.1M.303.XLCT.pdf

Suspension Connector (Female) -  EGN.1M.303.XLM https://www.mouser.co.uk/ProductDetail/LEMO/EGN.1M.303.XLM?qs=BpQ5zMcxL3CRJ47lekeQ%252Bw%3D%3D £48.37 4 £193.48 https://www.lemo.com/pdf/EGN.1M.303.XLM.pdf

Pitch, Roll and Yaw Connectors (Male) - FGN.1M.303.XLCT https://www.mouser.co.uk/ProductDetail/LEMO/FGN.1M.303.XLCT?qs=BpQ5zMcxL3CaZmKWljs56A%3D%3D £62.94 3 £188.82 https://www.lemo.com/pdf/FGN.1M.303.XLCT.pdf

Pitch, Roll and Yaw Connectors (Female) - EGN.1M.303.XLM https://www.mouser.co.uk/ProductDetail/LEMO/EGN.1M.303.XLM?qs=BpQ5zMcxL3CRJ47lekeQ%252Bw%3D%3D £48.37 3 £145.11 https://www.lemo.com/pdf/EGN.1M.303.XLM.pdf

Miscellaneous Parts (wiring looms, PCB connectors etc) 2% of total cost to account for all miscellaneous parts £84.80 1 £84.80

£4,324.91

£864.98

£5,189.90 Total Cost

Cost

20% VAT


