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1.0 Assignment Brief
The assignment brief outlines design specifications of a vehicle data logger that is required to last a full 2 hour test drive. 
The brief outlines key aspects of the vehicle that need monitoring, so the data can reviewed and determine if they are achieving their intended purpose. 
These keys aspects are as follows: 
· Vehicle Road Speed (MPH) 
· Engine RPM
· Engine Temperature
· Roll, Pitch and YAW
· Suspension Travel 
To achieve this, various sensors, microcontrollers and controllers need to be specified to achieve the desired outcome, whilst being packaged in a suitable housing to withstand the harsh elements of a 2 hour test drive. 


[bookmark: _Toc151722101]2.0 Introduction 
The following document will outline the various stages of designing a Vehicle Data Logger for a 2hour test drive. 
This document will outline aspects such as component selection and justification for these selections. The components include items such as connectors, Microcontrollers, sensors and a suitable enclosure for this to be stored in. 
This document will also provide detailed schematics of the prototype and final design of the data logger, with explanations as to why certain design details have been implemented. 
Finally, the document will also outline future improvements, and a critical analysis of the design produced, highlighting weaknesses in the design that could be implemented out if this task was to be completed again. 


[bookmark: _Toc151722102]3.0 Background Research 
[bookmark: _Toc151722103]3.1 Vehicle Data Acquisition Systems 
There are various Data acquisitions systems currently on the market to inspiration from when completing this task. 
The following table shows the comparisons between these various data loggers. 
	
	Channels
	Sample Rate
	Internal Memory
	USB Ports
	Base Rate
	Recording Rate
	GPS Input?

	[image: ]
2D Data Recording Logger 9 [1]
	600 Channels (512 via CAN)
	1000Hz sampling rate for each CAN channel
	8 GB internal memory
	1 USB, 1 RS232 serial interface
	Base rate 1 kHz / 10 kHz
	up to 1800 kByte/s total recording rate
	Yes

	[image: ]GL Logger Families [2]
	10 CAN Channels
	1kHz sample rate
	SD memory cards up to 2 GB SDHC memory cards up to 32 GB
	1 x 2.0 USB
	N/A
	N/A
	Yes

	[image: ]RAD-Galaxy Data Logger [3]
	8 CAN Channels 
	1kHz sample rate 
	Full size SD Card slot
	No USB, connection through Ethernet cable
	N/A
	N/A
	Yes 
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The following section will showcase the component selection for the data logger, and the justification for selecting these components. 
[bookmark: _Toc151722105]3.2.1 Microcontroller Selection 
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	· [4]High performance PIC18 core with 8x8 Hardware Multiply
· Flash Program Memory with self-read/write capability
· 256 Bytes of integrated EEPROM
· Internal 48MHz Oscillator with USB Accuracy -Via Active Clock Tuning from USB Host
· Universal Serial Bus 2.0 Module
· Enhanced Capture Compare PWM (ECCP) Module with up to 4 outputs
· Integrated Temperature Indicator Module
· Up to 25 Channel 10-bit ADC with Voltage Reference
· 2 Analog Comparators
· 5-bit Digital to Analog Converter (DAC)
· MI2C / SPI Module (MSSP)
· Enhanced Addressable USART Module
· 2x 8-bit Timers
· 2x 16-bit Timers
· Extended Watchdog Timer (WDT)
· Enhanced Power-On/Off-Reset
· PIC18LF2xK50 (1.8V – 3.6V) with nanoWatt XLP
· PIC18F2xK50 (1.8V – 5.5V)
	[5]CPU
· Up to 16 MIPS performance
· 16 x 16 Hardware Multiply, Single Cycle Execution
· 32-bit x 16-bit Hardware Divider
· C Compiler Optimized Instruction Set
System
· Internal oscillator support - 31 kHz to 8 MHz, up to 32 MHz with 4X PLL
· On-chip LDO Voltage Regulator
· JTAG Boundary Scan and Flash Memory Program Support
· Fail-Safe Clock Monitor – allows safe shutdown if clock fails
· Watchdog Timer with separate RC oscillator
Extreme Low Power Managed Modes
· Run, Idle and Sleep modes
· Deep sleep mode for lowest current consumption
· Multiple, Switchable Clock Modes for Optimum Performance and Power Management
Analog Features
· 10-bit ADC, 13 channels, 500k samples per second
· 3 Analog comparators
	[6]Full Speed USB 2.0
· Full Speed USB 2.0 – Host, Device and OTG
· DMA Interface for Data RAM Access
Core and Operating Conditions
· 2.0V to 3.6V, -40°C to 125°C, up to 16 MIPS operation
· Single-cycle instruction execution
· 16 x 16 Hardware Multiply, and 32-bit x 16-bit Hardware Divider
· C compiler optimized instruction set system
· AEC Q100 Grade 1 qualification
Extreme Low Power
· Ultra-low-power operation with sleep current down to nA with full RAM retention
· A range of power-saving modes to reduce current consumption, while balancing performance: PMD bits, DOZE, Idle, Sleep and Retention Sleep modes
· A range of Core Independent Peripherals (CIPs) that operate in power saving modes, while off-loading the Central Processing Unit (CPU)
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[4]The PIC selected was the PIC18F45K50 due to the number of pins and the pin layout. The advantages of using this PIC are as follows: 
· The PIC18F45K50 is built on a high-performance RISC (Reduced Instruction Set Computing) architecture, providing efficient and fast execution of instructions.
· It comes with a significant amount of Flash memory for program storage. This allows for the implementation of more complex programs and applications.
· Includes a variety of integrated peripherals such as analog-to-digital converters (ADC), timers, UART, SPI, I2C, and USB. These peripherals enhance the capabilities of the microcontroller and make it versatile for different applications.
· USB 2.0 interface, which makes it suitable for applications requiring USB connectivity. This is particularly useful in applications such as USB communication, USB data logging, and USB device control.
· The built-in ADC allows for easy interfacing with analog sensors and signals. This is crucial in applications that require accurate analog measurements, such as sensor interfacing and data acquisition systems.
· Microchip provides a comprehensive set of development tools, including compilers, debuggers, and integrated development environments (IDEs). Additionally, there is a large community of developers and resources available for PIC microcontrollers, which can be beneficial for troubleshooting and sharing knowledge.
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	[7]Yaw rate sensor 200 or 500°/s (gyro)
To measure pitch-, roll- and yaw-speed of vehicle
To measure banking angle speed of a bike
To calculate the inclination of the bike (the required function is included in the software). 
· Power supply.................... 4.75 - 5.25 V DC 
· Operating current.............. max. 50 mA 
· SA-GY200V4-000............. -200°/s@0.5V 200°/s@4.5V  
	• [8]All-in-one sensor node, which fits into the palm of your hand (40x63 mm) for any
IoT applications
• Ready-to-go development kit
• Ultra-low-power with FPU Arm-Cortex-M33 with TrustZone® microcontroller
(STM32U585AI)
• microSD™ card slot for standalone data logging applications
• On-board Bluetooth® Low Energy 5.2 (BlueNRG-LP) and NFC tag
(ST25DV04K)
	· [9]Voltage 3.3V to 5V
· Current is <40mA
· Size 51.33610mm
· Measuring dimension acceleration 3D, angular velocity 3D, attitude angle 3D
· Hardware DFRduino UNO R3 (https://www.dfrobot.com/product-838.html) (or similar) x 
· 1 Serial 6-Axis Accelerometer x1 
· Software Arduino IDE (https://www.arduino.cc/en/Main/Software)


The sensor selected to measure Roll, Pitch and Yaw was the [7]2D-Datarecording yaw rate sensor. This sensor was selected as it’s designed for automation applications. The power supply is suited to this concept, and is easily mountable onto the vehicle under test. 
[bookmark: _Toc151722109]Suspension Travel 
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	· [10]Compact lightweight design
· Cost-effective measuring system
· Stroke lengths from 25 to 300 mm (1 to 12 inches)
· Industrial duty, liquid and corrosion resistant 
· Features
· Specifications
· Output: 0 to 100% of Input Voltage (potentiometer circuit)
· Non-Linearity, Full Stroke: ≤ ± 2.5% of FSO
· Best Fit Straight Line (BFSL)
· Resolution: Infinite
· Repeatability: 0.01 mm (0.0004 inch)
· Element Type: Conductive Plastic
· Max Operating Speed: 5 m/S (16 ft/S)
· Operating Current: Input Voltage / Potentiometer Resistance Value (refer to chart on Page 2 for Resistance Value)
· Operating Temperature: -40 to +95°C (-40 to +203°F)
· Temperature Coefficient: ≤ ± 0.03% of FS / °C
· IP Rating: IP61
	· [11]Laser Type- Diode
· Laser Colour- Red
· Emission Pattern- Dot
· Laser Wavelength- 658nm
· Laser Class- 3R
· Control Type- Self Pulsed
· Application- Beam Break
· Supply Voltage Range- 5 V
	· [12]Low cost
· Industry standard, single element conductive track
· Measurement range 25mm to 350mm
· Superior non-linearity <±0.15 %FS
· 13mm Ø slim aluminium body
· 4mm Ø stainless steel shaft
· Sealed to IP65


The sensor selected to measure suspension travel was the [12]linear displacement potentiometer. The travel of this potentiometer meets the requirements of the guidelines set out, along with the operating temperatures of this sensor. This sensor is also IP65 rated which should prevent water damage when the vehicle is driving wet weathers. 
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	· [13]Operating current is = 50 mA (without load)
· Supply voltage 4.5 to 5.5 V
· Output frequency is = 300 kHz
· Encoder Technology-Incremental
· Pulses Per Revolution- 100
· Maximum Revolutions-6000rpm
· Output Signal Type- TTL
· Shaft Type- Solid
· Shaft Diameter- 6mm
· Supply Voltage- 4.5 to 5.5 V dc
	· [14]Sensor Style- Block
· Detection Type- Through Beam
· Detection Range- 0 → 3 m
· Output Type- Dark Switching
· Electrical Connection- Cable
· Maximum DC Voltage- 30V
· Terminal Type- 3 Pin Connector
· Light Source- Polarized Red Light
· IP Rating- IP68, IP69K
· Maximum Current- 100 mA
· Response Time- 0.0005 seconds
· Housing Material- Plastic
· Series- W4-3 PTFE
· Minimum Operating Temperature- -40 °C
· Maximum Operating Temperature- +60°C
	[15]Possible applications include:
· printers
· copiers
· scanners
· servo and stepper motor feedback systems
· robotic arms
· wafer-handling machines
· Small Size
· Low Cost
· Easy to Mount
· TTL Compatible
· Resolution from 100 CPR to 500 CPR (Counts Per Revolution)
· Two Channel Quadrature Output with Index Pulse
· Operating Temperature: -10°C to 85°C


[13]An encoder is to be used to measure the road speed of the vehicle (MPH) and the engine RPM. The reason for this selection is the supply voltage suits the design, but also the pulses per revolution. At 6000RPM, the encoder has the ability to give 300,000 readings, giving a ‘live’ report of what speed the engine is rotating at.  
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	· [16]Sensor Type- PT100
· Probe Length- 27.5mm
· Probe Diameter -5.4mm
· Minimum Temperature Sensed- -50°C
· Maximum Temperature Sensed- +200°C
· Termination Type- Cable
· Cable Length- 2.5m
· Probe Material- Stainless Steel
· Process Connection- Probe
· Number Of Wires- 2
· Accuracy- Class B
	· [17]High quality, low cost, non-contact Infra-red temperature sensors suitable for measuring the temperature of inaccessible or moving objects and materials.
· Fast response with high stability
· Types available with air/water cooled housings
· Quick and easy to install
· Available as either two-wire or four-wire units
· 240 ms to 90% response time
· Stainless steel housing
· 16 x 1 mm mounting thread
· Prewired 1 m cable connection
· 6 V dc minimum sensor voltage
· 0.95 emissivity
· Temperature change varies by model
	· [18]Maximum operating temperature of +350 °C
· Meets IEC standards
· Various probe diameters are available in this range.
· Fast response time provided by the grounded tip at the junction
· Thermocouple Type	- K
· Probe Diameter- 3.18mm
· Probe Length- 40mm
· Maximum Temperature Sensed- +350°C
· Probe Material- Stainless Steel
· Termination Type- Cable
· Cable Length- 2m
· Standards Met- IEC


To measure engine temperature, the sensor selected was an RTD. The reason for this selection was the operating temperatures. This sensor can detect temperatures ranging from -50°C to +200°C. These sensors tend to be more accurate and more robust than a thermocouple. These sensors are also relatively inexpensive. 
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After completing the design of the PCB board, a quote was requested for the cost of manufacturing the PCB board. This was done through [19]JLC PCB. 
From the quote received, the cost of manufacturing this PCB board and assembling came to $7.40. 
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	[20]Molex Single Row (3-Pin) Male & Female Receptacle Plug, w/Terminal sockets Micro-Fit 3.0 (Pack of 3 Set)
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	[21]FCT Mixed Layout D-Sub Housing, Male, Tin-plated Shell with Dimples, 3 Circuits, Green Insulator
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	[22]Pluggable Terminal Socket Connector with CAGE CLAMP Actuation, 3 way, 7.5mm pitch, Grey -  231-203/026-000
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	[23]BINDER 09 9789 71 05 – 5 Pin Connector for 2D Date recording gyroscope. 
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	[24]Molex Micro-Fit 3.0™ Single Row (5-Pin) Male & Female Receptacle Plug, w/Terminal sockets


The table above shows various types of connectors which are viable to use for the vehicle data logger. 
The connectors selected are as follows:
· Molex 3-pin connector – selected due to simplicity and price. As these aren’t specialist connectors, there is always stock of these connectors reducing long lead times. 
· Molex 5-pin connector – selected for simplicity and price. These also are not specialist connectors so there is always stock of these, reducing long lead times. 
· Binder 5-pin connector – selected due to it being the mating connector for the 2D Data recording Gyro selected. To prevent voiding warranties on parts, it’s not feasible to remove the connector that is on the gyro for a cheaper alternative. Even though this connector is more specialist, there could be a longer lead time, and the part is more expensive. However, this will still be cheaper in the long term than voiding warranties. 
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	[25]SA-39 NEMA Stainless Steel Enclosure
	[26]SB-39 NEMA Steel Enclosure
	[27]AN-16F Diecast Aluminum NEMA Enclosure


The enclosure selected was the AN16-F Diecast Aluminium enclosure. The reasons as to why this enclosure was selected over the others are as follows:
· 160x100x60mm 
· NEMA 4, 4X, 6, 6P, 12 & 13 rated
· IP67 rated
· Meets IP65, IP66, IP67 & IP68 specifications based on NEMA/UL Type rating conversion 
· Molded on flanges
· Watertight gasket
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Figure 1- Vehicle Data Logger Structure Diagram
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[bookmark: _Toc151722117]4.1 Proteus Schematics 
[image: ]
Figure 2- Proteus Prototype Schematic
The figure above shows the prototype schematic of the vehicle data logger created using Proteus. 
To ensure the PIC or any of the sensors don’t exceed the required supply voltage, over voltage protection has been added to each sensor. As the supply voltage for all of these components is 5V, a 5.1V Zener diode has been added to ensure any voltage over this threshold doesn’t get through to the PIC or to the sensors. 
[bookmark: _Toc151722118]Calculations 
Each sensor will require various resistors and capacitors depending on the frequency of readings required. For example, engine RPM will need a high frequency of readings as you will require intervals of every 10 rotations. Compare that to engine temperature, the frequency of readings can be less as it’s not constantly changing like engine RPM. 
The calculations for these components is shown below;
[bookmark: _Toc151722119]Road Speed (MPH) and Engine RPM
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RPM @ 60MPH 
60 Miles = 96560.64 meters
1 hour = 3600 seconds 
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[bookmark: _Toc151667860]Figure 3- Easy PC Schematic Diagram
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[bookmark: _Toc151667861]Figure 4- Easy PC PCB Design
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[bookmark: _Toc151667862]Figure 5- Easy PC PCB Board Front View
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[bookmark: _Toc151667863]Figure 6- Easy PC PCB Board Rear View
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	Item Description
	Cost Per Unit
	Quantity
	Total Cost

	Jumo PT100 RTD Sensor, 5.4mm Dia, 27.5mm Long, 2 Wire, Probe, Class B +200°C Max
	£88.49
	1
	£88.49

	Sick Incremental Incremental Encoder, 100 ppr, TTL Signal, Solid Type, 6mm Shaft
	£112.96
	2
	£225.92

	SLS1300 Series Linear Potentiometer
	£250-£450
	4
	£1000-£2800

	Yaw rate sensor 200 or 500°/s (gyro)
	£605
	3
	£1815

	PIC18F45K50
	£2.85
	1
	£2.85

	Molex Single Row (3-Pin) Male & Female Receptacle Plug, w/Terminal sockets Micro-Fit 3.0 (Pack of 3 Set)
	£9
	2
	£18

	BINDER 09 9789 71 05 5-Pin Connector
	£7.77
	1
	£7.77

	Molex Micro-Fit 3.0™ Single Row (5-Pin) Male & Female Receptacle Plug, w/Terminal sockets
	£3
	3
	£9

	JCL PCB Board
	£7
	1
	£7

	AN16-F Diecast Aluminium enclosure
	£30
	1
	£30

	
	
	Total Cost = 
	£3204.03 - £5004.03
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After reviewing the proposed design of the vehicle data logger, there are few improvements which could be made to the design. 
The first improvement would be to reduce the number of connectors on the enclosure. Due to the various sensors having varied amounts of outputs, it made for difficult packaging. The quick solution was to have an individual connector for each of the sensors. This may have been the quickest solution, but probably not the most practical for packaging of the product. The outputs of the sensors could have been reduced into one connector, something like a 20-pin connector. This would have reduced the footprint of the PCB board, resulting in a cheaper manufacturing cost, and a smaller enclosure could have been used. 
Another improvement could be made to the PCB board itself. The current design isn’t compact, as there is are a few open spaces on the board. This has resulted in a greater manufacturing cost of the PCB board itself and a greater cost in the enclosure as it had to be bigger. 
The final improvement I would make it to add some more protection to the circuit. Granted, there is over voltage protection on the components, however more could still have been done. For example, adding some sort of fuse to the PCB board, therefore all individual components were protected, but also the circuit as a whole would be protected from too much voltage and current. 



[bookmark: _Toc151722127]7.0 Conclusion 
To conclude, the design of the vehicle data logger was a success, even for the improvements that could be made to the design, as the current design meets the design brief set out. 
The integration of a 16-bit PIC18F45K50 microcontroller, with its high-performance RISC architecture, proves instrumental in handling the complexities of real-time data processing. The inclusion of an analog-to-digital converter, USB 2.0 interface, and versatile peripheral options enhances the logger's adaptability to various automotive applications.
The use of Proteus and Easy PC design software aided in the development of this vehicle data logger. Proteus being used to initially sketch a prototype circuit diagram, whilst easy PC was used to develop the final design and to get a manufacturing quote of the PCB Board. 
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D-SUB CONNECTORS

FCT Mixed Layout D-Sub Housing, Male, Tin-
plated Shell with Dimples, 3 Circuits, Green
Insulator

PART NUMBER: 1727040031 SERIES NUMBER: 172704

ENGINEERING NUMBER: FM3W3P-K120
PRODUCT FAMILY: FCT D-SUB CONNECTORS
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