	[image: Image]
Vehicle Data Acquisition System
Author ID 2215656
	
     
Williams, Brett
Assignment 1 
November 2022





Contents
Vehicle Data Acquisition System	2
Brief	2
Task 1	3
Provide a brief literature review of portable vehicular data acquisition systems.	3
Types of vehicle data recorders	3
Features and Benefits	4
Comparison table showing the features and benefits of each data logger.	5
Task 2	6
Select an appropriate microcontroller and justify your selection.	6
What is a micro-controller	6
Types of micro-controllers	6
How does a micro-controller work	7
Micro-Controller selection parameters	7
Task 3	8
Determine:- A suitable package (casing) for the system that is both portable and suitable for the environment.	8
Determine- the size of the storage (non-volatile) memory needed.	9
Determine – sensors needed	9
Sensor maximum current consumption table	19
Battery Selection	19
Plugs and Sockets	20
Sensor Cable entry	21
Miscellaneous components and consumables	22
Colour coding and identifying connections	24
Mirco SD card	24
Task 4 Provide a full circuit design and a PCB design to achieve the above brief, outlining the general principles of operation of any included components/modules when used in this particular configuration.	25
Task 5 Provide a prototype software design.	26
Program structure diagram	26
Flow Chart	27
Task 6 Provide the prototype build costs	28
Costing summary	28
Task 7 Using the information gained whilst researching task 1, please provide a list of suggested improvements to the specification for the next iteration and briefly give your reasons for the suggestions.	29
Task 8 Provide a formal report detailing tasks: 1 to 7 Your report should, as a minimum, include one diagram:	29

























Vehicle Data Acquisition System

Brief 
Research and design a microcontroller based automotive data acquisition system. 
Obtain independent sensor/transduction methods for the assignment. The data acquisition system design is intended to be fitted to a production prototype car. In this case the vehicle is targeted for the family saloon market, however the system must be re-usable, portable and adaptable for any class of vehicle. The data will be gathered to establish that the vehicle design both operates within safe limits and provides a comfortable means of transport. 
The following data will be need to be acquired during a 2 hour test track run. 
· Engine temp
· RPM
· Vehicle speed (MPH).
· Front and rear suspension travel 
· Pitch, roll and yaw
The system must: 
  store the collected data to non-volatile memory which can be externally read and cleared when connected to a computer via USB. 
  battery powered so that it is independent of the subject vehicles power supply, none of the sensors are allowed to be connected to the vehicle’s electronics or signals. Ensure that your design is portable, adaptable, and suitable for operation in its intended environment. You must ensure that adequately sized variables are used for each parameter measured. 
Provide details of :
Enclosure design (casing selection) 
  Microcontroller selection (from the 8bit PIC range) 
  Memory sizing with justification (non-volatile data storage memory) 
  Sensor selection and specification 
  Connector specification 
  Circuit diagrams 
  PCB design (only Easy-PC files will be accepted) 
  Software structure (block diagram form) 
  A structure showing how the data is aligned in non-volatile memory
Task 1 
Brief literature review of portable vehicular data acquisition systems. 

A vehicle data acquisition is an electronic device used to gather information (data) on the performance of the vehicle that is on test. The types of information measured and stored can be used as performance comparisons following upgrades and alterations or even fault finding. As with Formula 1, the maximum amount of telemetry is continuously analysed to ensure that the driver and the vehicle are always on the limit and ensuring the team are obtaining the most out of the vehicle, driver and its available power and downforce. Any deviation, usually logged as the base line readings can quickly be compared to and can be remotely adjusted, sometimes without even stopping in the pits.

Types of vehicle data recorders
The Pico Technology ADC-24 is a 16-channel, 24bit high-resolution USB data logger. This Pico data acquisition comes with PicoLog software that allows you to collect, manipulate, analyse, display and export data. It is ideal for detecting small signal changes with ultra-high accuracy, up to 0.1% of reading.
[image: Image]
Supplied with
PicoLog data logging software, 32-bit programming libraries and screw terminal input adaptor board.

Features and Benefits
Low cost, high precision
16 channels at 24 bit resolution
Inputs configurable as single-ended or differential
Terminal board included for easy connections
Up to 7 input ranges (±39 mV to ±2.5 V)
Digital control outputs
USB isolation
Up to 15 measurements per second
Powered from USB port
Free PicoLog 6 Cloud® software
Multiple units can be run on a single PC
Compatible with Windows, macOS, Linux and Raspberry Pi OS

Another type of vehicle data logger is the DT80 DataTaker. 
[image: Image]
The DT80 is a robust, stand alone, low power data logger featuring USB memory stick support, 18 bit resolution, extensive communications capabilities and built-in display. The dataTaker® DT80's Dual Channel concept allows up to 10 isolated or 15 common referenced analogue inputs to be used in many combinations.
With support for multiple SDI-12 sensor networks, Modbus for SCADA systems, FTP and Web interface, 12V regulated output to power sensors, the DT80 is ready to be rolled out into environmental, industrial and many other types of monitoring projects.

The PM-200 sets the bar considerably higher on the topic of safeguarding and troubleshooting
vehicles. Bus systems such as CAN, CAN-FD, FlexRay™, LIN, MOST150 and Automotive
Ethernet are logged at a data speed up of to 120 MB/s. SSD removable media allow for quick
evaluation and distribution of the data. Various upgrade options enable configuration for any
application. Flexibility, programmability and support from debugging protocols make it possible
to meet the high demands of functionality and fleet tests as well as of test runs.
[image: Image]
PM-200 is now offering a software option of collecting and analysing debug messages and valuable information from infotainment ECUs via Diagnostic Log and Trace (DLT) protocol. This standardized logging and tracing software component, based on the AUTOSAR 4.0 standard, helps to consolidate the existing variety of logging and tracing protocols on one format.







The CR1000X is a low-powered device designed to measure sensors, drive direct communication and telecommunications, analyze data, control external devices, and store data and programs in 
[image: Image]
on-board, non-volatile storage. The electronics are RF-shielded and glitch-protected by a unique sealed, stainless-steel canister. A battery-backed clock assures accurate timekeeping. The on-board, BASIC-like programming language—common to all Campbell Scientific data loggers—supports data processing and analysis routines.
The CR1000X wiring panel includes two switchable 12 V terminals, analogue grounds dispersed among 16 analogue terminals, and unpluggable terminal blocks for quick deployment.

Comparison table showing the features and benefits of each data logger.
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	Data Loggers
	PicoLog 1000 Series
	GRANT
G210_DataTaker
	Tttech-auto
PM-200
	Campbell CR1000X

	Supply Voltage
	0-2.5Vdc
	12Vdc
	5Vdc
	10-18Vdc

	Sampling Rate
	1kHz
	1kHz
	1KHz
	0.5 Hz-31.25 kHz


	Memory 
	None 
	USB ext memory
	16GB
	16GB

	Inputs
	16 Analogue 

	Up to 300 Analogue 

	12 Analogue
	16 Analogue

	Outputs
	4 Digitals
	
	
	

	USB
	Yes
	Yes
	Yes
	Yes

	Resolution 
	12 bit
	18 bit
	24 bit
	24bit

	Portability
	Yes
	Yes
	Yes
	Yes



Datasheets for the above dataloggers can be found in the appendix section.
Task 2 
Select an appropriate microcontroller and justify your selection.

What is a micro-controller
Microcontroller (MCU)
A microcontroller is a compact integrated circuit designed to control a specific operation in a system. A typical microcontroller includes a processor, memory and inputs/outputs all on a single integrated circuit.
You can find microcontrollers within vehicles, robots, medical devices, coffee machines and vending machines amongst other devices. They can be thought of as little micro computers designed to control small features of a more larger and complex component without the requirement for a full front end operating system.
The Processor- the main brain this utilises and various instructions by performing basic arithmetic, logic and I/O operations. It also performs data transfer between other devices.
Memory- a micro-controller uses two different types of memory:
1. Program memory, this stores long term information that the CPU can use. Program memory is non-volatile, this means it holds information over time without needing a power source.
2. Data memory,  this is used for temporary data storage while the instructions are being carried out. Data memory is volatile, this means the data it holds is temporary and is only maintained if connected to a power source.

Types of micro-controllers

[image: Image]
The 8051 Microcontroller was first developed by intel in 1981. This microcontroller was commonly referred to as “system on a chip” since it has 128 bytes of RAM, 4Kbytes of a ROM, 2 Timers, 1 Serial port, and 4 ports on a single chip. The CPU is an 8-bit processor.
[image: ]The AVR microcontroller was first developed in the 1996 by Atmel Corporation. AVR derives its name from its developers and stands for Alf-Egil Bogen Vegard Wollan RISC microcontroller, also known as Advanced Virtual RISC. The AT90S8515 was the initial microcontroller which was based on the AVR architecture.

[image: ]The PIC Microcontroller 
Peripheral Interface Controller (PIC) is microcontroller developed by Microchip, PIC microcontroller is fast and simple to use. The ease of programming and simple to interfacing with other peripherals, PIC has become a very successful microcontroller. This microcontroller is an integrated chip which is consists of RAM, ROM, CPU, TIMER and COUNTERS. The PIC consists of RAM, ROM, CPU, timer, counter, ADC (analogue to digital converters), DAC (digital to analogue converter).

[image: ]
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How does a micro-controller work

A micro-controller is installed inside a system to control functions of the device. It does this by interpreting data it received via its I/O using its central processor. It stores the data in its memory where the processor can access it quickly, it uses the instructions stored in the memory to decipher and utilise the incoming data and communicate and carry out the appropriate actions.

A vehicle may have many micro-controllers that control various systems for example traction control, fuel injection, regenerative braking, these can be utilised to communicate to the cars more complex computers while others might only communicate with other micro-controllers. They send and receive data using their I/O peripherals and process the data to perform the dedicated actions


Micro-Controller selection parameters
Search tool parameters used within the website at Microchip.com

8 bit pic MCU
Program memory 32k max 16k min
RAM 2 max 0.4min
I/O pins 40 max 16min
BOR brown out reset- YES
Internal Oscillation 32mHz – 64mHZ
Watchdog timer- YES
Power on reset -YES
PLL Phase lock loop – YES
USB- YES
Suitable IC’s that were offered via the web based search.
[image: Image]
[image: Image]              [image: Image]
PIC18(L)F2X45K50 Data Sheet (microchip.com)


Task 3
Determine:- A suitable package (casing) for the system that is both portable and suitable for the environment. 

The final decision on the actual case size was determined once the battery size and weight had been defined. It will be essential that the case is fit for purpose and is robust enough to with stand knocks and bumps from being in a moving vehicle. A flight type robust carry case would best suit this application. From basic online research PELI are very well supported. The IP rating will be IP65 although the following PELI cases are watertight due to an O-ring lid,It is not a necessity as the case will sit inside the footwell of the test vehicle. Over moulded rubber handles and stainless steel hardware make these cases extremely reliable and easily portable.
 

[image: Image]
Example- 21.1 x 14.7 x 9.5cm
£63.00


All bulkhead sockets connecting the sensors to the vehicle should be installed on a protected area of the outer case to best avoid unwanted damage from the effects of sudden knocks and bangs when the vehicle is moving along the track.

Determine- the size of the storage (non-volatile) memory needed.

Temp 10 bit resolution   1 reading per 15 Secs    4 bits per sec = 2bytes

RPM 1 * 8 bit counter   1 reading per 0.5 S        2 bits per sec =1 byte per sec

MPH 1 * 8 bit counter   1 reading per 0.5 S        2 bits per sec =1 byte per sec

PRY  10bit for 3deg resolution @ 20 readings per Sec  12 bits per sec = 6 bytes per sec

Susp movement  10 bit @ 10ms per reading 8 bytes / sec

Calculate the desired data storage required for the entire 2 hr test:- 
	Sensor
	Resolution bits
	Readings
	Bytes 
per sec
	Bytes 
Per min
	Total bytes 
2 hrs

	Engine Temp
	10 
	1 per 15 Sec
	2
	4x120x2
	960

	RPM
	8
	1 per 0.5 Sec
	1
	120x120
	144000

	MPH
	8
	1 per 0.5 Sec
	1
	120x120
	144000

	PRY
	10 
	20 per Sec
	6
	120x6x1200
	864000

	Suspension 
	10
	10
	8
	120x8x6000
	5760000

	
	
	

	
	
	
	
	Total bytes
	6912960
(7MB) 




Mirco SD card
Micro SD cards use the Serial Peripheral Interface (SPI) protocol to communicate with microcontrollers and other computers. SPI is a synchronous serial protocol that supports two-way communication between a controller device such as a microcontroller and a peripheral device like an SD card reader. 



[bookmark: _GoBack]Micro sd card pins are:
- CS-Card Select
- DI-Data In [MOSI]-Master, Out Slave Input
- VSS-Ground
- VDD-Power
- CLK-Clock [SCLK]-Serial Clock
- DO-Data Out [MISO]-Master Input, Slave Output
- NC (Memory Cards)[image: Image]
 [2]

A 2GB micro SD card is the most affordable size to purchase, although its storage capabilities are much larger than required, due to the commonality in size and cost this would be the most suitable choice. 
[image: Image]
Micro SD card, SPI compatible
      RS 180-5789            £6.11



Determine – sensors needed. 
The following sensors are required as mentioned in the brief-
1. Engine temp 
2. Rpm 
3. Mph 
4. Pitch Roll Yaw (PRY) 
5. Suspension movement 

		
1.Engine Temp measurement decision matrix		
	Contact

	
	pros
	cons

	[image: Image]
	Thermistor
	Cheap
Low power
Simple to use
	needs contact with engine

	
	
	
	

	[image: Image]
	Thermocouple
	Relatively cheap

	needs contact with engine
needs careful design

	Non- contact

	
	
	

	[image: Image]
	IR sensor
	Non-contact
	expensive



				10 bit resolution    1 reading per 15 Secs
Selected sensors from the matrix are highlighted in green
Final IR sensor Selection 
	Manufacture
	model
	range
	IP rating
	Input 
	Output
	Cost
	Selection

	First rate
	FST600-400A
	0-1200®C
	IP65
	24V
	4-20mA
	363.73
	No too Wide range

	Calex
	PC21MT-3
	0-250®C
	IP65
	6-28V
	4-20mA
	189.42
	Yes

	Almemo
	FHAD36RAIC102
	-100 +170®C
	IP65
	6-13V
	4-20mA
	1189.00
	NO- V.expensive



Things considered when selecting a suitable temp sensor
General purpose sensors are suitable for non-reflective non-metals. Temperature range Sensors can measure low, medium, high or wide temperature ranges. 
What is the critical temperature in your process? 
How much higher and lower than this do you need the sensor to measure? 
Optics A choice of wide or narrow optics is available, so you can measure small or large targets at short or long distances. 
What is the size of the target? 
How far away will the sensor be positioned? 
Ambient temperature, Most sensors can be used in ambient temperature of up to 60 to 70°C


Temperature 25 – 200 degC
Sensor research
Infrared temperature sensor
Non-Contact Temperature Sensor Selection Guide Non-contact infrared temperature sensors can measure the temperature of surfaces with a split second response time, and with similar (or better) accuracy to contact thermocouples.  
[image: Image]       
RS part number 553-333


All available Datasheet links are listed in the appendix section of the project report.
[image: Image][image: Image]
cost £26.41

[image: Image]


Datasheet specifics
1. 6-28vDC
2. IP65
3. Measuring range : 0-250®C 
4. Fixed emissivity 0.95
5. Output 4-20mA
6. Supply voltage 4.5-5.5Vdc
7. 20mA Max current consumed
8. Cost £189.42  
9. Bracket option £26.41
10. Weight 95g


2.RPM measurement sensor decision matrix
	Mechanical
	
	Pros
	Cons

	[image: Image]
	switch
	cheap
	Fragile
Bounce
Mechanical mount

	[image: Image]
	Tacho generator
	Fairly expensive
reliable
	Mechanical mount

	magnetic
	
	
	

	[image: Image]
	Hall effect
	Cheap
Non contact
reliable
	Mounting the magnet

	[image: Image]
	Pickup coil
	Cheap
Non contact
reliable
	Mounting the magnet
Varying voltage large peaks

	Optical
	
	
	

	[image: Image]
	Beam break
	Cheap
Reliable
Non contact
	Mounting the tag to break the beam

	[image: Image]
	Reflective
	Reliable
Remotely mounted
	Expensive



				1 * 8 bit counter   1 reading per 0.5 S
2 bytes per sec
Selected sensors from the matrix are highlighted in green
Final optical sensor Selection 
	Manufacture
	model
	Consumption current
	IP rating
	Input 
	Output
	Cost
	Selection

	Omron
	E3Z-D67
	30Ma
	IP67
	12-24V
	pulsed
	87.85
	No

	SICK
	GL6-P4211
	30mA
	IP67
	10-30V
	Pulsed
	72.37
	YES- Branded

	Balluff
	BOS01TN
	N/A
	IP67
	10-30V
	Pulsed
	60.92
	No-Unknown info



Optical Speed sensor 
When an object is placed within the working range of the sensor, the evaluation electronic switches the output. The sensor detects objects with a minimal size of 4 mm within a range of 30 – 120 mm. The sensor is equipped with an LED to indicate the switching signal respective the status of the contamination warning. The sensing range is almost entirely independent of the shape and the colour of the object which is detected, as the background suppression can be electronically adjusted
Optical speed sensor (SD-VOP02-000)
· Contact free detecting
· Signals are measured and processed
· Min detection size of object 4mm
The selected optical sensor may need to be glued into position to accurately measure a white reflective mark placed on the drive shaft using the paint pen.

Datasheet specifics
1. Cable Length 300mm 
2. IP67 
3. Distance measuring range : 18 to 120 mm 
4. Package size (32 × 16 × 12mm) 
5. response time 0.8ms
6. Supply voltage 10-30Vdc (12V)
7. 30mA Max current consumed
8. Cost £7

Sensor pinout
[image: Image]

3.MPH measurement sensor decision matrix
	Mechanical
	
	Pros
	Cons

	[image: Image]
	switch
	cheap
	Fragile
Bounce
Mechanical mount

	[image: Image]
	Tacho generator
	Fairly expensive
reliable
	Mechanical mount

	magnetic
	
	
	

	[image: Image]
	Hall effect
	Cheap
Non contact
reliable
	Mounting the magnet

	[image: Image]
	Pickup coil
	Cheap
Non contact
reliable
	Mounting the magnet
Varying voltage large peaks

	Optical
	
	
	

	[image: Image]
	Beam break
	Cheap
Reliable
Non contact
	Mounting the tag to break the beam

	[image: Image]
	reflective
	Reliable
Remotely mounted
	Expensive



				1 * 8 bit counter   1 reading per 1S
Selected sensors from the matrix are highlighted in green
Final optical sensor Selection 
	Manufacture
	model
	Consumption current
	IP rating
	Input 
	Output
	Cost
	Selection

	Omron
	E3Z-D67
	30Ma
	IP67
	12-24V
	pulsed
	87.85
	No

	SICK
	GL6-P4211
	30mA
	IP67
	10-30V
	Pulsed
	72.37
	YES- Branded

	Balluff
	BOS01TN
	N/A
	IP67
	10-30V
	Pulsed
	60.92
	No-Unknown info



The selected optical sensor may need to be glued into position to accurately measure a white reflective mark placed on the crank using the paint pen.

19” tyre diameter
	3.1428*19 = 59.69” per revolution
	1760 yards / mile
	1760 * 36 = 63360 inches per mile
	63360 / 59.69 = 1061 tyre revolutions per mile
	@1m 1061/3600 = 0.295 revolutions per second 10 pulses per revolution to read reliably
	@80mph = 235 pulses per sec
	Revolutions per mile * speed mph = 1061*80	= 84880
	Divided by 3600 =84880/3600 = 23.5 revolutions per second
	Pulses @ 10 per revolution = 23.5 * 10 = 235 pulses per sec @80mph
      1 byte /sec

Optical speed sensor
Datasheet specifics
1. Cable Length 300mm 
2. IP67 
3. Distance measuring range : 18 to 120 mm 
4. Package size (32 × 16 × 12mm) 
5. response time 0.8ms
6. Supply voltage 10-30Vdc
7. 30mA Max current consumed
8. Cost £72.37

Sensor pinout
[image: Image]






4.PRY Measurement (Pitch , Roll, Yaw) sensor decision matrix
	
	
	Pros 
	cons

	[image: Image]
	Gyroscope
	Accuracy

	Expensive
Datum set by mounting.

	
	Accelerometer
	Very cheap
	Accuracy 
Datum unknown

	
	IR location
	
	

	[image: Image]
	Wire potentiomenter

	expensive
	Difficult to calibrate
Requires land mark features and transmitters
complexity

	
	camera
	
	

	[image: Image]
	
	Fairly cheap
	Difficult to calibrate
Requires land mark features and transmitters
complexity


10bit for 3deg resolution @ 20 readings per Sec
600 bytes per sec
Selected sensors from the matrix are highlighted in green
Final gyro sensor Selection 
	Manufacture
	model
	range
	IP rating
	Input 
	Output
	Cost
	Selection

	Gyro
	IGS-M027
	3 axis
	IP67
	+9-36V
	0-5V
	327.26
	YES

	[bookmark: _Hlk120346491]Gyro
	IGS-D047
	3 axis
	IP67
	+9-36V
	RS232
	335.26
	NO

	Gyro
	500®/s
	1 axis x3
	IP67
	4.75-5.25V
	Ana
	TBA
	£17each





Datasheet specifics
1. Cable Length 800mm 
2. IP67 
3. Distance measuring range : 18 to 120 mm 
4. Package size (40 × 30 × 16mm) 
5. response time 0.1s
6. Supply voltage 4.75-5.25Vdc
7. 50mA Max current consumed
8. Cost £51
9. weight 22g

[image: Image]
Part number SA-GY200V4-000
[image: Image]




5.Suspension movement sensor decision matrix x4 (FL,FR,RR,RL)
	Mechanical
	
	Pros 
	cons

	[image: Image]
	Push rod
	Simple interface
cheap
	Room to install

	[image: Image]
	Wire potentiometer
	Simple interface
	More expensive


	[image: Image]
	Angular displacement sensor
	simple
	More expensive
Vehicle modification

	Optical
	
	
	

	[image: Image]
	Reflective distance sensor
	simple
	Not good in the wet.

	Ultrasonic
	
	
	

	[image: Image]
	Distance measuring sensors
	Very cheap
	Not good with high air speeds.


					10 bit @ 10ms per reading
800 bytes / sec
Selected sensors from the matrix are highlighted in green

Final potentiometer sensor selection 
	Manufacture
	model
	range
	IP rating
	Input 
	Output
	Cost
	Selection

	[bookmark: _Hlk120353218]TE connectivity
	SP1-25
String POT
	10K 635mm
	IP67
	30V
	V-div
	295.09
	

	TE Connectivity
	MT2A
	10K
762mm
	IP68
	5V
	V-div
	270.85
	YES

	TE connectivity
	SP2-25
String POT
	10K 635mm
	IP50
	30V
	V-div
	321.21
	




Wire potentiometer’s are designed to convert linear movement into a proportional voltage output using a simple 3-wire, low current operating circuit.
[image: ]
Datasheet specifics
1. Supply voltage 5Vdc 
2. max acceleration 136G
3. Weight 165g
4. Input resistance 10K
5. measurement range 760mm (400mm)
6. includes 360® mounting bracket
7. current consumption 50mA x4


[image: Image]
[image: Image]


	1760 yards / mile  36 inches per yard inches per mile = 63360 
	Inches in 80 miles = 63360 * 80 = 5,068,800 inches per 80 miles in 1hr @ 80 mph
	In 1 sec   5068800 / 3600 = 1408 * 2 for half inch = 2816
	1/x= 35ms		to be safe take a value well below this  ie. in this case 10mS
 
	

Start reading matrix
	Time s
	Temp
	Mph
	Rpm
	Pitch
	Roll
	Yaw
	Suslf
	Susrf
	Suslr
	susrr

	0.00
	Temp
	Mph
	Rpm
	Pitch
	Roll
	Yaw
	Suslf
	Susrf
	Suslr
	susrr

	0.01
	Suslf
	Susrf
	Suslr
	susrr
	
	
	
	
	
	

	0.02
	Suslf
	Susrf
	Suslr
	susrr
	
	
	
	
	
	

	0.03
	Suslf
	Susrf
	Suslr
	susrr
	
	
	
	
	
	

	0.04
	Suslf
	Susrf
	Suslr
	susrr
	
	
	
	
	
	

	0.50
	Pitch
	Roll
	Yaw
	Suslf
	Susrf
	Suslr
	susrr
	
	
	

	0.5
	RPM
	Pitch
	Roll
	Yaw
	Suslf
	Susrf
	Suslr
	susrr
	
	

	1s
	MPH
	RPM
	Pitch
	Roll
	Yaw
	Suslf
	Susrf
	Suslr
	susrr
	

	15s
	Temp
	MPH
	RPM
	Pitch
	Roll
	Yaw
	Suslf
	Susrf
	Suslr
	susrr

	
	
	
	
	
	
	
	
	
	
	




Sensor maximum current consumption table
	Sensor
	Quantity
	Max Consumed current mA
	Total

	Temperature
	1
	20
	20

	RPM
	1
	30
	30

	MPH
	1
	30
	30

	Gyro
	1
	50
	50

	Suspension
	 4
	50 
	200

	Total                330mA



C= capacity 0.330 x 2hrs = 0.640ah (ampere hours)





Battery Selection:

	


[image: Image]
Cost £’s         23.08          20.91         20.62          25.22           50.91


Lead acid batteries were chosen due to their commonality and ease of use, a reliable battery that is costs effective and robust enough. These batteries have been used over many years in reliable home alarm systems. They are very cheap unlike lithium and with the battery being a sealed unit there is no requirement to vent the enclosure to exhaust any dangerous acidic gases.
RS part number 597-813 at a cost of £20.91 per unit
[image: ]
Whilst lithium batteries can utilise between 80-90% of the battery capacity when compared to just 30-40% of a good lead acid battery, the overall costs would add £100’s to the project costs, for this reason I have chosen lead acid.

Plugs, Sockets and Connectors

There are many different types of Electrical plugs, sockets and pcb connectors to choose from, they mainly fall into the following three basic categories.

1. board-to-board connectors.
2. cable/wire-to-wire connectors.
3. cable/wire-to-board connectors.

Board to board connections have Six levels of inter-connection: -
· [image: six levels of electrical connection]Level 0 is the connection between a basic circuit element and its lead, such as the link between a semiconductor chip and the lead frame. 

· Level 1 is the connection between a component lead and a printed circuit board (PCB), exemplified by chip carrier sockets, dual inline package (DIP) sockets, and switches. 



· Level 2 is the connection between two or more PCBs. A motherboard–daughterboard connection is typical. 
· Level 3 is the connection between two subassemblies, such as a power supply and an associated subassembly. 
· Level 4 is the connection from a major subassembly to the input/output (I/O) port of the complete system. 
· Level 5 is the connection between physically separated systems typified by the link between a computer and a printer or other piece of peripheral equipment, or components of a local network.

Wire-to-wire connectors connect two wires, as the name suggests. One end of the connector is permanently connected to the wire. The other end of the connector forms a split-apart interface. The permanent connection can be made using either crimping or insulation displacement contact (IDC). In the IDC method, connection is made by inserting the insulated wire into a slot of a sharpened metal clamp. The sharp edges of the clamp cut through the insulation and make a robust metal-conductor contact.


[image: AVX IDC and press-fit connection technologies]A wire-to-board connector, connects a wire or cable to a PCB. The wire connections are similar to the ones used for wire-to-wire connection and the board connections can be press-in or soldered, two-piece connectors.
While there are many applications of wire-to-board connectors, the trend is towards cable-to-board connectors, or cable assemblies, to take advantage of the benefits of IDC. The permanent connection can be made using either crimping or IDC, these have many advantages, which can include speed of multiple terminations, neatness and a reduction in space taken on the pcb, which is very advantageous where size and space can be extremely costly in a very competitive market.


[3]




Plugs and sockets




[image: ]Bulgin buccaneer connectors are readily available, the 400 cable mount and socket panel mount would be a good choice but I have decided to use Lemo plugs and sockets as they are excellent quality and being made from a high grade aluminum, they are light weight, reliable and robust. I have no doubt that they will with stand the test of time.
[image: ]If I were to build multiple projects I would consider the Bulgins as using these would be very cost effective.










It was quickly decided to use Lemo plugs and sockets as they are the industrial leaders in industrial connectors and are very robust and reliable.
Lemo sockets will be mounted to the project box and wired directly onto the PCB header connections.
Lemo plugs will be installed on all Sensors enabling them to be quickly routed through the car to the control box mounted in the passenger footwell.
Each sensor will have its own dedicated and colour coded (by heatshrink) connector, each of these will be clearly labelled using the dymo label printer to avoid any mismatching when connecting up the circuits ready for the test
A selection of Lemo plugs and sockets
	Plugs
	pin
	material
	Cost £’s
	RS part Number

	[image: Image]Lemo plug
	2 cable mount
	Aluminium
	22.85
	204-8767

	[image: Image]Lemo plug
	3 cable mount
	Aluminium
	25.06
	215-5988

	[image: Image]Lemo plug
	4 cable mount
	Aluminium
	26.33
	215-6004

	[image: Image]Lemo Plug
	5 cable mount
	Aluminium
	26.61
	215-0610

	Sockets

	

	[image: Image]Lemo socket
	2 panel mount
	Aluminium
	15.33
	130-5542

	[image: Image]Lemo socket
	3 panel mount
	Aluminium
	16.09
	130-5564

	[image: Image]Lemo socket
	4 panel mount
	Aluminium
	17.27
	130-5570

	[image: Image]Lemo socket
	5 panel mount
	Aluminium
	18.97
	215-6082



Sensor Cable entry[image: ]
Various sized stuffing glands will be used to allow the cable entry through the project box, whilst maintaining a good level of IP rating. Battery connection cables will also utilise stuffing glands. 
Plastic glands instead of stainless steel will be used as these will be situated inside the main case and will not be exposed to a harsh environment. Insulated plastic connectors is also better due to potential contact with the pcb. 

Glands
[image: Image]
Cost £’s each        4.10               5.40              4.39              11.44



	

	

	

	







Miscellaneous components and consumables 

[image: Image]
Grey ABS project box 140x77x27mm
RS 402-0042   £7.16



[image: Image]Yuasa 12V sealed lead acid battery 2.1Ah
The Yuasa NP Series batteries set the standard for quality and excellence in the field of rechargeable batteries. These high-quality batteries ensure that no electrolyte leakages occur from the case or terminals.  Size 178x34x64mm. Weight 820g
[image: Image]RS 597-813    £20.91

Araldite 2014- excellent resistive properties to Chemical, Heat, Water and Impact. Easy to use, self dosing tube to ensure correct amount is used for maximum strength, excellent bonding characteristics to minimise the effects from vibration. Used to fix project box and gyros to storage box.
£27.01 per 50ml     RS 164-9063




[image: Image]
White paint marker pen, ideal to quickly identify a location on the crank and one the drive shaft to allow the optical sensor to count the rotations for accuracy.
RS 915-9041     £4.44

       


[image: Image]
 28 DIL socket
RS 674-2450    Min order qty 10 @ £6.28

[image: ]
5v Regulator T0220 package
Used to reduce the 12V to 5v for PIC 
RS 298-8508   81p


[image: Image] mini SD card holder with solder termination for PCB mount
RS 172-2536   £2.30


[image: Image]Sensor extension cable 5core 0.34mm2
RS 853-0969    £189.03


[image: Image] Keyswitch/isolator 
 RS 745-2439    £8.09
[image: ]An isolating keyswitch could be used to isolate the battery from the pcb without interfering with connections on the pcb.
Fuse protection (resettable) will also be a preferred solution to potential shorts within the sensor section of the circuits.
RS 624-3152     27p





Colour coding and identifying connections
Colour code and clearly identify all connection plugs to avoid mismatch issues which could damage the sensor or the IC. Asl identifying the orientation of the gyros by printing arrows on the outer case to ensure the portable box is facing the correct way to allow correct data from the gyros.
	Sensor
	Colour

	Temperature
	Black

	RPM
	Brown

	MPH
	Yellow

	Gyro
	RED

	Suspension
	White


· Engine temp- 4 pin- BLACK………
· RPM- 4 pin- BROWN……….
· Vehicle speed (MPH)- 4 pin- YELLOW…………
· Front and rear suspension travel- 5 pin- WHITE……………
· Pitch, roll and yaw- 5 pin- RED…………

[image: Image]
Colored Heat shrink tubing kit to colour code the sensor connections to avoid confusion of the similar PCB connections, this kit also includes shrouded battery terminal crimps:-
£36.92    RS 408-9681


[image: Image]Assortment electrical tape RS 511-4312  £9.88



[image: Image]
Dymo label printer to help identify connections and switch positions
 RS 754-5008      £38.22



[image: ]Illuminated pushbutton IP65 panel mount
RS 706-4060       £5.01



Task 4 Provide a full circuit design and a PCB design to achieve the above brief, outlining the general principles of operation of any included components/modules when used in this particular configuration. 

[image: Diagram, schematicDescription automatically generated] The full circuit schematic diagram screen shot as developed in Easy -PC

Easy-PC circuit development screen shots.
[image: A screenshot of a computerDescription automatically generated with low confidence]



Original component placement without SD and USB





[image: Diagram, schematicDescription automatically generated]



Final component placement with SD and USB









D PCB view top silk 
[image: A picture containing text, electronics, circuitDescription automatically generated]


[image: A picture containing textDescription automatically generated]

Unique PCB identification



[image: A screenshot of a computerDescription automatically generated with medium confidence]



D PCB view bottom silk 




Task 5 Provide a prototype software design.
Program structure block diagram 

[image: Image]
Flow Chart
12V battery to ensure a reliable supply for the trial. A 5V regulator will be attached to the project box via a heatsink to ensure it does not over heat. This will ensure that the required 5V for the PIC will be available and reliable.
[image: Image]
Task 6 Provide the prototype build costs. 
Costing summary


	Estimated Project Costs

	Description
	Qty
	Cost

	PCB
	 
	 

	PIC
	1
	£3.88

	28 pin socket
	10
	£6.28

	Case
	1
	£63.00

	Project box
	1
	£7.16

	Temp Sensor
	1
	£189.42

	Bracket
	1
	£26.41

	RPM Sensor
	1
	£72.37

	MPH Sesnor
	1
	£72.37

	Gyro Sensor P
	1
	£17.00

	Gyro Sensor R
	1
	£17.00

	Gyro Sensor Y
	1
	£17.00

	Potentiometer
	4
	£1,083.40

	12V Battery
	1
	£20.91

	Lemo Sockets
	10
	£250.00

	Lemo Plugs
	10
	£160.00

	PCB terminal block
	10
	£3.64

	Araldite
	1
	£27.01

	heatshrink/crimp Kit
	1
	£36.92

	Paint Pen
	1
	£4.44

	SD card + (spare)
	2
	£12.22

	SD card holder
	1
	£2.30

	Dymo printer
	1
	£38.22

	Stuffing Glands
	10
	£54.00

	Electrical tape 
	1
	£9.88

	Pushbutton
	 
	£5.01

	 keyswitch
	1
	£8.09

	fuse
	10
	£2.70

	 
	 
	 

	 
	 
	 

	Total
	 
	£2,210.63






Task 7 Using the information gained whilst researching task 1, please provide a list of suggested improvements to the specification for the next iteration and briefly give your reasons for the suggestions. 

Further research and clarity on the newest technology available to support Bluetooth connectivity would be an advantage. This could be coupled with a suitable mobile phone or tablet app to allow data to be quickly assessed, maybe even during the trial. 
A single package Gyro sensor would be a big benefit and reduce the overall size of the pcb required, reducing manufacturing costs. From research a 3 axis gyro smt mounted on a pcb with connections is approx £20 from Reichelt elektronik. The use of a Multi IDC keyed connectors would ease and speed up connectivity whilst minimising any connection errors, especially due to the multiple similar 3 pin connectors being used. A keyed connector will ensure fitment in the correct orientation.



Task 8 Provide a formal report detailing tasks 

After the pcb has been ordered, estimated 4 days delivery. The pcb would be installed within the project box. All pcb headers would then be connected via stuffing glands to the external carry case. Each connection would be clearly identified as mentioned previously, using both heatshrink and the dymo label printer.
The gyros would be install internally within the carrycase and identified on the outside by means of arrows and labels.
The power would be wired through the isolator keyswitch. An inline fuse would be mounted inside the project box.
USB connection for programming would be left within the project box.
SD card would also be left within the project box, this maximises the data protection from unforeseen.
The remaining sensors would be directly wired using the lemo plugs and sockets. The extension cable and in line connectors would be used to extend the cables due to the size of the vehicle and the length of cable fixed to the purchased sensors in minimal.
Due to mounting issues a reliable araldite product will be used to hold everything secure. Minimum cure time allows for quick fixing.
The battery would be securely glued in place to avoid it moving when the vehicle travels along the track.
The carry case would be securely placed within the passenger footwell where it would have easy access to the engine fire wall where there are rubber grommets allowing cable access to the engine compartment.
It is essential that the portable case is unable to move within the footwell.

Design a circuit diagram on proteus and design the PCB’s
Proteus screen shots
[image: Image]


PIC 18F24K50
[image: Image]


Ordering a manufactured PCB

After saving a file of all the plots 
[image: Graphical user interface, applicationDescription automatically generated]


The file was uploaded into the https://cart.jlcpcb.com/quote website
[image: A screenshot of a computerDescription automatically generated with low confidence]
[image: Graphical user interface, text, applicationDescription automatically generated]

Lead free solder required.
Qty selected as 5 for prototype reductions.
Quoted cost was £9.35 inc free delivery
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Datasheets and Research links

PicoLog PicoLog ADC-20 and ADC-24 data sheet (rs-online.com) 
GRANT- Microsoft Word - G210 DataTaker DT80.doc (tempcon.co.uk) 
Tttech-auto- PM-200 - TTTech Auto (tttech-auto.com)
Campbell- CR1000X: Measurement and Control Datalogger (campbellsci.com)
Optical reflective sensor - SD-VOP02-000.pdf (2d-datarecording.com)
PIC- PIC18(L)F2X45K50 Data Sheet (microchip.com)
Araldite:- 0900766b8161b835.pdf (rs-online.com)
Heatshrink Kit- PowerPoint Presentation (rs-online.com)
Battery - Yuasa NP2.1-12 Industrial VRLA Battery (rs-online.com)
SD card- 0900766b81686dd0.pdf (rs-online.com)
POT- Wire Potentiometers - Datron Technology
Selected TE POT- miniature cable-extension position transducers
SD crad connector- 0900766b8154d287.pdf (rs-online.com)
Sensor cable - ItemDetails (rs-online.com)
2d- datarecording.com- Gyro- SA-GYxxxV4-000.doc (2d-datarecording.com) 
Optical Sensor- https://docs.rs-online.com/8a16/0900766b80bd1522.pdf
www.techtarget.com
https://www.electroniccircuitsdesign.com/pinout/sd-microsd-card-pinout.html
5v regulator- Positive voltage regulator ICs (rs-online.com)
Carry On Cases: USA Made and Waterproof | Peli
Dymo label printer- A700000006759979.pdf (rs-online.com)
Key-switch dimensional drawing- 0900766b81585623.pdf (rs-online.com)
Research reading link- DIGIL 410-215: Pmod GYRO: 3-axis digital gyroscope at reichelt elektronik
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Charge Details ~

‘Special Offer £579

Via Covering £000

Surface Finish £356

Build Time

PCB: @ 4days £000
3days £2118
2days £2366

Calculated Price £9.35

‘Additional charges may apply for special cases

Weight 0.25kg
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PIC18(L)F2X/45K50 Family Types

Program Memory | Data Memory ow| & a - -

o 2t 5582|258 822

Device Flash | Single-word | SRAM | L 0% | Pins | 10| & § 218g/2(5(2|3|E52|8
(bytes) | Instructions | (bytes) (bytes) Ex s 2 @ 2|3

PIC18(L)F45K50| 32K | 16384 | 2048 | 256  |40/44| 36 |25-ch| 2 | 111 |Yes|Yes| 1 | 1 | 22 |Yes
PIC18(LF25K50| 32K | 16384 | 2048 | 256 | 28 | 25 |14-ch| 2 | 111 |Yes|Yes| 1 | 1 | 22 [Yes
PIC18(LF24K50| 16K | 8192 | 2048 | 256 | 28 | 25 |14ch| 2 | 111 |Yes|Yes| 1 | 1 | 22 |Yes
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1 DGND Digital ground biue
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Connector layout Connector type

Analog (from serial n°32) Mating plug Plug at sensor
_[Pin_TName  [Description Color (standard)
=

£ &1 1 [AGND [Analog Ground __|black

¥ [ 2 [VCC#5V_| Power supply red

2 5[ 3 [nc Not connected -

<£l[ 4 [nc Not connected E Binder 719, 5 PF Binder 719, 5 PM

5 |Signal | Analog signal white (front side) (front side)





image37.png
Formula

12 Bit AD
16 Bit AID

Voltage

SA-GY200V4-000
Angular speed %]
Angular speed [*s]
Angular speed [*/s]

Multiplicator
40013276
400/52428
100

Digits
Digits
Volt

Offset
250
250
250




image38.png




image39.png




image40.png




image41.png




image42.png




image43.png




image44.png
Connector layout Mating plug __ Plug at sensor

_[Pin_[Name [ Description Color (standard) | Color (alternative)
a

S |1 [AGND | Analog Ground black or brown

%[ 2 [Power | Power supply red or white
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597-807 507-813 815329 128-7028 320-4508
Brand Yuasa Yuasa Yuasa Yuasa Yuasa
Mfr. Part No NP1.2412 NP2.1-12 NP4-6RS NP2.3-12 NPH5-12
Datasheet

R = R = R

Construction AGM AGM AGM AGM AGM
Designed for Cyclic Yes Yes Yes Yes Yes
Application
Capacity 12Ah 21An 4An 23A0 5.1Ah
Operating 20 — +60°C 20  +60°C 20 — +60°C 20  +60°C 20 — +60°C
Temperature Range
Nominal Voltage 12v 12v 6V 12v 12v
Terminal Type Faston F1 Faston F1 Faston F1 Faston F1 Faston F2
Dimensions 97 x 48 x 54.5mm 178 x 34 x 64mm 105.5 70 x 47mm 178 x 34 x 64mm 106 x 90 x 70mm
Designed High No No No No Yes
Rate Application
Weight 5809 8209 8709 1.1kg 2g
Eurobat 3105 Years 3to5 Years 3105 Years 3to5 Years 3105 Years
Classification
Category Lead Acid Batteries Lead Acid Batteries Lead Acid Batteries Lead Acid Batteries Lead Acid Batteries
RS Stock No 597-807 597-813 815329 128-7028 320-4508
Availability

v v v v v
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Gland, M12 Thread, 3mm Min, Gland, M20 Thread, 4mm Min, Gland, M16 Thread, 3mm Min, Gland, PG9 Thread, 4mm Min
6.5mm Max, IP68 9mm Max, IP68 7mm Max, 1P68 mm Max, IP68

RS PRO Black Nylon D RS PRO Black Nylon

[P 2
" Cable Gland, M20 Cable Gland, M16

Thread, 4mm Min, 9mm Thread, 3mm Min, 7mm
Max, IP68 Max, IP63

669-4654 669-4660 669-4667 822-9675
Brand RS PRO RS PRO RS PRO RS PRO
Mfr. Part No - = - -
Datasheet

R = R =

Minimum Cable 3mm 4mm 3mm 4mm
Diameter
IP Rating P68 1P68 P68 1P68
Material Nylon 66 Nylon Nylon Nylon 66
Thread Size M12 M20 M16 PGY
Maximum Cable 6.5mm omm 7mm smm
Diameter
Colour Black Black Black Black
Locknut Included Yes Yes Yes Yes
Standards Met UL94 V-2 uL94 V-2 UL94 V-2 uL94 V-2
Category Cable Glands Cable Glands Cable Glands Cable Glands
RS Stock No 660-4654 669-4660 660-4667 822-9675
Availability

v v v v
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