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[bookmark: _Toc25597590][bookmark: _Toc30844694]Introduction
This report will outline the tasks given to design a microcontroller based marine weather data acquisition system. The system will be designed to be fitted onto any vessel, while it is subjected to a 7-day test. The designed system will be testing the following parameters;
· Wind Speed
· Wind Direction
· GPS position
· Air Temperature
· Humidity
· Wave Height
· Sunlight Brightness

Data obtained will be sent to a microcontroller to be stored in non-volatile memory, which can be externally read and cleared when connected to a computer via USB.  A battery is needed to power the system and connectors for each sensor will be required. A protective case is also required for the system to be transported safely.
This report will outline each section of the design process. The decisions made will be based on research, calculations and the given requirements in the task. 
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[bookmark: _Toc30844695]Current Vehicle Acquisition Systems
Weather data acquisition systems are used to measure real world weather conditions and convert the results into data. There is a variety of marine weather data acquisition system available in the current market. Below are current weather data acquisition systems which can be purchased. Table 1 highlights the key difference between the selected weather data acquisition systems.

[bookmark: _Toc30844696]Bresser Professional
It is a ‘six in one’ weather data acquisition system. Low range system which measures UV-level, wind speed, wind direction, humidity, temperature and precipitation rate. Also benefits from a display screen WIFI and a USB.
[image: /Users/jacksolomon/Desktop/Screenshot 2020-01-15 at 17.38.13.png]
Figure 1. [1]

[bookmark: _Toc30844697]WeatherPak Marine 
Top of the range device measures air temperature, wind speed and direction, relative humidity and barometric pressure. Also has 4GB memory and a variety of data transfer options.
[image: ]













Figure 2. [2]

[bookmark: _Toc30844698]MetPak Pro
Mid-range device which measures wind speed and direction, temperature, relative humidity and dew point and also barometric pressure. Also has the ability to connect 4 additional external sensors with multiple data transfer options.

[image: ]
Figure 3. [3]

[bookmark: _Toc30844699]Vaisala HydroMet
Highest spec automatic weather station. High price and quality. Measures wind speed & direction, air temperature, relative humidity, air pressure and precipitation. Also has 10 analogue inputs, 2 counter inputs and an internal channel for pressure sensor with multiple data transfer options.

[image: ]
Figure 4. [4]





[bookmark: _Toc30844700]Existing Systems Comparison
	
Name
	Bresser
	WeatherPak Marine
	MetPak Pro
	Vaisala

	Mfr. No.
	7002540CM3000
	n/a
	1723-1B-2-111
	MAWS201

	Image
	[image: /Users/jacksolomon/Desktop/Screenshot 2020-01-15 at 17.38.13.png]
	[image: ]
	[image: ]
	[image: ] 

	Voltage Supply
	6x AA batteries (1.5V)
	9.6 – 16Vdc & optional power cable (AC/DC)
	5 to 30 V dc
	12Vdc, solar panel, 7Ah battery

	Measuring Types
	· Air temp
· Wind speed
· Air pressure
· UV
· Humidity
· Precipitation
	· Air temp
· Wind speed & direction
· Relative humidity
· Compass
· Barometric pressure
	· Wind speed & direction
· Temperature
· Relative humidity & dew point
· Barometric pressure
	· Wind speed & direction
· Air temperature
· Relative humidity
· Air pressure
· Precipitation

	
	
	
	Can connect to 4 additional external sensors
	· 10 analogue inputs
· 2 counter inputs
· Internal channel for pressure sensor

	Sample Rate
	1Hz
	100Hz
	Dependant on sensor
	Dependant on sensor

	Data Transfer
	WIFI, USB
	NMEA 0183, RS-232, RS-485, TCP/IP, UHF, satellite
	USB, RS232, RS422, RS485, SDI-12
	RS-232, RS-485; SDI-12, IEE 802.3

	Dimensions
	344x394x136 mm
	Not given
	361x270x142mm
	420 × 120 mm

	Memory
	24hrs of storage
	4GB
	n/a
	4MB RAM, 3.3MB internal flash, 2GB external

	Durability
	IP66
	IP65
	IP65
	IP66

	Price
	£297
	£2,875
	£1,990
	£2,860

	Web Page
	https://www.bresseruk.com/dmax-professional-wifi-weather-centre-6-in-1.html?gclid=EAIaIQobChMIo_noiZuG5wIVSrDtCh2CYASREAQYASABEgJBEvD_BwE
	https://www.campbellsci.co.uk/weatherpak-marine
	https://r-p-r.co.uk/windsystems/metpak_pro.php
	https://www.vaisala.com/en/products/instruments-sensors-and-other-measurement-devices/weather-stations-and-sensors/maws201


Table 1. [1] [2] [3] [4]
[bookmark: _Toc25597596][bookmark: _Toc30844701]Microcontroller Specification
A specification must be created to outline what is required from the microcontroller (PIC). This is important because if the PIC selected does not meet the criteria, then it could cause problems later down the line. 
	Name
	Pins
	A or D
	Resolution 
	Sample Seconds

	Wind speed & Direction
	2
	D
	RS232
	0.1s

	Air Temperature & Humidity
	2
	A
	8 bit
	1s

	Sunlight
	1
	A
	8 bit
	1s

	Wave height 
	2
	D
	10 bit
	0.5s

	GPS 
	2
	D
	RS232
	1s

	SD card
	3
	D
	
	

	Start Button
	1
	D
	
	

	Tell
	1
	D
	
	

	USB
	2
	D+/D-
	
	

	RS232
	2
	D
	
	

	LED
	1
	A
	
	



	
	Bits

	Digital signal pins (plus interrupt)
	6

	Analogue signal pins 
	4 (10bit)

	USB
	2

	SPI
	3

	LED
	1

	RS232
	2

	Total
	19 pins + power



	Total pins required in pic (plus spare pins)
	24


Table 2.
RAM, Memory size and clock speed will also need to be specified when selecting a microcontroller. 
	Pins required
	24

	Memory
	8K+

	RAM
	500bytes+

	Clock speed 
	16MHZ+


Table 3.






[bookmark: _Toc25597597][bookmark: _Toc30844702]Microcontroller Selection
An appropriate microcontroller can be chosen from the specification outlined in Table 3. Figure 5 shows the three microcontrollers which meet the specification.
[image: ]
Figure 5. [5]
Due to the memory size and sensible pin count outlined in figure 6, PIC18F25K50 will be used. 
[image: ]
Figure 6.








[bookmark: _Toc25597598][bookmark: _Toc30844703]Resolution Calculations
Temperature: - 0-100°C range. 
Measuring every 0.5°C. 
101/0.5 = 202bits = 8 bit

Humidity: - 0-100RH range.
Measuring every 0.5RH. 
101/0.5 = 202bits = 8 bit

Wave Height: - 2-3000mm range.
Measuring every 10mm.
2980/10 = 298bits = 10 bit.

[bookmark: _Toc30844704]RS232 Sensors
Multiple RS232 ports are required in the system and the chosen PIC only has one available. The PIC can be modified at a later date in CCS so that multiple RS232 components can be connected.

[bookmark: _Toc30844705]Non-Volatile Memory
Non-volatile memory is needed for the designed system.
	Measurement
	Signal Type
	Bytes
	Logging rate
	Total bytes

	GPS
	Digital
	1
	1s
	1

	Sunlight
	Analogue
	1
	1s
	1

	Air Temperature &Humidity
	Analogue
	1
	1s
	1

	Wave Height
	Analogue
	2
	0.5s
	4

	Wind Speed & Direction
	Digital
	1
	0.1s
	10

	Total bytes
	
	
	
	17


Table 4.
A 7-day test is required. The non-volatile memory calculation is as follows;
17 bytes x 60 = 1020 bytes /min
1020 x 60 = 61,200 bytes (61.2KB) / hour
61.2KB x 24 = 1,468.8KB (1.5Mb) / day
1.5MB x 7 = 10.5MB / 7 days

A total of 10.5Mb of memory is required for the 7-day test.






[bookmark: _Toc25597599][bookmark: _Toc30844706]SD card Selection
The Cloudisk 2GB SD card was selected due to the low cost (£6.45).

[image: https://images-na.ssl-images-amazon.com/images/I/61DMMCTFHeL._SL1000_.jpg]
Figure 7. [6]
[bookmark: _Toc25597600]
[bookmark: _Toc30844707]Logging Rates
Table 5 shows the logging rates taken by each of the sensors.
[image: ]
Table 5.


[bookmark: _Toc30844708]System Flow Chart
[image: ]
Figure 8.
[bookmark: _Toc25597601][bookmark: _Toc30844709]Block Diagram
[image: ]
Figure 9.
[bookmark: _Toc25597602]




[bookmark: _Toc30844710]Sensor Selection
It is important that correct sensors are used in the system. The following section will include a comparison of different measurement types along with a comparison of different sensors.

Sunlight Brightness Comparison
	Sensor Type
	Photoelectric
	LDR
	Photo-diode 

	Image
	[image: Image result for photovoltaic sensor]
	

	[image: Photodiode]

	IP Rating
	Low
	Low
	Low

	Positives
	· Simple
· Cheap
	· Cheap
· Simple operation
· Versatile temp range 
	· Highly sensitive to light
· Simple operation
· High frequency response

	Negatives
	· Lenses can become contaminated

	· Low frequency response
· Lenses can become contaminated
	· Fragile
· Poor temperature stability
· Higher voltage 
· Lenses can become contaminated

	URL
	https://www.hamamatsu.com/eu/en/product/type/P13243-011MA/index.html

	https://www.etechnog.com/2019/04/applications-advantages-of-ldr.html
	https://www.rfwireless-world.com/Terminology/Advantages-and-Disadvantages-of-Photodiode.html


Table 6.  [6] [7] [8]
[bookmark: _Toc30844711]LDR Sensor
This sensor will be exposed to sunlight constantly. This is an issue as it has poor protection. As a result, it will be placed in a sealed plastic bag so that it is not damaged by the elements during the test.
	Mfr. No.
	NORPS-12
	NSL-19M51
	N5AC501085

	Image
	

	

	[image: LIGHT DEPENDENT RESISTOR, 5MOHM, 100MW - N5AC501085]

	Voltage Rating
	+250V (max 10mA)
	100V
	100V

	Resistance Range
	5.4 kΩ - 12.6 kΩ
	20 kΩ - 100 kΩ
	50 kΩ - 100 kΩ

	Temperature range
	-60 - +75°C
	-60 - +75°C
	-30 - 60°C

	Connection
	2 pins
	2 pins
	2 pins

	Mounting Type
	Through hole
	Through hole
	Through hole

	Dimensions
	38 x 14.35mm
	36 x 4.1mm
	34 x 5.3mm

	Price
	£2.44
	£0.67
	£1.29

	URL
	https://uk.rs-online.com/web/p/ldr-light-dependent-resistors/9146714/
	https://uk.rs-online.com/web/p/ldr-light-dependent-resistors/9146710?cm_mmc=UK-PLA-DS3A-_-google-_-PLA_UK_EN_Displays_And_Optoelectronics-_-Optocouplers_And_Photodetectors_And_Photointerrupters%7CLdr_(Light_Dependent_Resistors)-_-PRODUCT_GROUP&matchtype=&aud-821594433763:pla-392445251449&s_kwcid=AL!7457!3!243856786781!!!g!392445251449!&gclid=EAIaIQobChMIrN-jjNmA5wIVQrTtCh3JXgY9EAQYBCABEgJnE_D_BwE&gclsrc=aw.ds
	https://uk.farnell.com/lprs/n5ac501085/light-dependent-resistor-5mohm/dp/7482280?gclid=EAIaIQobChMInrSrrN2A5wIVmKztCh0Rcg6fEAkYASABEgKA9vD_BwE&gross_price=true&mckv=S19uokpR_dc|pcrid|78108369789|&CMP=KNC-GUK-GEN-SHOPPING-7482280


Table 7.  [9] [10] [11]

[bookmark: _Toc30844712]Air Temperature Comparison
	Sensor Type
	Thermocouple
	LM Temperature
	Temp & Humidity

	Image
	

	[image: LM35 Temperature Sensor Pinout]
	[image: https://br.omega.com/omegaFiles/temperature/images/HX94B_l.jpg]

	IP Rating
	Low
	Low
	High

	Positives
	· Cheap
· Accurate
· Robust
	· Cheap
· Simple Operation
· Wide temperature & voltage range 
	· Robust
· Fairly accurate
· Durable
· 2 in 1 sensor

	Negatives
	· Small signal
· Susceptible to water damage
· Signal conditioning
	· Susceptible to water damage 
	· Expensive
· Complex

	
	https://uk.rs-online.com/web/p/products/3629840?cm_mmc=UK-PLA-DS3A-_-google-_-CSS_UK_EN_Automation_And_Control_Gear-_-Sensors_And_Transducers%7CPlatinum_Resistance_Temperature_Sensors-_-PRODUCT_GROUP&matchtype=&pla-432216837506&gclid=Cj0KCQiAtrnuBRDXARIsA.
	https://components101.com/lm35-temperature-sensor
	https://www.omega.co.uk/pptst/HX94B.html


Table 8.  [12] [13] [14]

[bookmark: _Toc30844713]Humidity Comparison
	Sensor Type
	Resistive 
	Capacitive
	Temp & Humidity

	Image
	

	

	[image: https://br.omega.com/omegaFiles/temperature/images/HX94B_l.jpg]

	IP Rating
	Low
	Moderate
	High

	Positives
	· Cheap
· Mid-range RH (20-90%)
· Simple operation
	· More Expensive than resistive
· Simple operation
· Wide range RH (0-100%)
· Durable

	· Fairly accurate
· Durable
· 2 in 1 sensor

	Negatives
	· Susceptible to condensation damages.
· Not	suitable	for extreme RH values
	· Non-linear output
· High output impedance

	· Expensive
· Complex – 2 measurements


	URL
	https://uk.farnell.com/honeywell/hih-4021-004/humidity-sensor/dp/1690946?gclid=EAIaIQobChMIjMGZ87Go5gIVi7TtCh2trQxOEAkYEyABEgK4-PD_BwE&gross_price=true&mckv=sywZUbvBE_dc|pcrid|78108376509|kword||match||plid||slid||product|1690946|pgrid|14406255429|ptaid|aud-157604796549:pla-833792141968|&CMP=KNC-GUK-GEN-SHOPPING-1690946
	https://www.rotronic.com/media/productattachments/files/w/e/webinar_2_v4_-_pros_cons_of_humidity_measurement_technologies_-_9-17.pdf
	https://www.omega.co.uk/pptst/HX94B.html


Table 9.  [15] [16] [17]





[bookmark: _Toc30844714]Temperature & Humidity Sensor
	Mfr. No.
	T9602-5-A
	HPP809A031
	HX303AC

	Image
	[image: T9602-5-A. - HUMIDITY/TEMP SENSOR, 0-100% RH, IP67]
	

	[image: https://br.omega.com/omegaFilesUK/temperature/images/HX300GB_l.jpg]

	Voltage Supply
	5Vdc
	4.75 – 5.25Vdc
	12 to 40 Vdc

	Output
	0 – 5V (750 uA)
	1 – 4 VDC
	4 – 20mA

	Temperature range
	-20 – 70°C
	-40 - 85 °C
	0 to 100°C

	Humidity Range
	0 – 95%RH
	1 – 99RH
	0 to 100% RH

	Connection
	4 wires
	5 wires
	3 wires

	A or D
	A
	A
	A

	IP Rating
	IP67
	IP65
	IP65

	Dimensions
	41.5 x 10.5mm
	11.6 x 76.3mm
	77 x 90mm

	Price
	£52.94
	£58.49
	£182.00

	URL
	https://uk.farnell.com/amphenol-advanced-sensors/t9602-5-a/humidity-temp-sensor-0-100-rh/dp/2506111
	https://uk.rs-online.com/web/p/temperature-sensors-humidity-sensors/8937373?cm_mmc=UK-PLA-DS3A-_-google-_-PLA_UK_EN_Semiconductors-_-Sensor_Ics%7CTemperature_And_Humidity_Sensors-_-PRODUCT_GROUP&matchtype=&aud-827186183886:pla-544508151584&s_kwcid=AL!7457!3!243845768635!!!g!544508151584!&gclid=EAIaIQobChMIps-JsOGA5wIVSrTtCh1How1WEAQYBCABEgJHWPD_BwE&gclsrc=aw.ds
	https://www.omega.co.uk/pptst/HX300GB.html#description


Table 10. [18] [19] [20]










[bookmark: _Toc30844715]Wind Speed Comparison
	Sensor Type
	Anemometer
	Wind Speed & Direction (Ultrasonic)
	Laser Doppler

	Image
	[image: ]
	

	[image: ]

	IP Rating
	High
	High
	· High

	Positives
	· Simple operation
· Accurate in constant wind speed
· Cheap
	· 2 in 1 sensor
· Accurate
· Durable
· Relatively cheap
· No moving parts
	· Accurate
· No moving parts
· Durable

	Negatives
	· Inaccurate when measuring short gusts
· Moving parts – may damage or break
	· 2 measurements - complex
	· Expensive 
· Difficult to maintain

	URL
	https://thepihut.com/products/adafruit-anemometer-wind-speed-sensor-w-analog-voltage-output?variant=27739587537&currency=GBP&gclid=EAIaIQobChMI5uiByIeE5wIVw7HtCh1CtglrEAQYAyABEgIqv_D_BwE
	https://www.omniinstruments.co.uk/weather-stations-and-instruments/wind-speed-and-direction-sensors/windsonic-solid-state-wind-speed-and-direction-sensor.html

	https://newatlas.com/catch-the-wind-racers-edge-laser-wind-mapping/14083/




Table 11. [21] [22] [23] [24]

[bookmark: _Toc30844716]Wind Direction Comparison
	Sensor Type
	Wind Speed & Direction (Ultrasonic)
	Wind Vane
	n/a

	Image
	

	[image: ]
	

	IP Rating
	High
	High
	

	Positives
	· 2 in 1 sensor
· Accurate
· Durable
· Relatively cheap
· No moving parts
	· Very simple
· Accurate
· Cheap
	

	Negatives
	· 2 measurements - complex
	· Moving parts – wear and damage
· Doesn’t work well in rapidly fluctuating winds & extreme conditions
	

	URL
	https://www.omniinstruments.co.uk/weather-stations-and-instruments/wind-speed-and-direction-sensors/windsonic-solid-state-wind-speed-and-direction-sensor.html

	https://www.amazon.co.uk/Jeffergarden-Garden-Signal-Aluminum-Alloyed-Direction/dp/B07S8BD2V9/ref=asc_df_B07S8BD2V9/?tag=googshopuk-21&linkCode=df0&hvadid=394333405565&hvpos=1o4&hvnetw=g&hvrand=8095939736775222005&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007443&hvtargid=pla-837526060781&psc=1&tag=&ref=&adgrpid=83538188322&hvpone=&hvptwo=&hvadid=394333405565&hvpos=1o4&hvnetw=g&hvrand=8095939736775222005&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007443&hvtargid=pla-837526060781


	


Table 12. [25] [26]

Wind Speed & Direction Sensor
	Manufacture Number
	1405-PK-021
	1390-PK-026
	05106

	Image
	

	[image: https://www.omniinstruments.co.uk/media/catalog/product/1/5/1512_1.jpg]
	[image: http://www.youngusa.com/catalog/images/05106_for%20RMY%20Website%20Product%20Page.jpg]

	Voltage Supply
	5 – 30Vdc (44mA)
	9-30VDC
	8-24 Vdc

	Output
	12Vdc
	0 - 5V
	0-5 Vdc

	Wind Speed Range
	0 - 60m/s
	0-65m/s
	0-100 m/s

	Wind Direction
	0-359°
	0-359º
	0 - 355°

	Connection
	4 wires
	9 pairs
	6 wires

	A or D
	RS232
	A
	A

	IP Rating
	IP66
	IP66
	IP67

	Dimensions
	163 x 142mm
	381 x 213mm
	550 x 370mm

	Price
	£640.46
	£1,445.00
	$1176.00

	URL
	https://www.omniinstruments.co.uk/weather-stations-and-instruments/wind-speed-and-direction-sensors/windsonic-solid-state-wind-speed-and-direction-sensor.html
	https://www.omniinstruments.co.uk/windobserver-65-ultrasonic-anemometer.html#upsell-product-div
	http://www.youngusa.com/products/7/8.html



Table 13. [27] [28] [29]

[bookmark: _Toc30844717]Wave Height Comparison
	Sensor Type
	Ultrasonic 
	Draw Wire 
	Pressure Sensor

	Image
	[image: Grove - Ultrasonic Distance Sensor]
	

	[image: https://www.aanderaa.com/media/products/tide-sensor-5217.jpg]

	Positives
	· Fairly Accurate 
· Simple
	· Accurate 
· Simple
	· Robust
· Accurate

	Negatives
	· Susceptible to water damage
	· Requires an anchor point on the sea floor
	· Requires an anchor point on the sea floor

	URL
	https://www.seeedstudio.com/Grove-Ultrasonic-Distance-Sensor.html
	https://www.kuebler.com/en/products/measurement/linear-measuring-systems/product-finder.html
	https://www.aanderaa.com/productsdetail.php?Tide-Sensor-19



Table 14. [30] [31] [32]











[bookmark: _Toc30844718]Wave Height Sensor
The two sensors will measure the difference in water levels within two hollow plastic pipes submerged in water. One with large holes in the bottom to allow for the water to flow through easy, and the other with smaller holes so less water flows through.

	Manufacture Number
	83-17989
	101020010 
	28015

	Image
	[image: 83-17989 - HC-SR04 Ultrasonic Sensor For Arduino And Raspberry Pi]
	

	[image: 28015 - Sensing Range Min:2cm]

	Voltage Supply
	5V
	3.3 – 5V
	5V

	Output
	0 – 5V
	0 – 5V
	0 – 5V (30mA)

	Measuring Range
	3 - 300cm
	3 – 400cm
	2 – 300cm

	Ultrasonic Frequency
	40KHz
	40KHz
	40KHz

	Connection
	4 pins
	4 pins
	3 pins

	A or D
	D
	D
	A

	IP Rating
	Poor
	Poor
	Poor

	Dimensions
	43 x 20 x 15mm
	50 x25 x16mm
	22 x 46 x 16 mm

	Price
	£6.53
	£13.54
	£24.33

	URL
	https://uk.farnell.com/mcm/83-17989/hc-sr04-ultrasonic-sensor-for/dp/2801408?gclid=EAIaIQobChMIvc25o4GB5wIV0kPTCh1Cqwl1EAQYASABEgIyw_D_BwE&gross_price=true&mckv=smjjlcDtU_dc|pcrid|78108376509|kword||match||plid||slid||product|2801408|pgrid|14406255429|ptaid|aud-157604796549:pla-833792142128|&CMP=KNC-GUK-GEN-SHOPPING-2801408
	https://www.rapidonline.com/seeed-101020010-grove-ultrasonic-ranger-distance-sensor-3cm-to-4m-5v-75-0427
	https://uk.rs-online.com/web/p/sensor-development-kits/7813020/


Table 15. [33] [34] [35]





[bookmark: _Toc30844719]GPS
	Sensor Type
	GPS
	n/a

	Image
	[image: GPS Sensor]
	

	Positives
	· Accurate
· Works in all weather conditions
· Relatively cheap
· Covers all of the planet
	

	Negatives
	· Dependent on GPS signal
	

	
	https://www.roseindia.net/services/trackingsystem/advantaesanddisadvantagesofgps.shtml

	


Table 16. [36]

[bookmark: _Toc30844720]GPS Sensor
GPS can be kept in the case for protection as it is not required to be outside.
	Manufacture Number
	GY-GPS6MV2
	MTK3339
	ADA1059

	Image
	[image: /Users/jacksolomon/Desktop/Screenshot 2020-01-14 at 20.37.38.png]
	[image: ]
	[image: /Users/jacksolomon/Desktop/Screenshot 2020-01-14 at 21.15.48.png]

	Voltage Supply
	3 - 5Vdc (45mA)
	3 - 5.5Vdc
	3 - 4.3Vdc

	LED
	Y
	Y
	Y

	Baud Rate
	9600bps
	9600bps
	9600bps

	Connection
	4 pins
	9 pins
	4 pins

	A or D
	RS232
	RS232
	RS232

	Dimensions
	35 x 25mm | 25 x 25mm
	15 x 15mm
	15 x 15mm

	Price
	£2.11
	£39.71
	£36.90

	Additional Info
	Comes with an antenna
	Built in antenna
	Built in antenna

	URL
	https://www.aliexpress.com/item/1576901813.html?src=google&src=google&albch=shopping&acnt=494-037-6276&isdl=y&slnk=&plac=&mtctp=&albbt=Google_7_shopping&aff_platform=google&aff_short_key=UneMJZVf&&albagn=888888&albcp=1622677378&albag=57224001810&trgt=743612850714&crea=en1576901813&netw=u&device=c&gclid=EAIaIQobChMI2fzyqveD5wIVxLTtCh0ZEwqzEAYYASABEgK2wvD_BwE&gclsrc=aw.ds
	https://coolcomponents.co.uk/products/ultimate-gps-breakout-66-channel-w-10-hz-updates-version-3?variant=45223104846&utm_medium=cpc&utm_source=google&utm_campaign=Google%20Shopping&gclid=EAIaIQobChMI88LNrPyD5wIVmKztCh3eHQjuEAQYBiABEgIj0PD_BwE
	https://shop.pimoroni.com/products/adafruit-flora-wearable-ultimate-gps-module?variant=388748758&currency=GBP&utm_source=google&utm_medium=cpc&utm_campaign=google+shopping&gclid=EAIaIQobChMIx96e1YCE5wIVRrDtCh0kWwvPEAQYAyABEgJoc_D_BwE




Table 17. [37] [38] [39]

[bookmark: _Toc30844721]Battery Specification
The maximum current output for each sensor must be used to calculate the required battery capacity. This can be seen in table 14 below.
	Sensor
	Max Current

	GPS
	45mA

	Sunlight
	10mA

	Air Temperature & Humidity
	0.75 mA

	Wave Height
	30mA

	Wind Speed & Direction
	44mA

	Total
	129.75mA


Table 18.
To calculate the battery capacity required, the following calculations were used. 
Capacity (amp hour) = Total current (A) x Time (hours)
Capacity = 0.130Ah x 24 (hours)
Capacity = 3.12Ah x 7 (days)
Total Capacity Required = 21.84Ah (for 7 days)

[bookmark: _Toc30844722]Battery Type Comparison 
	Battery
	Lithium Ion
	Nickel-Cadmium NiCd
	Nickel-Metal Hydride (Ni-MH)

	Image
	[image: Safari Drives 12V DC Rechargeable Li-ion Battery Pack for CCTV Camera 2800mAh with UK Plug Charger]
	[image: ]
	


	Positives
	· High energy density
· Not subjected to the ‘memory effect’
· Wide range of sizes and capacity
· Good performance to weight ratio
· Rechargeable
	· Good at maintaining voltage and holding charge when not in use
· Delivers their full rated capacity at high discharge rates
· Rechargeable
	· Possess 2-3 times the capacity of a nickel-cadmium battery of the same size
· Isn’t subjected to the ‘memory effect’
· Rechargeable

	Negatives
	· Can be expensive
	· Subjected to ‘memory effect’. When a partially charged battery is recharged, it lowers the future capacity of the battery 
· Lack of selection online -above battery doesn’t meet the capacity required, would need to meet spec.
	· High self-discharge

	URL
	https://www.safaridrives.co.uk/12v-dc-rechargeable-li-ion-battery-pack-4800mah-with-uk-charger-for-cctv-camera/

	https://www.batteryspace.com/nicdrechargeablebattery9v120mah1pcs.aspx

	https://www.ebay.co.uk/i/383175769556?chn=ps&norover=1&mkevt=1&mkrid=710-134428-41853-0&mkcid=2&itemid=383175769556&targetid=594652162240&device=c&mktype=pla&googleloc=9045405&poi=&campaignid=6619151966&mkgroupid=84510980808&rlsatarget=aud-381667280803:pla-


Table 19. [40] [41] [42]

[bookmark: _Toc30844723]Battery Selection
	Manufacture Number
	B0822F69F1
	A1277
	YB1206000-USB

	Image
	

	[image: /var/folders/2b/3zpqz1h13qbgjvmb22t3814m0000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/61vj2BPDpuL._AC_SL1500_.jpg]
	


	Voltage
	5V
	5V
	5V

	Capacity
	40000mAh
	26800mAh (2 required)
	12000mAh (3 required)

	Price
	£105.99
	£49
	£48.99

	Dimensions
	20 x 14.5 x 4.6 cm
	8.2 x 18 x 2.2 cm
	13 x 2.5 x 7.6 cm

	Weight
	1.5 Kg
	499g
	349 g

	URL
	https://www.amazon.co.uk/FLOUREON-Portable-Generator-40000mAh-Emergency/dp/B0822F69F1/ref=asc_df_B0822F69F1/?tag=googshopuk-21&linkCode=df0&hvadid=399560662311&hvpos=1o4&hvnetw=g&hvrand=15869869649146345672&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007460&hvtargid=pla-862871918861&psc=1&tag=&ref=&adgrpid=84809710683&hvpone=&hvptwo=&hvadid=399560662311&hvpos=1o4&hvnetw=g&hvrand=15869869649146345672&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007460&hvtargid=pla-862871918861
	https://www.amazon.co.uk/Anker-PowerCore-Portable-Double-Speed-Recharging/dp/B01JIWQPMW/ref=asc_df_B01JIWQPMW/?tag=googshopuk-21&linkCode=df0&hvadid=309877496628&hvpos=1o2&hvnetw=g&hvrand=14921077301658142653&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007443&hvtargid=pla-378616144462&psc

	https://www.amazon.co.uk/TalentCell-Rechargeable-6000mAh-12000mAh-Lithium/dp/B0713T4XT9/ref=asc_df_B0713T4XT9/?tag=googshopuk-21&linkCode=df0&hvadid=256464514719&hvpos=&hvnetw=g&hvrand=15789139838212678223&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1007460&hvtargid=pla-421631113151&psc=1


Table 20. [43] [44] [45]


[bookmark: _Toc30844724]LED Selection
Figure 10 shows the LED which will be used in the project. The correct sized resistor is required to be in series with the LED. The LED is required to flash on every 10 seconds for 1 second. The LED will be connected to the PIC as normal but adding a timer to the LED can be done in CCS. 
[image: ]
Figure 10. [46]

The calculation of the resistor is as follows;
If = 20mA
Vf = 2.2V
Vres = 5 – 2.2 = 2.8V
R = 2.8/20mA = 140Ω







[bookmark: _Toc30844725]Connector Selection
Durable connectors are required in the system which can handle harsh conditions.
	Manufacturer
	SOURIAU
	LEMO
	LEMO

	Mfr. Number (Male)
	UTS7124PSCR
	EGG.TT.304.CLL
	FMP.0M.305.LLCJ

	Mfr. Number (Female) 
	UTS7124SSCR
	FGG.TT.304.CLAC31Z

	PMP.0M.305.LLMJ

	Image
	[image: ]
	[image: ]
	[image: /var/folders/2b/3zpqz1h13qbgjvmb22t3814m0000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/m_series_anodized_connector_lemo_for_motorsport.jpg]


	Contact Plating
	Nickle
	Gold
	Gold

	IP Rating
	IP68
	IP68
	IP68

	Plug & Socket Price
	£32.45
	£91.46
	£180.76

	Notes
	Medium Quality 
Good Protection
	Medium Quality 
Good Protection
	· Medium
· Quality
· Good Protection

	
	
	
	· Variety of colours – to prevent mixing up the sensors.

	URL
	https://uk.rs-online.com/web/p/industrial-automation-circular-connectors/0481064/

https://uk.rs-online.com/web/p/industrial-automation-circular-connectors/0481103/
	https://uk.rs-online.com/web/p/industrial-automation-circular-connectors/1442714/

https://uk.rs-online.com/web/p/industrial-automation-circular-connectors/1442736/
	https://www.mouser.co.uk/ProductDetail/LEMO/FMN0M304ILCT?qs=X3mOeA3ECuJalVT232ej6A%3D%3D

https://www.mouser.co.uk/ProductDetail/LEMO/HEN0M304ILNP?qs=sGAEpiMZZMvG94qpybaIZaYZLOa6IYqXboomNfzVpS%2FetwqtkMjp7A%3D%3D


Table 21.
[bookmark: _Toc25597614]
[bookmark: _Toc30844726]Chosen Connectors
	Pin Number
	3pin
	4pin 

	Male Mfr. No.
	FMN.0M.303.XLCT
	FMN.0M.304.ILCT

	Male Price
	£61.31
	£88.18

	Female Mfr. No.
	PEN.0M.303.ILMT
	EGN.MM.304.XLM

	Female Price
	£64.95
	£44.47

	URL Male
	https://www.mouser.co.uk/ProductDetail/LEMO/FMN0M303XLCT?qs=sGAEpiMZZMvG94qpybaIZeEf4nBONWgzo34lRXfdRlE%3D
	https://www.mouser.co.uk/ProductDetail/LEMO/FMN0M304ILCT?qs=X3mOeA3ECuJalVT232ej6A%3D%3D

	URL Female
	https://www.mouser.co.uk/ProductDetail/LEMO/PEN0M303ILMT?qs=sGAEpiMZZMvG94qpybaIZaYZLOa6IYqXEfChfvqWDvO%2FiD7w96liyQ%3D%3D
	https://www.mouser.co.uk/ProductDetail/LEMO/EGNMM304XLM?qs=sGAEpiMZZMvG94qpybaIZcmyJio%2FX8TLZW4oyx3nLM4R56PDS50GBg%3D%3D


Table 22.
[bookmark: _Toc30844727]PCB Quote
[image: ]
Figure 11. [47]
[bookmark: _Toc30844728]Casing Selection
A case is required to safely transport the PCB, sensors and battery.
	Part Number
	MAX300
	D7161
	D03132

	Image
	

	[image: https://www.stagedepot.co.uk/sites/default/files/styles/large/public/productimages/Untitled4.png?itok=PLWzB2o_]
	[image: D03132 - Black Water Resistant Case with Foam Insert - 246mm x 270mm x 124mm]

	Manufacturer
	Max Case
	DAP Audio
	DURATOOL

	Description
	
	Case 4
	

	Dimensions
	336 x 300 x 148mm
	280 x 230 x 98mm
	246 x 270 x 124mm

	Protection
	IP67
	IP65
	IP66

	Price
	£42.45
	£26.33
	£13.96

	Positives
	· Foam interior
· Very good protection
	· Foam interior
· Cheap
	· Good protection
· Cheap
· Foam interior

	Negatives
	· Expensive
	
	

	URL Link
	https://www.amazon.co.uk/Waterproof-Medium-Protective-Camera-Case/dp/B00S86MME0/ref=pd_aw_sbs_263_7?_encoding=UTF8&pd_rd_i=B00S86MME0&pd_rd_r=b0d2a875-d61e-4f5a-a4df-00165ae054e8&pd_rd_w=Y4AJM&pd_rd_wg=om323&pf_rd_p=0208d703-a674-4413-8899-c3889837d212&pf_rd_r=J3BND8RM6QBTJ9FN9J6X&psc=1&refRID=J3BND8RM6QBTJ9FN9J6X
	https://www.stagedepot.co.uk/rigging-install-staging/tools/storage/dap-audio-daily-case?sku=HI-D7160&gclid=CjwKCAiA8ejuBRAaEiwAn-iJ3pA5P2NQM3UYWIzcQgt3OeP0KkBkIaNCfqUA1dC08pbBYZAiqafGrhoC3CIQAvD_BwE#horizontalTab3
	https://cpc.farnell.com/duratool/d03132/water-resistant-case-270x246x124mm/dp/SG33492?mckv=sBDwqVQ2F_dc|pcrid|224699680447|kword||match||plid||slid||product|SG33492|pgrid|49812616027|ptaid|pla-760060873912|&CMP=KNC-GUK-CPC-SHOPPING&gclid=EAIaIQobChMI8d6pp5aS5wIVRLDtCh3v8gbYEAQYBCABEgIvsPD_BwE



[bookmark: _Toc25597618]Table 23. [47] [48] [49]
[bookmark: _Toc30844729]Total Cost
	Component
	Mfr. Number
	Supplier
	URL
	Qty.
	Unit Cost
	Total Cost

	Sunlight Sensor
	NORPS-12
	RS Components 
	https://uk.rs-online.com/web/p/ldr-light-dependent-resistors/9146714/
	1
	£2.44
	£2.44

	Temp & Humidity Sensor
	T9602-5-A
	Farnell
	https://uk.farnell.com/amphenol-advanced-sensors/t9602-5-a/humidity-temp-sensor-0-100-rh/dp/2506111
	1
	£52.94
	£52.94

	Wave Height Sensor
	28015
	RS Components
	https://uk.rs-online.com/web/p/sensor-development-kits/7813020/
	1
	£24.33
	£24.33

	GPS Sensor
	GY-GPS6MV2
	AliExpress
	https://www.aliexpress.com/item/32223968959.html
	1
	£2.11
	£2.11

	Wind Speed & Direction Sensor
	1405-PK-021
	Omni Instruments
	https://www.omniinstruments.co.uk/weather-stations-and-instruments/wind-speed-and-direction-sensors/windsonic-solid-state-wind-speed-and-direction-sensor.html
	1
	£640.46
	£640.46

	3 pin male connector
	FMN.0M.303.XLCT
	Mouser Electronics UK
	https://www.mouser.co.uk/ProductDetail/LEMO/FMN0M303XLCT?qs=sGAEpiMZZMvG94qpybaIZeEf4nBONWgzo34lRXfdRlE%3D
	3
	£61.31
	£183.93

	3 pin female connector
	PEN.0M.303.ILMT
	Mouser Electronics UK
	https://www.mouser.co.uk/ProductDetail/LEMO/PEN0M303ILMT?qs=sGAEpiMZZMvG94qpybaIZaYZLOa6IYqXEfChfvqWDvO%2FiD7w96liyQ%3D%3D
	3
	£64.95
	£194.85

	4 pin male connector
	FMN.0M.304.ILCT
	Mouser Electronics UK
	https://www.mouser.co.uk/ProductDetail/LEMO/FMN0M304ILCT?qs=X3mOeA3ECuJalVT232ej6A%3D%3D
	4
	£88.18
	£352.72

	4 pin female connector
	EGN.MM.304.XLM
	Mouser Electronics UK
	https://www.mouser.co.uk/ProductDetail/LEMO/EGNMM304XLM?qs=sGAEpiMZZMvG94qpybaIZcmyJio%2FX8TLZW4oyx3nLM4R56PDS50GBg%3D%3D
	4
	£44.47
	£177.88

	LED
	L-793GD
	Farnell UK
	https://uk.farnell.com/kingbright/l-793gd/led-8mm-green-60mcd-568nm/dp/1142587
	1
	22p
	22p

	Case
	MAX300
	Amazon UK
	https://www.amazon.co.uk/Waterproof-Medium-Protective-Camera-Case/dp/B00S86MM7M
	1
	£42.45
	£42.45

	SD card
	229436
	Amazon UK
	https://www.amazon.co.uk/Integral-2GB-Secure-Digital-Card/dp/B000HT2IBS
	1
	£6.45
	£6.45

	Battery
	A1277
	Amazon UK
	https://www.amazon.co.uk/Anker-PowerCore-Portable-Double-Speed-Recharging/dp/B01JIWQPMW
	2
	£49
	£98

	PCB board
	n/a
	EuroCircuits
	https://be.eurocircuits.com/shop/orders/configurator.aspx?loadfrom=web&service=pcbproto&deliverycountry=be&invcountry=be&country=be&lang=en&quantity=1&dimX=66.04&dimY=57.277&layers=1&deliveryTerm=10
	1
	£35
	£35

	Mini USB
	67503-1020
	Farnell UK
	https://uk.farnell.com/molex/67503-1020/usb-conn-2-0-mini-usb-type-b-rcpt/dp/2426381?gclid=EAIaIQobChMIgpGkk4yd5wIVTbDtCh1JigqrEAAYASAAEgK62vD_BwE&mckv=sL7Zif4tC_dc|pcrid|377992225659|kword|67503-1020|match|p|plid||slid||product||pgrid|12988040408|ptaid|kwd-4426520908|&CMP=KNC-GUK-GEN-SKU-MDC
	1
	42p
	42p

	Micro SD card
	BOB-00544
	Digikey
	https://www.digikey.co.uk/product-detail/en/sparkfun-electronics/BOB-00544/1568-1345-ND/5824094
	1
	£3.43
	£3.43

	Voltage regulator
	L7805CV
	Mouser Electronics UK
	https://www.mouser.co.uk/ProductDetail/STMicroelectronics/L7805CV?qs=9NrABl3fj%2FqplZAHiYUxWg==&gclid=EAIaIQobChMIutbo0oyd5wIViaztCh0TowgaEAAYAiAAEgIQ1vD_BwE
	1
	38p
	38p

	100nF Cap
	MCRR50104X7RK0050
	Farnell UK
	https://cpc.farnell.com/multicomp/mcrr50104x7rk0050/capacitor-100nf-50v/dp/CA06296?st=100nf%20capacitors
	5
	15p
	75p

	3 pin connector
	1725669

	RS Components
	https://uk.rs-online.com/web/p/products/2204276/?grossPrice=Y&cm_mmc=UK-PPC-DS3A-_-google-_-3_UK_EN_PCB+Terminal+Blocks_Phoenix+Contact_Exact-_-Phoenix+Contact+-+PCB+Terminal+Blocks+-+2204276-_-1725669&matchtype=e&kwd-304281901833&s_kwcid=AL!7457!3!241353123829!e!!g!!1725669&gclid=EAIaIQobChMI9eK3iJKd5wIVBLTtCh2s2wHIEAAYASAAEgLpXfD_BwE&gclsrc=aw.ds
	3
	£1.90
	£5.70

	4 pin connector
	790-1102
	RS Components
	https://uk.rs-online.com/web/p/pcb-terminal-blocks/7901102/
	4
	82p
	

	50 ohm resistor
	CPF150R000FEE14.
	Farnell UK
	https://uk.farnell.com/vishay/cpf150r000fee14/res-50r-1-1w-axial-metal-film/dp/2396015
	4
	9p
	36p

	Zenner Diode
	1N751A
	Farnell UK
	https://uk.farnell.com/multicomp/1n751a/diode-zener-0-5w-5-1v-do-35/dp/1861484?gclid=EAIaIQobChMIjunfkpCd5wIVF-DtCh2j8w4DEAAYASAAEgJNVfD_BwE&mckv=sfLvWYJQx_dc|pcrid|378056661296|kword|1n751a|match|p|plid||slid||product||pgrid|5266731968|ptaid|kwd-1995728184|&CMP=KNC-GUK-GEN-SKU-MDC
	5
	1p
	5p

	140 ohm resistor
	RW70U1400FB12
	Mouser Electronics UK
	https://www.mouser.co.uk/ProductDetail/Vishay-Dale/RW70U1400FB12?qs=sGAEpiMZZMtlubZbdhIBILZLdF6tZTc1TAqDNyA4sV4%3D
	1
	£1.80
	£1.80

	9 ohm resistor
	RS1\29R000FE70
	Mouser Electronics UK
	https://www.mouser.co.uk/ProductDetail/Vishay-Dale/RS1%5C29R000FE70?qs=sGAEpiMZZMtlubZbdhIBIEQ4dQhdiTvawBsR78JoSlc%3D
	1
	£2.47
	

	
	
	
	
	
	Total
	£1,836.11 


Table 24.








[bookmark: _Toc30844730]Proteus Design
The following section shows the final design on proteus including a screenshot of the different components.

[bookmark: _Toc30844731]Full Proteus Schematic Diagram
[image: ]
Figure 12.

[bookmark: _Toc25597619][bookmark: _Toc30844732]Signal Conditioning 
A clamp must be present on the analogue sensors to limit the voltage into the PIC to +5V. 

[image: ]
Figure 13.
[bookmark: _Toc30844733]Wind Speed & Direction
[image: ]
Figure 14.

[bookmark: _Toc30844734]Sunlight Brightness
[image: ]
Figure 15.

[bookmark: _Toc30844735]Wave Height
[image: ]
Figure 16.

[bookmark: _Toc30844736]GPS
[image: ]
Figure 17.


[bookmark: _Toc30844737]Air Temperature & Humidity
[image: ]
Figure 18.



[bookmark: _Toc30844738]USB
[image: ]
Figure 19.

[bookmark: _Toc30844739]SD Card
[image: ]
Figure 20.


LED
[image: ]
Figure 21.


Battery & Start Button
[image: ]
Figure 22.




Micro-Controller & De-coupler
[image: ]
Figure 23.










[bookmark: _Toc30844740]Easy-PC Design
The following section shows the final design on Easy-PC.

[bookmark: _Toc30844741]Full Easy-PC Schematic Design
[image: ]
Figure 24.



[bookmark: _Toc25597631][bookmark: _Toc30844742]Easy-PC Design – Without Copper Pour
[image: ]
Figure 25.














[bookmark: _Toc25597632][bookmark: _Toc30844743]Easy-PC Design – With Copper Pour
[image: ]
Figure 26.













[bookmark: _Toc25597633][bookmark: _Toc30844744]3D View
[image: ]
Figure 27.
[image: ]
Figure 28.
[bookmark: _Toc30844745]Suggested Improvements
After completing this data acquisition system, there are several ways in which in which it could be improved. Firstly, solar panels could be used as an alternate power source, this would improve the power efficiency of the system. Meaning the system could test for longer periods of time without relying on a battery.

Secondly, some of the selected sensors, such as sunlight brightness and wave height are poorly protected and can be easily damaged. Better protected sensors could be used which would result in a longer lifespan. 

A noticeable difference between this system and the current systems in table 1 is the housing. To make it more appealing to buyers a purpose-built housing could be made. This would improve sales revenue.

Additionally, adding sensors to measure more parameters would improve the system. Such as;
· Water temperature.
· Air toxicity.
· Rainfall – a funnel could be used to collect and store water so that is could be accurately measured.
· Wave period sensor – a measurement of time between each incoming wave. This would appeal to people who enjoy recreational sports such as sailing and surfing. 

There was not a set budget in the specification so the connectors chosen are of high spec and are expensive. If this system were to be placed on sale, the connectors may need to be of a lower spec to reduce the overall price.
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