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[bookmark: _Toc31376379]Design Proposal.
This is a design proposal for a microcontroller controlled marine weather station logger with the intended users being amateur marine weather forecasters. 
Design Features:
· Ability to operate in the offshore and coastal marine environmental zones.
· Independently powered via battery.
· Universally adaptable to fit seagoing vessels.
· Portable with the ability to be repeatably assembled or disassembled and stored in cabin size storage box.
· Store seven days of data logging of following weather and environmental parameters on non-volatile SD memory card.
· Measure the following weather parameters:
Temperature
Humidity
Wave height
Wind speed
Wind direction
Sunlight brightness
· Log the systems GPS position 
· Ability to access data from the system and clear stored data externally via USB.
[bookmark: _Toc31376380][image: ]

Diagram 1 showing the main hardware parts of the proposed system.

[bookmark: _Toc31376381]Literature review
Weather stations and marine weather station loggers are used to collect specific weather and environmental data by using sensors. The data collected is recorded and stored on a data logger. The data recorded is one of the tools used to predict weather forecasting. By using past and present data from weather station loggers, changes and patterns in weather forecasting can be predicted. The more accurate and up to date the data is the more accurate the weather predictions can be. 
[bookmark: _Toc31376382]What is currently available on the market.
	Make
	[bookmark: _Hlk26869494]Davis Instruments Vantage Pro2 Plus
[image: ]
	Rain wise PORTLOG Portable Weather Station

[image: Rainwise PORTLOG Portable Weather Station, solar-powered]
	[bookmark: _Hlk29375619]WEATHERPAK® Marine

[image: ]
	WATSON Wi-Fi - 
W-8681-PRO


[image: ]

	Power Source
	Solar Powered
	Solar Powered
	AC/DC
	Battery

	Wind
	Speed
Direction
Direction of High Speed
	Speed
Direction
	Speed
Direction
	Speed
Direction


	Temperature
	Outside 
Inside
Heat Index
Wind Chill
	Outside
	Outside
	Outside
Inside

	Rain
	Rain Amount
Rain Storm Amount
Rain Rate
	Rainfall
	N/A
	Rainfall Hour, Day, Week.

	Humidity
	Outside Humidity
Inside Humidity
Dew Point
	Relative Humidity
	Relative Humidity
	Outside Humidity
Inside Humidity
Dew Point

	Solar Radiation
	N/A
	Solar Radiation
	N/A
	N/A

	Pressure
	Barometric Pressure
	Barometric Pressure
	Barometric Pressure
	Barometric pressure display

	Compass
	No
	Yes
	Yes
	No

	Logging duration
	24Hr
	1Year
	>1year
	N/A

	GPS
	No
	No
	Yes
	No

	Data Interface
	Wireless LED console
	128K non-volatile RAM
	LED console
	Colour LCD Display
MicroSD Memory 
Wi-Fi Connection

	Price
	£955
	£5,178.60
	£2500
	£202


Table 1 showing marine weather monitor/logger that are currently available to buy.
The weather stations on the market all measure roughly the same weather parameters with some having the ability to measure additional parameters, such as rain fall. The weather stations are not exclusive to professional level forecasters as can be seen with the £202 Watson WI-FI; this model has a wide range of sensors which can be visualised via LED with logging data storage and retrieval features. The higher-level weather station £1000+ plus, such as the Davis Instruments Vantage Pro2 Plus have additional features such as self-power via solar panels. The top end weather stations £4000+, such as the Rain wise PORTLOG Portable Weather Station and WEATHERPAK® Marine are designed to be operate in isolated and hostile environment with high reliability and low maintenance. This means the system enclosure must be extremely weather proof (IP) and the sensors having specialised weather proof materials and coating such as anodised aluminium and stainless steel. [1] [2] [3] [4]




[bookmark: _Toc31376383]Sensor Selection
For the system to measure weather parameters specific sensor are required, the following tables show different sensor types that can measure the weather parameters the system requires. The decision of which sensor technology to use was decided by researching the pros and cons of different types available. The following factors were used to decide the most suitable choice of sensor technology that best suited the system.
· Cost of the sensor and cost of replacement
· Accuracy of the sensor.
· Calibration – requirements and methods
· Size of the sensor/ power consumption
· Output repeatability
· Circuit complexity/ Maintenance Level-High/Low
· Resistance to contamination. 
· Reliability of the sensor
· Applications marine/ durable and robust IP rating
Following the choice of Sensing Technology there follows tables displaying various sensors that use the chosen technology type in their construction. The table show some of the specification. The sensors highlighted in yellow are the ones that will be chosen for the system.

[bookmark: _Toc31376384]Types of Temperature Sensing Technology’s.
	Types of temp sensors
	Pros and Cons

	Resistance temperature
 detector (RTD)
	Pros: Very accurate (0.1°C) and stable with linear output. 
Suitable operating range (-200 to 600 °C).
Cons: Expensive. Low sensitivity. Not very rugged. Require current source.

	Thermistors
	Pros: High output and accuracy (0.05 to 1.5°C). Fast in operation.  
Cons Narrow range of sensing (-50 to+260 C). 
Output is non-linear and requires linearisation.

	Thermocouples
	Pros: Wide range of temperature sensing (-200 to 1500°C). Generates a voltage output. No external power required. Rugged construction. Cheap in cost.
Cons: Low accuracy (0.5 to 5°C) Non-linear output requiring linearisation. Not very stable. Low sensitivity. Require contact.

	Semiconductor-based sensors
	Pros: Extremely Linear output. Designed to fit in circuits. Very low in cost.
Cons: Slow operation. Power supply required. Narrow temperature range. Self-heating.


Table 2 showing various temperature sensing technology’s and the pros and cons.

[bookmark: _Toc31376385]Temperature Sensors
	[bookmark: _Hlk26525901]Make
	Measurement Specialties
HTM2500LF
Temperature and Relative Humidity Module

[image: ]
	VAISALA
Humidity and Temperature Probe HMP110
[image: HMP110 with a cable]
	Lollette 485 Waterproof Temperature and Humidity Sensor
[image: https://www.lollette.com/image/cache/catalog/sensor/Temperature-sensor-800x800.jpg]
	Lighthouse
Remote RTD
[image: https://www.golighthouse.com/media/cache/b_Remote_RTD.jpg]

	Operating Voltage
	3-10VDC
	8-28VDC
	12V DC
	10vDC

	Measuring Range
	-40 - +85⁰C
	-40 - +˚80
	-40 - 80˚C
	 -30 to +105°C

	Accuracy
	+/-0.3⁰C
	+/-0.4˚C
	± 0.5˚C
	±0.3°C

	Current Consumption 
	1mA
	1mA
	<45mA
	20mA

	Environment
	-40°C - +85°C
	-40 - +80˚C
	-40 - 80˚C
	-30 °C +105 °C

	Output signal
	1-4V
	0-5V
	0 - 5V
	 4 - 20-mA

	Ingress Protection
	Not affected by water immersion
	IP65
	-
	IP65/NEMA4 Rating

	Signal Type 
	Analogue
	Analogue
	Analogue
	Analogue

	No of Wires
	4
	4
	6
	3

	Cost (£)
	£70.19
	£271
	£29.36
	£160


Table 3 showing various types of temperature sensors that use RTD technology. [5] [6] [7] [8]
[bookmark: _Toc31376386]Types of Humidity Sensing Technology’s.
	Types of Humidity sensors
	Pros and Cons

	Capacitive
	Pros: Small size. Low cost. Linear output voltage. Wide range of relative humidity detection 0 - 100% and condensation.  Rugged, withstand 0°C. Low maintenance.  ATM pressure independent. 
 Cons: Sensor and signalling circuit must be in close proximity. 

	Resistive
	Pros: Small in size and low cost. The Sensor and signalling circuit can be places at far apart so suitable for remote locations. Very interchangeable due to no calibration standard.
Cons: Vulnerable to chemical vapours and other contaminants. 

	Thermal Conductivity
	Pros: Very rugged even in high temperature environments. High resolution. Wide measuring range. 
Cons: Expensive. Foreign gasses effect sensor performance.


Table 4 showing various humidity sensing technology’s and the pros and cons.  [9]

[bookmark: _Toc31376387]Humidity Sensors
	  Make
	TR1 SEN-R Temperature and Relative Humidity Sensor
[image: ]
	Measurement Specialties
HTM2500LF
Temperature and Relative Humidity Module
[image: ]
	Lollette 485 Waterproof Temperature and Humidity Sensor
[image: https://www.lollette.com/image/cache/catalog/sensor/Temperature-sensor-800x800.jpg]
	iACS Belimo
22UTH-13 - Outside Humidity, Temperature Sensor

[image: 22UTH-13 - Outside Humidity]

	Operating Voltage
	4.5-15 VDC
	3-10VDC
	12VDC
	15-24V

	Range
	0 -100rH
	0-100%RH
	1 - 99% RH
	0-100%rH

	Accuracy
	+/-2%
	+/- 3%
	± 3%
	±2%

	Current con
	1.5mA
	1mA
	<45mA
	

	Ingress Protection
	IP65
	Not affected by water immersion
	Waterproof
	IP65

	Operating Environment
	0 - 100% rH
-40°C - +60°C
	0 - 100% rH
-40°C - +85°C
	0 - 100% RH
-40 - 80˚C
	0-100rH
-40-60˚C

	Output signal
	0-2.5V 
	1-4V 
	0-5V
	4-20mA

	Signal Type
	Analogue
	Analogue
	Analogue
	Analogue

	No Wires
	4
	4
	6
	4

	Cost
	£400
	£70.19
	£29.36
	£160.80


Table 5 showing various types of humidity sensors that use RTD technology. [10] [11] [7] [12]


[bookmark: _Toc31376388]Types of distance Sensing Technology’s. 
	Types of distance sensors
	Pros and Cons

	Radar
[image: ]
	Pros: Very accurate. Suited to perform in harsh environments. 
Cons: Highly expensive. Requires large power. Susceptible to pitch and roll.    Large in size.

	Ultrasonic
[image: ]
	Pros: Low cost. Low power consumption. Small in size. 
Cons: Small measuring range.

	Laser
[image: ]

	Pros: Extremely accurate. Very light and small in size. Detects substances. Measures 100% straight.
Cons: Expensive. Requires maintenance and calibration. 


[bookmark: _Toc31376389]Table 6 showing various distance sensing technology’s and the pros and cons.  
Wave Hight sensing Methodology
Two 5 metre lengths of plastic tubes will be places vertically and side by side on the mid-section of the vessel with the lowest parts partly submerged to a depth of 2 metres. Tube 1 will have open holes at both ends Tube 2 will have the hole at its lowest point reduced. The water level in Tube 1 will move up and down almost freely with the change in Wave height while the water level in Tube 2 will fill to an average sea level height or the datum level. Two ultrasonic sensors will be used, sensor 1 will be placed at the top of Tube 1 looking down and measuring the freely moving wave heights. Sensor 2 will be place on Tube 2 in the same way as Sensor 1 and it will measure the datum level. From these two measurements the computer program will be able to calculate the wave height with some level of accuracy. 


[bookmark: _Toc31376390]Wave Hight Sensors
	Make
	HC-SR04 DC 5V Ultrasonic Sensor 2-450cm


[image: https://i.ebayimg.com/images/g/fjIAAOSwToZcYn28/s-l1600.jpg]
	Microsonic lcs+340/IU

[image: Ultrasonic sensor microsonic lcs+340/IU]
	Microsonic mic+600/IU/TC


[image: ]
	Balluff
BUS M30E1-XC-60/600-S92K

[image: https://assets.balluff.com/product_detail_1280x1280/48914_02_P_00_00_00.png]

	Operating Voltage
	5VDC
	9-30VDC
	9-30VDC
	9-30VDC

	Current con
	20mA
	100mA
	80mA
	80mA

	Environmental
	
	-20 to 70 °C   IP67
	-25 to 70 °C IP67
	-25 to 70 °C IP67


	Signal Output
	0 to 5 V dc

	4-20 mA/0-10 V

	4-20 mA/0-10 V
	0-10 V/4-20 mA

	Signal Type
	Analogue
	Analogue
	Analogue
	Analogue

	Range
	0.02m-4.50m
	0.35-3.4m
	0.6-6m
	0.6-8m

	No Wires
	4
	5
	5
	5

	Price
	£5.30
	£206
	£247
	£270


Table 7 showing various types of distance sensors that use ultrasonic technology. [13] [14] [15] [16]


[bookmark: _Toc31376391]Types of Wind Sensing Technology’s.
	Types of wind speed sensors
	Pros and Cons

	Rotating Anemometers (cups or a wind-mill) [image: ]
	Pros: Accurate but reading is affected by inertia. Cheap. Low power. Good range of measurement. Meets industry accepted measurement standards Class A.
Cons: Does not reflect turbulence. Rain, snow/freezing and vibration effect the quality of reading. May require maintenance/recalibrated.

	Sonic Anemometers (ultrasonic pulses)
 [image: ]
	Pros: Accurate, not affected by inertia. Able to detect gusts and turbulence. Low maintenance. No moving parts gives longer life cycle. Ice Resistant. Highly reliable.
Cons: Very Expensive. Data collected by this type of sensor, may not be accepted by some industry bodies due to international standards.

	Lidar (Light detection and ranging)

[image: ]

	Pros: Accurate. Can detect wind speed at many different altitudes. Can also detect wind direction. Wide range of wind speed detection.

Cons: Extremely expensive. Large in size.


Table 8 showing various wind speed sensing technology’s and the pros and cons.  


[bookmark: _Toc31376392]Wind Speed sensors
	Make/Model
	Texas Electronics, Inc. TV-4-A Wind Speed Sensor
[image: ]
	Young
RMY-05501
[image: ]
	Lollette
QS-FS Wind Speed Sensor
[image: https://www.lollette.com/image/cache/catalog/sensor/fscgq%20(4)-800x800.JPG]
	JL-FS2

[image: ]

	Operating Voltage
	10-36 VDC
	8-30VDC
	7-24VDC
	9-24VDC

	Power Requirements
	5mA
	40mA
	25mA
	25mA

	Range
	0-100 mph
	0-110mph
	0-101mph
	0-67mph

	Environment
	-40 to 70°C 0-135 MPH (0 to 60 m/s) 0-100%rH
	
(0-224mph)
	0-101mph
	-40℃~80℃
35％～85
Waterproofness

	Signal Output
	4-20 mA 4=0/20=100mph
	4 to 20 mA
	0-5V
	0-5V

	Type
	Anemometer
	Anemometer
	Anemometer
	Anemometer 

	Accuracy
	+/- 2.0 MPH (0.89 m/s)
	±0.3m/s
	±1m/s
	±0.1m/s

	Signal Type
	Analogue
	Analogue
	Analogue
	Analogue

	No Wires
	3
	4
	3
	3

	Price
	£279.99
	£290
	£38.09
	£41.60


Table 9 showing various types of wind speed sensors that use Rotating Anemometers. [17] [18] [19] [20]

[bookmark: _Toc31376393]Types of Wind direction Sensing Technology’s.
	Types of Wind direction sensors
	Pros and Cons

	Ultrasonic 3D Anemometers
[image: ]
	Pros: When paired with GPS can detect wind direction. Low maintenance. Accurate. Detects wind speed. Highly reliable. Not effected by ice or snow. No moving parts.
 Cons: Expensive. 

	Wind Vane
[image: http://www-dev.aprsworld.com/sensors/asrichards/images/d5ch_1263_365px.png]
	Pros: Cheap. Reliable. Small in size. Accurate.
Cons: Require maintenance. Effected by ice/snow. 


Table 10 showing various wind direction sensing technology’s and the pros and cons.  [21]

[bookmark: _Toc31376394]Wind direction sensors
	Make/Model 
	Aanderaa
Wind Direction 3590/3590EX (averaging)
[image: ]
	Lollette QS-FX Wind Direction
[image: https://www.lollette.com/image/cache/catalog/sensor/fxcgq%20(2)-800x800.JPG]
	Reinhardt WRS 485

[image: https://www.reinhardt-testsystem.de/_img/WRS_485.jpg]
	 Kirwan INT30 M Wind direction sensor
[image: INT30 M Wind direction sensor]

	Operating Voltage
	7-14VDC
	7-24VDC
	6–30 VDC
	DC 24V ±25%

	Current Con
	200µA
	25mA
	7mA
	30mA

	Measuring Range
	0-360
	0-360˚
	0 to 360 °
	0-360˚

	Accuracy
	+/-5⁰
	-
	± 5 °
	±2.5°

	Output signal
	Aanderaa SR10
(0-5V or 4-20mA 
	1-5V
	RS232, RS422 or RS485
	DC 0-20mA

	No of Wires
	?
	3
	3
	3

	Cost (£)
	£380.
	£38.09
	$398 Euros
	£430


Table 11 showing various types of wind direction sensors that use wind vane. [22] [23] [24] [25]

[bookmark: _Toc31376395]Types of Sunlight brightness Sensing Technology’s.
	Types of light sensors
	Pros and Cons

	Photo Conductive Sensor or Photo Resistive Device.
	Pros: Low cost. 
Cons: Temperature variation effect output reading and unsuitable for analogue applications.

	Photodiode
	Pros: Wide light detection range. Linear output. Low power consumption. Good sensitivity even at low light. Low noise. Fast detection. 
Cons: High operating voltage. Small active area. Susceptible to noise.

	[bookmark: Phototransistor]Photo Transistor
	Pros: High efficiency. Fast response. Low complexity. Low cost. 
Cons: Poorly performs at high light levels.


Table 12 showing various sun light sensing technology’s and the pros and cons.


[bookmark: _Toc31376396]Sunlight brightness Sensors
	Make
	B+B Sensors LIFUE Light Sensor
[image: ]
	BF5 Sunshine Sensor
[image: ]
	Omni
[image: External Light Level Sensors]

	Licor LI-210R-BL
Photometric Sensor
[image: LI-210R Photometric Sensor detached from removable base]

	Operating Voltage
	12-24VDC
	5-15VDV
	24VDC
	3.8-28VDC

	Type
	Photodiode
	Photodiode
	Photodiode
	Photodiode

	Current Con
	approx. 6 mA
	2mA
	4-20mA
	1mA

	Accuracy
	± 30 %
	±12%
	±5%
	±5%

	Output signal
	0-10 V DC
	0-2000mV
	0-10V
	-2.5 to 5.0 V

	Measuring range
	0-100kLux
	0-200kLux
	10-10000Lux
	0-100KLux

		Operating Temp
	



	-20°C to +75°C 
	-90°C to +90°C
	-10 to +50°C
	−40 °C to 65 °C

	Ingress Protection
	(IP54)
	IP65
	IP65
	IP65

	No of wires/Pins
	3
	5
	3
	3

	Price
	£49.71
	£240
	£51.71
	£1000


Table 13 showing various types of sunlight sensors that use Photodiode technology. [26] [27] [28] [29]
[bookmark: _Toc31376397]Types of GPS Sensing Technology’s.
	Types of GPS Positioning Sensors
	Pros and Cons

	Embedded on PCB board.
	Pros: Cheap. Less power. Better integrated system that is easier for operator to set up and take down.
 Cons: Difficult to replace if faulty.

	External 
	Pros: Easy to replace if faulty.
Cons: Expensive. Consumes more power.


Table 14 showing various sun GPS technology’s and the pros and cons.




[bookmark: _Toc31376398]GPS position sensor
	Make
	Beitian BN-880 GPS
[image: ]
	GY-NEO6MV2 Module with Antenna
[image: ]
	ADAFRUIT INDUSTRIES 746 GPS Module
[image: ]
[image: ]
	Seeed Studio 113020003 GPS Module
[image: ]

	Operating Voltage
	2.8V~6.0V
	3.3-5V
	5V
	2.75 to 3.6V

	Current Con
	50mA@5V
	20mA
	20mA
	40mA

	
	
	
	
	

	Supported Bus interface
	I2C Data
UART Interface
	UART
	I2C
	UART USB DDC SPI

	Positioning Time
	Cold 26sec
Warm 25sec
Hot 3sec
	Cold 30sec
Warm 1sec
	Warm/Cold 34sec

	Cold 29sec
Warm 28sec
Hot 1sec

	Positioning Precision
	2M
	5M
	3M
	5M

		Operating Temp
	



	-40℃ to 85℃
	-40℃ t0 85℃
	
	-40 to 85℃

	Antenna
	Built in
	External
	Built in and ex compatible.
	external

	No of wires
	6
	4
	
	4

	Price
	£20.25
	£12.79
	£30.55
	£17.56


Table 15 showing various types of GPS sensors that use external PCB module technology. [30] [31] [32] [33]












[bookmark: _Toc31376399]Data Logging and Memory.
	Element                                                              
	Range 
	Accuracy
	States
	Bits per sample
	Bytes per sample
	Logging Rate (t)
	No Logging in 7 Days
	Total Bytes over 7 Days

	Temp
	-30°C to +105°C
	1°C
	135
	8
	1
	30min
	336
	336

	Humidity
	0 to 100%
	1%
	100
	8
	1
	30min
	336
	336

	Wave Hight 1
	0.02 to 4.5m
	0.01m
	448
	10
	2
	30min
	336
	672

	Wave Hight 2
	0.02 to 5.5m
	0.01m
	448
	10
	2
	30min
	336
	672

	Wind Speed
	0 to 100mph
	1mph
	100
	8
	1
	30min
	336
	336

	Wind Direction
	0 to 360°C
	1°
	360
	10
	2
	30min
	336
	672

	Sunlight Brightness
	0-100klux
	100lux
	1000
	10
	2
	30min
	336
	672

	GPS Position
	-
	-
	-
	-
	212
	30min
	336
	71232


Table 16 showing the sensors and how much data they will generate over 7 days.
[bookmark: _Toc26118864]

Total Bytes over seven days =74928Bytes or 75Kbytes.
An SD card of memory size 1GB will be more than sufficient to store all the data logged by the system over seven days.

2

 [image: undefined Image 3]
This memory card comes with 32GB and a micro to standard SD size adapter, making it more accessible to systems that do not have micro SD card readers. Prices at £8.99.


Table 17 showing the chosen non-volatile memory technology. [34]
[bookmark: _Toc31376400]PIC Selection.
An appropriate microcontroller was selected base on the following using the Microchip selection tool.
· The amount Pins that are required
· The Analogue and digital Pins required
· The amount of data that is to be stored and RAM required
· The cost of the micro
· The digital coms peripherals

Specification:

	
	Analogue/Digital
	Pins 

	Data and communication

	USB
	Digital
	2

	SD Card
	Digital
	3

	Sensors

	Temperature

	Analogue
	1

	Humidity

	Analogue
	1

	Wave height 1

	Analogue
	2

	Wave height 2

	Analogue
	2

	Wind speed

	Analogue
	1

	Wind direction

	Analogue
	1

	Sunlight brightness

	Analogue (
	1

	GPS

	Digital. TX Transmit (3.3V logic)      UART pic pins (TX/CK)
	1


Table 18 showing A and D pin requirements.
Summery specification
Analogue 11 pins (10 Bit Analogue to Digital Converter).
Digital 6 Pins. 
USB 2 Pins
Serial Peripheral Interface 3 Pins
22 Pins + Power
Program Memory 16 K
Ram 224 bytes
Clock speed 16 MHz


















[bookmark: _Hlk31317862][bookmark: _Hlk31317897]The two chips that Microchip search tool suggested for this project’s specification were boards with 28 pins device is the nearest they are PIC18F24K50 and PIC18F25K50.

[image: product primary image]             [image: product primary image]

[bookmark: _Hlk31317963]Picture 1 Showing the PIC18F24K50.                                           Picture 2 showing the PIC18F25K50.                  
[image: ]
[image: ]

Table 19 showing PIC18F24K50 specifications.			Table 20 showing PIC18F25K50 specification.	
Due to the PIC18F25K50 only being slightly more expensive (£2.38) and having more memory it has been chosen. [35]


[bookmark: _Toc31376401]Case
The specification for the housing of the system is as follows:
· Transportable.
· House battery, PCD and sensors firmly in place.
· Very strong, rugged and corrosion proof.
· Waterproof
· Made of drillable materials at allow for sensor input connectors.
· Lockable

Based on the required specification the Peli Storm case has been chosen to house the Marine Weather station logger system. 
[image: https://peliproducts.co.uk/media/catalog/product/cache/e4d64343b1bc593f1c5348fe05efa4a6/i/m/im2720-01000_9_1.jpg] [image: https://peliproducts.co.uk/media/catalog/product/cache/e4d64343b1bc593f1c5348fe05efa4a6/i/m/im2720-01001_2_1.jpg] 
Features:
· Lightweight HPX resin
· Press & pull latches
· Retractable handle
· Rubber over moulded handles
· Rubber 'O-ring' seal
· Wheels
· Waterproof, Crushproof, Dustproof


Priced: £286.87



Picture 3 showing the chosen case that will house the system. [34]


[bookmark: _Toc31376402]Cables and Connectors

	Manufacture
Model
	Lemo 
L Series . [35]
[image: Image result for Lemo L series]

	Lemo 
E Series [36]
[image: Image result for Lemo E series]
	CNLINKO YA-20-J09PE-03-001 [37]

[image: http://www.linko-connector.com/photo/pl20842375-9_pin_waterproof_data_connector_speaker_terminal_outdoor_electrical_socket_1_4_bayonet_connect.jpg]
	M12 Sensor Connector [38] [38]
[image: ]
[image: aeProduct.getSubject()]

	Environment
	Outdoor/Harsh-Environment
	Outdoor/Harsh-Environment
	Outdoor Waterproof
	Outdoor Waterproof

	Contacts Pins
	2-20
	2-12
	2-12
	3,4,5,8,12

	Gold plated
	Yes
	Yes
	Yes
	No

	Connector Type
	Self-Latching Push Pull
	Self-Latching Push Pull
	Bayonet Connect

	Screw

	Colour coded
	Yes
	Yes
	No
	No

	Temp range
	-55°C to 200°C
	-55°C to 200°C
	-40-80°C
	-

	Ingress Protection
	IP66/68
	IP66/68
	IP67
	IP67

	Cost
	£25 to £50
	£25 to £50
	£4 - £9
	Connector Cable
£1.20 - £3.97
Back mount
£0.74 - £3.53


Table 21 showing various signal cable and connector types 


[bookmark: _Toc31376403]Battery
The system requires a rechargeable battery. The battery will be housed in the case with the PCB board. 
	
	Lead Acid
	Lithium Ion
	Nickel Metal Hydride (NiMH)

	Pros
	Low Cost
Common 12V range
	Light weight
High Power density 150WHrs/kg
Low self-discharge 5%/month

	Thermally Stable
Medium Power density 70 WHrs/kg

	Cons
	Low power density 25WHrs/kg


	High Cost
	High self-discharge 20%/month


Table 22 showing pros and cons of different battery technologies. [36]




	Sensor
	Current (mA)

	Temperature
	1

	Humidity
	1

	Wave Hight 1
	20

	Wave Hight 2
	20

	Wind Speed
	25

	Wind Direction
	25

	Sunlight Brightness
	6

	GPS Position
	50

	Total
	148


Table 23 showing current of each sensor.
The sensors in the design have a combined total current requirement of 148mA if they all operating at the same time. The system is required to log weather data over seven days (168Hours). If the system runs continually it would require a minimum battery of 148mA x 168Hrs that would work out at 12volt battery with 25AHrs or more capacity just for the sensors. 



This system will not run continuously, it will take one set of readings from all the sensors every 30 mins. Between the times that the system is required to take reading it will be switched on for a 5-minute periods via a Programable Timer Switch. The 5-minute periods give enough time for the system to boot up as well as for sensors such as GPS to acquire satellites and the system generally warm up. The systems software with be written to take a set of reading from all the sensors and store the results in the SD card memory every time the system is switch on. After a delay to give the sensors in the system time to work.
[image: ]
Picture 4 showing programable timer switch. [36]
 
[image: ]
Diagram 2 showing how the programable timer switch sits between the battery and weather logger.
If the system is being switch on for 5 min periods every 30 mins then the battery is being used for 28 Hours over 7 days.

The battery will be required to power the sensors that require a total of 148mA for 28Hrs this will require a 4.144Ahr 12Volt battery as a minimum. To make sure not to higher current is being draw that may damage the battery and to factor in other devices such as the PIC and PCB components the battery is doubled to a 16Ahr 12V battery. By selecting a battery 3-4 times the minimum size it will cover the battery’s drop-in capacity when operating in cold conditions. A deep cycle leisure battery made lithium technology will be best suited.

[image: https://images.tayna.com/prod-images/1200/Relion/Relion-RBGT16.jpg]
Picture 5 the battery chosen to power the system. 
[37]   

[image: https://images.tayna.com/prod-images/1200/Leoch/RCGT12-4.jpg]

Picture 6 charger for the battery. [44]


[bookmark: _Toc31376404]Circuit Design
The circuit was first drawn on Proteus. All files are attached. 
[image: ]
Diagram 3 showing a schematic circuit diagram of the Marine Weather Station drawn on Proteus.


[bookmark: _Toc31376405]








Easy PC design and Build
The schematic was drawn on EasyPC then transferred to the PCB design stage. All files are attached.
[image: ]
Diagram 4 showing the exact component that the system will have.

[image: ]
Diagram 5 showing the top layor of the PCB.
[image: ]
Diagram 6 showing a 3D rendered image of the top layer of the PCB design.
[image: ]
Diagram 7 showing a 3D rendered imaagee the bottom layer of the PCB board.
[bookmark: _Toc31376406]

PCB Costing
The circuit that has been designed on EasyPC is a two layers board the top layer houses components, positive power (12, 5V) and the signal connections. The bottom layer houses 2 separated ground (0V) copper pours areas. One ground for the power supply and another for the signals. The size of the board is Size 10cm wide by 12cm high by 1.6mm wide. Priced at £5.94.

[image: ]
Diagram 8 showing the PCB manufacturing specifercation quote from JLCPCB.com.
[bookmark: _Toc31376407]

Costing
	Item No
	Part 
	Supplier/Stock N°
	Manufacture/ Stock N°
	Qty
	Unit cost (£)
	Total (£)

	1
	Temp & Humidity Sensor
	RS 
893-7373
	TE Connectivity HPP809A031
	1
	58.49
	58.49

	2
	Distance Sensor
	Ebay 192835116332
	ToysLoveit 
	2
	6.47
	12.94

	3
	Wind Speed Sensor
	DFRobot SEN0170
	DFRobot SEN0170
	1
	41.60
	41.60

	4
	Wind direction Sensor
	Lollette qs-fx01
	Lollette qs-fx01
	1
	39.09
	38.09

	5
	Sunlight Sensor
	Rapid 64-3535
	B+B 2050001588197
	1
	49.71
	49.71

	6
	GPS Sensor
	Flux Workshop
	GY-NEO6MV2
BIAA100191
	1
	12.79
	12.79

	7
	Micro SD card
	Argos
	
	
	
	

	8
	Microcontroller
PIC18F25K50
	Farnell 2305832
	MICROCHIP PIC18F25K50-I/SP
	1
	2.38
	2.38

	9
	System Enclosure 
	Peli Products IM2720 
	Peli Products IM2720

	1
	286.87
	286.87

	10
	Sensor Connector Male 4 Pin
	Aliexpress

	-
	6
	1.20
	7.20

	11
	Connector female panel back mount 4 Pin
	Aliexpress

	-
	6
	0.74
	4.44

	12
	Timer switch
	Aliexpress

	EARU THC15A
	1
	5.70
	5.70

	13
	Battery
	Tanya 
	Relion RBGT-16
	1
	158.99
	158.99

	14
	Battery Charger
	Tanya
	Leoch
	1
	39.99
	39.99

	15
	Micro SDHC Memory Card 
	Argos 338/6312
	SanDisk 619659069261
	1
	8.99
	8.99

	16
	PCB Board
	JLCPCB
	-
	1
	5.94
	5.94

	17
	Resistor 10Kx2
	RS 707-8300 10PK
	RS PRO
	1
	1.27
	1.27

	18
	Resistor 1Kx1
	RS 707-8669 10PK
	RS PRO
	1
	1.08
	1.08

	19
	Resistor 10Rx9
	RS 707-8782
10PK

	RS PRO
	1
	1.05
	1.05

	20
	Capacitor 100nF 
	RS 862-4146
	Nichicon UVY1H0R1MDD
	12
	0.20
	2.40

	21
	Capacitor 10uF x1
	RS 711-1425
	RS PRO 
	1
	0.034 (Pack of 10)
	3.40

	22
	Capacitor 22uF x1
	RS 526-1654
	Panasonic EEUFM1H220
	1
	1.04
	1.04

	23
	Capacitor 100uF x1
	RS 867-6747
	Panasonic
EEUTA1V101
	1
	0.77 (Pack of 5)
	2.45

	24
	Zener IN751A x 9
	RS 687-5475
	Taiwan Semiconductor 1N4751A R0
	9
	0.042 (Pack of 50)
	2.10

	25
	Voltage Reg 7805
	RS 298-8508
	STMicroelectronics L7805ACV
	1
	2.42
	2.42

	26
	USB
	RS 909-4401
	HARWIN M701-330442
	1
	(5 Per Pack)
	3.09

	27
	Micro SD
	RS 707-9520
	Hirose DM3AT-SF-PEJM5(40)
	1
	2.38
	2.38

	28
	Wire Lead solder
	RS PRO 800-7661
	
	1
	12.38
	12.38

	Total 
	769.18


Table 24 showing each indervidual component costing that make up the system and the price.



[bookmark: _Toc31376408]Future Enhancements to the design

The design of the Marine Weather Station logger could be improved by the following:
· Solar Power. This system takes measurements over long time periods it requires a large battery to power the system and sensors. By using a solar PV panel to produce power the system could last for extended periods and the size of the battery and system could be reduced. 
· Reading. The weather station takes reading every 30 minutes, but if it took reading every 5 minutes the data would generate more data and would be more up to date.
· Sensors. The choice of sensors for this system have been heavily based on their low cost due to the system target market being aimed at the armature weather logger. By using higher quality sensors higher accuracy reading could be collected. Also, the longevity of the system could have been improved and lees need for maintenance.
· Parameters. By widening the design features of the system to measure more weather parameters such as air pressure and rain fall the system would have more features.
· Components. The components could be chosen with higher tolerances. Changing from 5% to 1% tolerances would increase accuracy for sensors such as light sensors that has a wide resolution.
· LEDs. Using LEDs to indicate what parts of the circuit are working helps when setting the up. Also, groups of LEDS can be used to indicate faults or fault codes. This would save time in fault diagnostics. 
· Data communication. By adding a Wi-Fi or Bluetooth data could be extracted from the system remotely. The systems settings could be changed remotely.
[bookmark: _GoBack]
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‘Wind spotting: A prototype of a new laser-based LIDAR system, shown here, can horizontally project three invisible laser beams up to 300 meters n front of awind turbine. Small particles in the wind are detected as they cross the beams.
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microcomputer processor, the current generator, electric current and so on are integrated in the internal drive.

The materials of sensor shell and wind cup is the aluminium alloy which use the special mold precision casting technology,the size of the tolerance is very small, the precision of the surface is
very high,and internal circuit has been protection processing,the sensor has high strength, weather resistance, corrosion resistance and waterproof.

The plug of the cable is a military plug,it has a good anticorrosive and prevent erosion performance that it can ensure the instrument used for a long time,at the same time, In the case of
using relevant specifications which ensure the accuracy of the wind speed acquisition.

The material of the circuit pcb is the military grade A which ensure the stability of the parameters and the quality of the electrical properties; Electronic components are all imported industrial
. chip which makes overall has extremely reliable electromagnetic interference resistance, and can ensure that the host can work normally in - 20 °C ~ + 50 °C, humidity 35% ~ 85%
(condensation).
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