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[bookmark: _Toc124764491]1.0 Abstract

This concise written report research weather measuring systems, investigates how the data is logged and how they operate. This information is then used to design a microcontroller-based system, different sensors and transducers are explored to capture different types of weather and air quality data.
The system will be designed using software such as Proteus and Easy PC will be battery powered, portable, adaptable and robust enough to withstand the harsh environment where it will be installed. It will also have the capability to interrelate with a PC through USB to download the acquired data for analysing.  
Word Count: 2964 (tables do not count towards the final word count)


[bookmark: _Toc124764492]2.0 Introduction

[bookmark: _Toc124764493]2.1 Research

“A weather station is a collection of instruments that measure atmospheric conditions to help study the weather and climate of a specific location. Most weather stations will measure temperature, humidity, barometric pressure, wind speed and direction, and rainfall”. [2]
“Personal weather stations are nowhere near as complex and don’t have the degree of accuracy that official weather stations do. However, more expensive models are capable enough to be used in research applications. Most will report on temperature, humidity, barometric pressure, wind speed and direction, and rainfall.
Some stations offer additional sensors that are useful for specific applications. Lightning and UV/light sensors might be helpful for those who participate in outdoor activities frequently, and soil moisture and leaf moisture sensors are useful for gardeners and farmers”. [2]
“A weather station can help you prepare for the weather ahead and offer localized and sometimes more accurate reports than a weather app that may be receiving data from a station that is miles away from your location. We’ve listed some of the potential reasons why a weather station may be useful below.
· Use it to learn more about the weather and climate where you live.
· You live in a remote area without an official weather station nearby.
· You’re a gardener or farmer and need to know when to plant and harvest.
· You can trigger smart home devices with the data.
· If your business is weather-dependent, you can optimize your business to operate more efficiently according to the observed weather conditions”. [2]



[bookmark: _Toc124764494]2.1.1 Types of Sensors used on Weather Stations
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[bookmark: _Toc124764541]Figure 1 Examples of sensors used
[2]
[bookmark: _Toc124764495]2.1.1.1 Thermometer

“A thermometer measures the temperature of the air around the station. Most weather stations have two thermometers, one inside the display console to record indoor temperature, and one in the sensor housing for outdoor temperature, as shown in the picture above”.[2]

[bookmark: _Toc124764496]2.1.1.2 Hygrometer

“A hygrometer measures the amount of moisture in the air, known as humidity. Again, most weather stations will also have two of these, one in the display console and the other in the sensor housing”.[2]

[bookmark: _Toc124764497]2.1.1.3 Anemometer

“A anemometer measures wind speed. There are two methods most commonly used. One measures wind through rotations of a cupped apparatus on the sensor housing, another that uses sonic technology to measure wind passing through an opening in the instrument itself”.[2]



[bookmark: _Toc124764498]2.1.1.4 Wind Vane

“A wind vane measures the direction of winds. The vane points in the direction the wind is blowing from. Sonic anemometers can also detect the direction of wind using the same concepts it does to measure wind speed”. [2]

[bookmark: _Toc124764499]2.1.1.5 Barometer

“The barometer measures atmospheric pressure and is a crucial forecasting tool. It is typically located within the console or a recording device inside the home. Downward pressure changes usually indicate stormier weather, while rising pressure precedes improving weather conditions”.[2]

[bookmark: _Toc124764500]2.1.1.6 Rain Gauge

“The rain gauge measures how much rain has fallen. The most common method is a tipping bucket gauge. This gauge uses a funnel that collects rainfall, which empties onto small buckets that tip back and forth once a specific weight of water is obtained, typically equivalent to 0.01 inches. Ultra-modern weather stations are now employing other technologies, including haptics, to detect precipitation more precisely. However, analogue rain gauges are still more precise”. [2]

[bookmark: _Toc124764501]2.1.1.7 UV and Solar Radiation Sensor

“The UV and solar radiation sensors measure ultraviolet radiation and solar radiation and are useful for outdoor activities and applications like smart homes”.[2]

[bookmark: _Toc124764502]2.1.1.8 Lightening Detector

“A lightning detector can sense lightning within about 25 miles of your location. Some are also capable of calculating the direction of the storm’s movement, although that’s less common”.[2]

[bookmark: _Toc124764503]2.1.1.9 Leaf Wetness Detector

“The leaf wetness sensor approximates the amount of surface moisture on foliage, aiding in gardening and farming”.[2]
[bookmark: _Toc124764504]2.1.1.10 Soil Moisture Sensor

“A soil moisture sensor detects the amount of available moisture in the soil. Some can also record soil temperature. These sensors are necessary for irrigation decisions for successful farming and gardening.[2]

[bookmark: _Toc124764505]2.1.1.11 Air Quality Sensor
With many consumers increasingly concerned about pollution, some weather station manufacturers now include the option to add air quality sensors to higher-end models to measure particulate matter”.[2]

[bookmark: _Toc124764506]2.1.2 Applications of Weather Stations

The data recorded from a weather station can be used in a wide variety of different applications such as, Airports, Education, Industry, Agriculture, Research and weather enthusiasts. 
Each area may require different sensors to the next and value different data differently. For example, an airport would use wind data much more than agriculture where that area would need soil moisture higher up its requirements.   





[bookmark: _Toc124764507]2.1.3 Weather logging systems on the Market

Table 1 shows some of the types of weather logging systems on the market and indicates what they offer in terms of data they can acquire.

	
	Spectrum Watchdog 2550
	HOBO Cellular Weather Station
	Bresser Weather Station
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	Measurements
	- Wind Speed
- Wind Direction
- Dew Point
- Air Temperature
- Humidity
- Soil Moisture
- UV Levels
- Leaf Wetness
	- Temperature
- Wind Speed
- Wind Direction
- Barometric Pressure
- Solar Radiation
- Rain Gauge
	- Temperature
- Humidity
- Precipitation
- Wind Speed
- Wind Direction

	Cost
	£1194
	£5152
	£110


[bookmark: _Toc124764581]Table 1 Weather stations on the market









[bookmark: _Toc124764508]3.0 Sensor Selection

There were nine different areas chosen to acquire data from. This section selects the sensors for this.

[bookmark: _Toc124764509]3.1 Temperature

	
	Thermocouple
	RTD
	Thermistor

	[bookmark: _Hlk121056225]Advantages
	-Inexpensive

-Needs careful design

-Wide Temperature ranges

-Accurate

-Quick response
Solidly constructed

	-More linear than thermocouple

-Accurate

-Stable
	-Inexpensive

-Simple to use

-Low power

-Sensitive

-Quick response

	Disadvantages
	-Needs amplification of output

-Non-linear

-Susceptible to interference
	-Expensive

-Self-Heating

-Current source required
	-Non-linear


[bookmark: _Toc124764582]Table 2 Ways of measuring temperature
Out of the three different ways to measure air temperature the Thermistor was chosen due to it being simple to use, inexpensive and sensitive. It also had the least amount of disadvantages and after researching weather stations it seems that the thermistor was used most frequently.






	
	Carel PT100
	TITEC AUTF/MUV-D
	HTM2500LF
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	[bookmark: _Hlk124438606]Operating Range °C
	-50 to +250
	-50 to +100
	-40 to +80

	Sensor Type
	PT100 Class B 3 wire
	PT1000 Class B 3 wire
	NTC

	Precision
	+/- class B=(0.005xt)+0.3, a 100°C = ±0.8°C
	+/- 0,2 °K +/- 1,0% full scale (after 60 min)
	+/- 1,0%

	IP Rating
	IP65
	IP65
	IP65

	Housing Material
	AISI 316 Stainless Steel
	Plastic
	Stainless Steel

	Signal Output
	80to220Ω
	4to20mA / 0to10V / 50to500Ω
	4to20mA / 0to10V / 5VDC

	Power Supply
	12 to 24VDC
	12 to 34VDC
	5VDC

	Power Consumption
	n/a
	44mA
	1mA

	Cost
	£13.12
	£64.35
	£172.72


[bookmark: _Toc124764583]Table 3 Thermistor Sensors
The HTM2500LF was chosen to measure the air temperature due to its IP rating, being constructed of stainless steel which will be advantageous due to it being out in the elements.
It is also a humidity sensor so will save space and create less connections.
This sensor will be placed under a sheet of plastic so that it is in the shade to gain an accurate temperature without the sun heating it falsely which would give a higher reading. 








[bookmark: _Toc124764510]3.2 Humidity

	
	Capacitive
	Resistive
	Hygrometer
	Thermal

	Advantages
	-Low maintenance

-Flexibility

-Can operate in sub-zero temperatures
	-Calibration not required

-Diminutive size

-Inexpensive

	-Low Cost

-Can withstand 
contamination

-Uncomplicated make-up
	-Durable

-Large resolution

-Operate in high temperatures


	Disadvantages
	-Moisture sensitive

-Not stable
	-Sensitive to contaminants
	- Must be kept clean

-Sensitive to rapid changes in humidity


	-Readings susceptible to interference


[bookmark: _Toc124764584]Table 4 Types of humidity sensor
There were a number of ways to measure humidity as shown in table four, the hygrometer was chosen due to it being low cost robust and was  the main choice when researching weather stations previously.

	
	HYT 271
	HTM2500LF
	HPP805A031
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	Operating Range °C
	-40 to +125
	-40 to +80
	-40 to +60

	Precision
	+/- 1,0%
	+/- 1,0%
	+/- 5,0%

	IP Rating
	n/a
	IP65
	IP65

	Housing Material
	n/a
	Stainless Steel
	Polymer

	Signal Output
	I2C
	4to20mA / 0to10V / 5VDC
	1 to 3.6 VDC

	Operating Voltage
	2.7V to 5.5V
	12VDC
	5VDC

	Power Consumption
	22µA
	1mA
	2mA

	Cost
	£34.97
	£172.72
	£55.46


[bookmark: _Toc124764585]Table 5 Different types of hygrometer sensors
The HTM2500LF was chosen to measure humidity due to its good IP rating, being constructed of stainless steel which will be advantageous due to it being out in the elements.
As mentioned earlier it is also a temperature sensor so will save space and create less connections.
It will be placed under the sheet of plastic to gain an accurate temperature reading as previously mentioned but also so that no direct rain water falls on it. This would give false humidity reading if it was to get wet.

[bookmark: _Toc124764511]3.3 Wind Speed

	
	Ultrasonic
	Hall Effect
	Reflective

	Advantages
	-Accurate

-Reliable

-No moving parts

-No maintenance
	-Inexpensive

-Reliable

-No Maintenance

-Robust

-Unaffected by vibration, Dust or moisture	
	-Reliable



	Disadvantages
	-Expensive

-Sensitive to temperature variations
	-Limited max sensing distance

-Susceptible to interference from other magnetic fields

	-Expensive

-Large housing

-Need to keep clean




[bookmark: _Toc124764586]Table 6 Ways to measure wind speed

The reflective wind speed sensor was chosen from table 6 due to it being the most common one used with other weather stations researched.



	
	PCE-WS A
	RS-FS
	Pro D
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	Input Voltage
	12 – 30 VDC
	10-30VDC
	12VDC

	Output
	4….20mA
	RS485/0-5V/0-10V/4-20mA
	0…100Hz at 100.6m/s

	Current
	20mA
	80mA
	20mA

	Measuring range
	0.8m/s ….50m/s
	0-60m/s
	1-67m/s

	IP Rating
	IP65
	IP65
	IP65

	Material
	Plastic
	Aluminium Alloy 
	Polycarbonate

	Starting wind speed
	2.2mph
	≤0.5s
	0.1m/s

	Dimension
	190 cm x 51cm
	260mm x 240mm x 130mm
	470mm x 191mm x 121mm

	Operating Temp °C
	-40 to 75
	-40 to 60
	-40 to 60

	Cost
	£144
	£23.70
	£225


[bookmark: _Toc124764587]Table 7 Wind speed sensors

The Pro D sensor was chosen from table 7 this is also a combined wind direction sensor so will take up less space and have less connections.
This will be placed at the highest point of the mounting frame so it will have no objects close by that could alter the wind flow to it.









[bookmark: _Toc124764512]3.4 Wind Direction

	
	RS-FXJT
	Pro D
	AV-WSD-10
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	Input Voltage
	10-30 or 5VDC
	12VDC
	24VAC or DC

	Output
	RS485/0-5V/0-10V/4-20mA
	0…100Hz at 100.6m/s
	0 to 5VDC or 0 to 10VDC

	Current
	n/a
	20mA
	30mA

	Resolution
	8/16 directions or 0-360°
	0 to 360°
	0 to 360°

	IP Rating
	IP65
	IP65
	IP65

	Material
	Polycarbonate
	Polycarbonate
	Aluminium

	Min wind speed
	≤0.5s
	0.1m/s
	0.5m/s

	Dimension
	260mm x 240mm x 130mm
	470mm x 191mm x 121mm
	n/a

	Cost
	£25.20
	£225
	£707


[bookmark: _Toc124764588]Table 8 Wind direction sensor
The Pro D sensor was chosen from table 8 this is also a combined wind speed sensor so will take up less space and have less connections.
Again this would be placed at the highest point on the mounting frame so no objects close by would be able to influence wind flow.









[bookmark: _Toc124764513]3.5 Air Borne Particle Count

	
	IsoAir Pro plus
	Aerotrak 7510-A2FV
	PM 3006S

	
	[image: ][11]
	[image: ][12]
	[image: ][13]

	Input Voltage
	24VDC
	24VDC
	5VDC

	Output
	4-20mA
	4-20mA
	Analogue

	Current
	n/a
	70mA
	25mA

	Measurement Range
	0.3 - 25.0 µm
	0.75 μm
	0-30000 µg/m3

	Operating Temp °C
	n/a
	+10 to +40
	-30 to +70

	Accuracy
	+/- 5,0%
	+/- 5,0%
	+/- 10,0%

	Cost
	n/a
	£389
	£49.38


[bookmark: _Toc124764589]Table 9 Air borne particle sensors

The PM 3006S was chosen from table 9 to measure air borne particles.
This sensor due to its IP rating would be mounted inside the enclosure with a hole on the side so airflow would be able to flow so a reading could be taken.












[bookmark: _Toc124764514]3.6 Sunlight Brightness

	
	SE-100-SS
	VEML7700
	NORPS-12
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	Input Voltage
	5 to 24VDC
	2.5 to 3.6VDC
	Max 250V

	Output
	Analogue
	I2C
	Analogue

	Current
	10µA
	0.5µA
	n/a

	Measurement Range
	0 to 5000 Lux
	0 to 167000 Lux
	5.4 to 12.6KΩ

	Operating Temp °C
	-40 to 70
	-25 to +85
	-60 to +75

	No. of Pins
	3
	4
	2

	Field of view 
	180°
	n/a
	180°

	Dimensions
	30.5mm x 37mm
	6.8mm x2.35mm x3mm
	38mm x 10mm

	Cost
	£359.02
	£1.69
	£3.47


[bookmark: _Toc124764590]Table 10 Sunlight brightness sensors

The SE-100-SS sensor was chosen from table 10 to measure sunlight brightness.

This sensor would be mounted on top of the enclosure free from any shade. 








[bookmark: _Toc124764515]3.7 UV Levels

	
	GY-8511
	9537 UV Sensor
	UV1-U

	
	[image: ][15]
	[image: ][16]
	[image: ][17]

	Input Voltage
	5V
	3.5-5V
	5VDC

	Operating Temp °C
	-20 to 70
	
	0 to 60

	Max sensitivity wavelength
	365nm
	370nm
	280nm

	Sensitivity region
	UV-A and UV-B
	n/a
	UV-A and UV-B

	Output
	Analogue
	Analogue
	Analogue

	Current
	300mA
	n/a
	40mA

	No. of Pins
	5
	3
	3

	Dimensions
	13mm x 11mm x 2mm
	22mm x 16mm
	65mm x 21.1mm

	Waterproof
	No
	No
	Yes

	Weight
	5g
	
	150g

	Cost
	£6.09
	£6.45
	£147.80


[bookmark: _Toc124764591]Table 11 UV Level sensors

The UV1-U sensor was chosen from table 11 to measure UV levels.
This sensor will be mounted through a hole in top of the enclosure with no shade from sunlight.








[bookmark: _Toc124764516]3.8 GPS Position

	
	SparqEE GPSv1.0
	Garmin 16X GPS Sensor
	Garmin 18X GPS Sensor
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	Input Voltage
	2.5-6VDC
	3.3-6VDC
	4-5.5VDC

	Output Voltage
	3.3-5VDC
	3.3-6VDC
	4-5.5VDC

	Current
	
	30mA
	90mA

	Operating Temp °C
	-40 to 85
	-30 to 80
	-30 to 80

	Size
	23mm x 40mm
	91mm x 42mm
	61mm x 19.5mm

	Weight
	5.67g
	169g
	160g

	No. of Pins
	5
	5
	6

	Waterproof
	No
	Yes
	Yes IPX7

	Cost
	£23.94
	£127.36
	£98.84


[bookmark: _Toc124764592]Table 12 GPS Sensors

The Garmin 16X GPS sensor was chosen to track the GPS of the weather station.
The GPS will be mounted on the side of the enclosure.











[bookmark: _Toc124764517]3.9 Volatile Organic Compound

	
	Series 900
	T-ION-TVOC
	WS16
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	Input Voltage
	21VDC
	8-35VDC
	5VDC

	Output
	4-20mA/ RS485 digital output
	Analogue
	Analogue

	Current
	150mA
	65mA
	15mA

	Accuracy
	<±0.5ppm + 10%
	(0-10 and 0-100 ppm)  +/- 2%; (100-1000 ppm) +/- 5%
	CO (~1 1000 ppm), ammonia (~1 500 ppm), Ethanol (~10 500 ppm), H2 (~1-1000 ppm), and Methane/Propane/Iso-Butane (~1,000+ + ppm)

	Measurement range
	1500ppm
	1000ppm
	2000ppm

	Cost
	£410
	£550
	£6.72


[bookmark: _Toc124764593]Table 13 VOC Sensors

The WS16 sensor was chosen from table 13 to measure Volatile organic compounds.
This sensor will be mounted inside the enclosure on the side with a hole so that a reading can be taken with air flow.








[bookmark: _Toc124764518]4.0 Selection of Microcontroller

The microcontroller will need to meet the information shown in table 14 as a minimum.

	Name
	Type of signal
	Pins required
	Sample rate (m)
	Bits

	Temperature
	Analogue
	1
	60
	10

	Humidity
	Analogue
	1
	60
	10

	Wind Speed
	Analogue
	1
	60
	10

	Wind Direction
	Analogue
	1
	60
	10

	Sun Brightness
	Analogue
	1
	60
	10

	UV Levels
	Analogue
	1
	60
	10

	VOC
	Analogue
	1
	720
	10

	Air Borne Particle
	Analogue
	1
	720
	10

	GPS
	Analogue
	1
	60
	10

	USB
	Digital (D+/D-)
	4
	
	

	SD Card
	Digital
	3
	
	

	Start Button
	Digital
	1
	
	

	Green LED
	Digital
	1
	
	


[bookmark: _Toc124764594]Table 14 Requirements of the microcontroller

A minimum of eighteen pins are required for the weather station so a 28 pin microcontroller will be chosen so that there is room for expansion in the future.
The requirements were entered into the selection tool online shown in figure 2.
[image: ][3]
[bookmark: _Toc124764542]Figure 2 Microchip.com online selection tool
The PIC18F24K50 microprocessor was chosen because of its low power consumption, having 16KB of memory for addressable programming, 2048 bytes of data memory, 25 I/O pins, 14 channels of 10 bit analogue to digital converter and maximum frequency of 48MHz.




[bookmark: _Toc124764519]4.1 PIC18F24K50

[image: ][3]
[bookmark: _Toc124764543]Figure 3 Pin Diagram
[image: ][3]
[bookmark: _Toc124764544]Figure 4 Pin Information 1 of 3
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[bookmark: _Toc124764545]Figure 5 Pin Information 2 of 3
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[bookmark: _Toc124764546]Figure 6 Pin Information 3 of 3


[bookmark: _Toc124764520]4.2 Pin Location of Hardware

	I/O
	PIN
	SENSOR
	TYPE

	RA0
	2
	Temperature
	AN0

	RA1
	3
	Humidity
	AN1

	RA2
	4
	Wind Speed
	AN2

	RA3
	5
	Wind Direction
	AN3

	RA4
	6
	
	 

	RA5
	7
	
	 

	RA6
	10
	
	

	RA7
	9
	
	

	RB0
	21
	SD Card DI
	SDI

	RB1
	22
	SD Card CLK
	SDL

	RB2
	23
	Sun Brightness
	AN8

	RB3
	24
	SD Card DO
	SDO

	RB4
	25
	UV Levels
	AN11

	RB5
	26
	VOC
	AN13

	RB6
	27
	 Air Borne Particle 
	AN14

	RB7
	28
	 Start Button
	Digital

	RC0
	11
	 Green LED
	Digital

	RC1
	12
	
	 

	RC2
	13
	
	

	-
	14
	
	 

	RC4
	15
	USB D-
	D-

	RC5
	16
	USB D+
	D+

	RC6
	17
	VCC
	VCE

	RC7
	18
	GPS
	RX

	RE3
	1
	
	


[bookmark: _Toc124764595]Table 15 Location of Hardware of microchip








[bookmark: _Toc124764521]4.3 Circuit Block Diagram

[image: ]
[bookmark: _Toc124764547]Figure 7 Block diagram of intended circuit









[bookmark: _Toc124764522]4.4 SD Card Selection

Table 16 shows at what intervals the different sensors will record. Table 17 shows the total amount of bytes needed for all the sensors to gather data after 12 hours of recording.

	Time (m)
	 
	 
	 
	 
	 
	 
	 
	 
	

	0
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	VOC
	Air Borne
	GPS

	60
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	120
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	180
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	240
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	300
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	360
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	420
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	480
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	540
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	600
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	660
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	
	
	GPS

	720
	Temp
	Hum
	Wind Speed
	Wind Dir
	Sun Bright
	UV Levels
	VOC
	Air Borne
	GPS


[bookmark: _Toc124764596]Table 16 Data logging times










	Sensor
	Bit
	Sample rate (m)
	Bytes / hour
	Bytes / 12 hours

	Temperature
	10
	60
	2
	24

	Humidity
	10
	60
	2
	24

	Wind Speed
	10
	60
	2
	24

	Wind Direction
	10
	60
	2
	24

	Sun Brightness
	10
	60
	2
	24

	UV Levels
	10
	60
	2
	24

	VOC
	10
	720
	n/a
	2

	Air Borne
	10
	720
	n/a
	2

	GPS
	10
	60
	2
	24

	
	
	Total
	14
	172


[bookmark: _Toc124764597]Table 17 Number of Bytes required
172 bytes required per record and the logger is required to run for a minimum of 14 days.
Therefore:  Bytes / 14 days.
[image: ]
[bookmark: _Toc124764548]Figure 8 2GB SD Card
   
The SD card will have serial peripheral interface (SPI) so that it can communicate with the microprocessor. The one chosen is a 2GB shown in figure 8.
 





[bookmark: _Toc124764523]4.5 Software Structure Block Diagram

[image: ]
[bookmark: _Toc124764549]Figure 9 Software structure block diagram


[bookmark: _Toc124764524]5.0 Proteus Design
This program was used to design and test the weather station circuit for each sensor. 
[bookmark: _Toc124764525]5.1 Individual Circuits

[image: ]
[bookmark: _Toc124764550]Figure 10 Voltage regulator
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[bookmark: _Toc124764551]Figure 11 USB and SD Card
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[bookmark: _Toc124764552]Figure 12 LED and Start Button
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[bookmark: _Toc124764553]Figure 13 Sensor Circuits
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[bookmark: _Toc124764554]Figure 14 GPS
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[bookmark: _Toc124764555]Figure 15 PIC18F24K50
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[bookmark: _Toc124764556]Figure 16 LED Timing Circuit










[bookmark: _Toc124764526]5.2 Completed Circuit Diagram
[image: ]
6.0 Easy PC Design
This program was then used to create the circuit schematics, these then were transferred to the PCB maker as shown in the following figures.
[bookmark: _Toc124764527]6.1 Individual Circuits

[image: ]
[bookmark: _Toc124764557]Figure 17 Schematic of the PIC
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[bookmark: _Toc124764558]Figure 18 Schematic of the SD Card
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[bookmark: _Toc124764559]Figure 19 Schematic of GPS
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[bookmark: _Toc124764560]Figure 20 Schematic of USB
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[bookmark: _Toc124764561]Figure 21 LED timing schematic
[image: ]
[bookmark: _Toc124764562]Figure 22 LED schematic
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[bookmark: _Toc124764563]Figure 23 Start button schematic
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[bookmark: _Toc124764564]Figure 24 Temperature Schematic
[image: ]
[bookmark: _Toc124764565]Figure 25 Humidity schematic
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[bookmark: _Toc124764566]Figure 26 Wind speed schematic
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[bookmark: _Toc124764567]Figure 27 Wind direction schematic
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[bookmark: _Toc124764568]Figure 28 Sun Brightness schematic
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[bookmark: _Toc124764569]Figure 29 UV levels schematics
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[bookmark: _Toc124764570]Figure 30 Volatile organic compound schematic



[image: ]
[bookmark: _Toc124764571]Figure 31 Air borne particle schematic






















[bookmark: _Toc124764528]6.2 Completed Schematic
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[bookmark: _Toc124764572]Figure 32 Completed schematic




[bookmark: _Toc124764529]6.3 PCB Layers

The schematic was transferred to PCB within the Easy PC software the borad was then constructed as shown in figure 32.

[image: ]
[bookmark: _Toc124764573]Figure 33 View of all layers of PCB

[image: ]
[bookmark: _Toc124764574]Figure 34 Front of PCB

[image: ]
[bookmark: _Toc124764575]Figure 35 Back of PCB

[image: ]
[bookmark: _Toc124764576]Figure 36 3D view of completed PCB



[bookmark: _Toc124764530]6.4 Design Check

Once the PCB was completed a design check rule was carried out this identified 83 errors. These had to be rectified before the circuit could be manufactured. Figure 36 shows the report with all errors rectified.

[image: ]
[bookmark: _Toc124764577]Figure 37 Design rule check


[bookmark: _Toc124764531]6.5 PCB manufacture

For the manufacture of the PCB a compressed folder of the plots was created, this was uploaded to the JLC PCB website shown in figure 37 to create a quote. 


[image: ]
[bookmark: _Toc124764578]Figure 38 PCB Quote







[bookmark: _Toc124764532]7.0 Selection of Hardware

[bookmark: _Toc124764533]7.1 Battery

	Sensors
	Maximum output current
	Quantity
	Total

	[bookmark: _Hlk124665204]Temperature
	1mA
	1
	1mA

	Humidity
	1mA
	1
	1mA

	Wind Speed
	100mA
	1
	100mA

	Wind Direction
	100mA
	1
	100mA

	Sun Brightness
	25mA
	1
	25mA

	UV Levels
	1mA
	1
	1mA

	VOC
	180mA
	1
	180mA

	Air Borne
	90mA
	1
	90mA

	GPS
	35mA
	1
	35mA

	
	
	Total
	533mA


[bookmark: _Toc124764598]Table 18 Current load of sensors


Where:

 (14 days)

 179.088 Ah

A rechargeable 12V lithium ion battery with 200Ah was selected as shown in figure 39.
[image: ]
[bookmark: _Toc124764579]Figure 39 Battery Selected

	Capacity
	200Ah

	Nominal Voltage
	12V

	Max Discharge Current
	200A

	Max Charging Current
	100A

	Height
	240mm

	Length
	522mm

	Width
	219mm

	Weight
	27.3Kg

	Cost
	£899


[bookmark: _Toc124764599]Table 19 Battery Characteristics


[bookmark: _Toc124764534]7.2 Mounting

	
	Davis Mounting Tripod 7716
	LOWENERGIE Adjustable frame
	ECO Flow

	
	[image: ]
	[image: ]
	[image: ]

	Material
	Galvanised Steel
	Aluminium
	Aluminium

	Size
	Height - 2.1M
	Height – 0.81M
	Height 1.5M

	Weight
	5Kg
	1.38Kg
	25KG

	Cost
	£139
	£29.99
	£3199


[bookmark: _Toc124764600]Table 20 Weather station mounting selection
The mounting tripod selected from table 20 was chosen due to its adjustable legs which would be ideal when placing this portable unit in different locations such as hills or roofs etc. The 2.1M extendable pole would be a benefit for the wind speed and wind direction so they could be placed above objects that could cause turbulent air. It is also manufactured from galvanised steel which would prevent corrosion when out in harsh environments.



[bookmark: _Toc124764535]7.3 Enclosure

[image: ]
[bookmark: _Toc124764580]Figure 40 Enclosure selected

The Schneider NSYP polycarbonate floor standing enclosure was selected due to its ingress protection rating, ample size and flat surfaces on the side and top making it easy to mount the required sensors.




[bookmark: _Toc124764536]7.4 Connectors

	
	Lemo 0T
	RS PRO
	Souriau JMX

	Socket
	[image: ]
	[image: ]
	[image: ]

	Plug
	[image: ]
	[image: ]
	[image: ]

	IP Rating
	IP68
	IP67
	IP50

	Current Rating
	7.0A
	5A
	10A

	Mating Type
	Push-Pull
	Bayonet
	Push-Pull

	Contact Material
	Bronze
	n/a
	Gold plated

	Housing Material
	Brass
	n/a
	Polymer

	Min Op Temp
	-55°C
	-40°C
	-40°C

	Max Op Temp
	+200°C
	+85°C
	+125°C

	Combined Cost
	£72.17
	£22.98
	£39.37


[bookmark: _Toc124764601]Table 21 Connectors selection

The Lemo 0T connectors were selected for the weather station due to them having the highest ingress protection rating of the ones researched. The contact material was constructed of bronze and the housing from brass, this again is a good attribute to prevent corrosion when the unit will be placed in harsh environments outdoors. 








[bookmark: _Toc124764537]8.0 Costing

	Component
	Manufacturer
	Information
	Cost
	QTY
	Total Cost

	Temperature & Humidity Sensor
	RS
	HTM2500LF
	£172.72
	1
	£172.73

	Wind Speed & Direction Sensor
	Logic Energy
	Pro D
	£225
	1
	£225

	Sun Brightness
	Apogee
	SE-100-SS
	£359.02
	1
	£359.02

	UV Level Sensor
	Balluff
	UV1-U
	£147.80
	1
	£147.80

	VOC Sensor
	WQScosea
	WS16
	£6.72
	1
	£6.72

	Air Borne particle sensor
	Cubic
	PM3006S
	£49.38
	1
	£49.38

	GPS Sensor
	Garmin
	16X
	£98.84
	1
	£98.84

	PCB
	JLCPCB
	Standard PCB
	£63.34
	1
	£62.34

	SD Card
	Transcend
	2GB
	£14.06
	1
	£14.06

	Battery
	Renogy
	Lithium Ion
	£899
	1
	£899

	Connector Plugs
	Lemo
	Cable Mount 
	£20.42
	10
	£204.20

	Connector Sockets
	Lemo
	Panel Mount
	£51.75
	10
	£517.50

	Mounting
	Davies
	Tripod
	£139
	1
	£139

	Enclosure
	Schneider
	NSYP 
	£101.09
	1
	£101.09

	Resistor
	RS
	300Ω
	£0.008
	2
	£0.02

	Resistor
	RS
	10kΩ
	£0.007
	1
	£0.01

	Resistor
	RS
	30Ω
	£0.028
	8
	£0.23

	Resistor
	RS
	250
	£0.053
	1
	£0.01

	Microprocessor
	Farnell
	PIC18F24K50
	£2.21
	1
	£2.21

	Capacitor
	RS
	1µF
	£0.069
	5
	£0.35

	Capacitor
	RS
	100µF
	£0.017
	8
	£0.14

	Zener Diode
	RS
	n/a
	£0.025
	8
	£0.20

	LED
	RS
	Green
	£0.20
	1
	£0.20

	Push button
	RS
	IP67
	£12.17
	1
	£12.17

	USB
	RS
	PCB Mount
	£3.08
	1
	£3.08

	Voltage Regulator
	RS
	5V
	£0.79
	1
	£0.79

	X1 Crystal
	RS
	n/a
	£1.59
	1
	£1.59

	Miscellaneous 
	RS
	n/a
	£100
	1
	£100

	
	
	Total
	
	
	£3117.68


[bookmark: _Toc124764602]Table 22 Price list
The overall cost was £3117.68 this was reasonable and sat at mid to high range of the weather stations that were researched. There was £100 miscellaneous added to cover items such as, din rail, crimps, silicon, nuts and bolts, cable ties etc to complete the construction of the station.
[bookmark: _Toc124764538]9.0 Analysis

Overall the weather station was a successful project where it met its objectives of measuring and storing the nine different areas of information set out in the design specifications.
After completing the weather station an improvement could be made is to install a source of energy that could recharge the battery on site such as, a solar panel or small wind turbine. This would reduce the size of the battery needed and the benefits from this would make it more mobile and it would be able to power the station for more than the current 14 days.
Another improvement could be to increase the sample rate of some of the sensors, meaning instead of taking wind speed and direction readings at 60 minute intervals these could be recorded every minute which would increase the station’s accuracy.
When researching weather stations the majority of them had the facility to measure rainfall so a sensor that could do this would be an addition that would prove useful.
The mounting bracket would have been more suitable if it possessed wheels to make transportation more efficient.
Finally a lot of the weather stations that were researched had the capability of connecting remotely so this would be an improvement to make by adding cellular ability so you would not have to download the data on site using the USB and would allow real time monitoring of the weather.
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[bookmark: _Toc124764540]Data Sheets

Microprocessor 		PIC18(L)F2X/4X/6XK40 Product Brief (farnell.com)
SD Card			Microsoft Word - Datasheet_Flash_SD_V11 (rs-online.com)
Wind Speed and Direction	Microsoft Word - Pro-D Anemometer.doc (shopify.com)
Temperature and Humidity	HPC169_C HTM2500LF data sheet (rs-online.com)
Air borne particle		PM3006S | Cubic Sensors (gassensor.com.cn) 
Enclosure			A700000007916997.pdf (rs-online.com)
Connectors			T_series_en (rs-online.com)
Sunlight Brightness		SE-100-spec-sheet.pdf (apogeeinstruments.com)
UV Levels			UV Sensor, UVC Sensor, UV Detector UV1-U $180_Uvebay
GPS				0900766b80e05373.pdf (rs-online.com)
VOC				Series-900-930-Spec-Sheet-V4.pdf (imgix.net)
Battery				RBT200LFP12-BT-G1_manual.pdf (mybigcommerce.com)
Mounting Frame		Weather Station Tripod for use with Davis Vantage Pro2
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Design Rule Check Report

Report Written: Tuesday, January 10, 2023
Design Path:  C:\Users\s2218900\Desktop\Shaun\esd 2022-23\Assignment 2\EasyPC\Project 2.pch.
Design Titl
Created: 10/01/2023 13:
Last Saved:  10/01/2023 15
Editing Time: 82 min

Units: thou (precision 0)

Results

No errors found

Accepted Errors already in the design

No errors found
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Schneider Electric NSYP Series Polycarbonate Floor Standing Enclosure, Opaque *¥™**
Door, IP66, 18 x 27 x 18cm
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