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1. [bookmark: _Toc124511182]Abstract
The purpose of this report was to show the process of designing a system to acquire data of weather and air quality over a period of 14 days.
Data was required to be monitored and logged by amateur weather teams to help in their forecasts. The system was required to be portable so the weather teams could use it in any location.
A total of nine sensors was used, with eight using analogue signal and one using a digital signal. The total current drawn for the system was 415mA. Total memory calculated over 14 days was 18.44Mb and the total cost for the entire system was £3729.36.
The weather station would be dismantled and transported into a carry case, and would sit on a robust tripod that would keep the station off the ground  suspended mid height.



2. [bookmark: _Toc124511183]Introduction
Weather stations are crucial to help monitor and predict the conditions of all the natural elements that are thrown at the world’s population every day. Businesses and organization rely on accurate forecasts for a number of reasons such as protect ourselves from extreme conditions, improve our health and economic gains.
[bookmark: _Hlk122167273]The benefit of having a portable weather station is the ability to measure the exact location where the device is monitoring. For example, a fisherman could use the device to see how the weather where they are located will perform for the day and this could aid their decision making for their living and also protect their wellbeing if the wind was too strong for the boat to enter.
2.1 [bookmark: _Toc124511184]Comparable Portable Weather Stations
2.1.1 [bookmark: _Toc124511185]MWS-M625

 
[image: micro weather station m525] [1]
[bookmark: _Toc124511249]Figure 1 MWS-M625 portable weather station 
Figure 1 shows an MWS-M625 portable weather station. These were made by Intelligence Systems and measures up to 10,000 feet of cloud height. The system was lightweight and very rugged. It would be used in very remote locations. The system also supported real time weather monitoring. [1]



2.1.2 [bookmark: _Toc124511186][bookmark: _Hlk122168626]MeteoHelix® IoT Pro - Sigfox Micro-Weather Station
[image: ] [2]
[bookmark: _Toc124511250]Figure 2 MeteoHelix® IoT Pro - Sigfox Micro-Weather Station
Figure 2 shows the MeteoHelix® IoT Pro - Sigfox Micro-Weather Station, which is an all-in-one micro weather station. The device incorporates self-charging from its integrated solar panels and battery that lasts up to 6 months without any charge. The device is also wireless, so can be used in a number of remote locations. [2]



2.1.3 [bookmark: _Toc124511187]Ecowitt Weather Station WS2910
[image: ] [3]
[bookmark: _Toc124511251]Figure 3 Ecowitt Weather Stations WS2910
Figure 3 shows the Ecowitt weather WS2910. This device is a 7-in1 wireless device that included a wind vane, wind speed cup, UV sensor, rain gauge and solar collector. It also included a colour LCD display showing all readings collected in real-time. Alerts were capable of being set for maximum and minimum levels of wind temperature etc. [3]


2.1.4 [bookmark: _Toc124511188]Skywatch BL-1000 Weather station 
[image: ] [4]
[bookmark: _Toc124511252]Figure 4 Skywatch BL-1000 Weather station for emergency and incident response
Figure 4 shows the Skywatch BL-1000 Weather station, which is a portable weather station used for fast deployment. It can be used by the emergency services and incident response teams, open air exhibitions and construction companies. 
It measured wind speed, direction, temperature, humidity, and pressure. The device was also wireless and can be connected to smartphone application to monitor and store real time data gathered.

2

2.2 [bookmark: _Toc124511189]Comparison Table
	
	[bookmark: _Toc124511190]MWS-M625
[image: micro weather station m525]

	MeteoHelix® IoT Pro
[image: MeteoHelix IoT Pro - professional all-in-one micro-weather station for industrial environement]
	Ecowitt WS2910
[image: ]
	Skywatch BL-1000
[image: ]

	Wireless Communication
	Yes
	Yes
	Yes
	Yes

	Supply Voltage
	Solar powered with LI Ion battery for 6 months without sun
	Solar powered with LI Ion battery for 4 months without sun
	2 x AA 1.5V Lithium battery
	5V rechargeable battery. Battery life last more than a week

	Operating Temperature
	-40 to 60°C
	-33 °C to +65 °C
	-20 °C to +65 °C
	-20 to +50 C

	IP Rating
	IP 67
	IP65W
	IP 65
	IP 67

	Dimensions
	L –=205mm, W = 100mm, H = 100mm
	Diameter = 170 mm, Height = 226 mm
	L –=405mm, W = 100mm, H = 35mm
	Diameter = 17 mm, Height = 305 mm

	Weight
	1.2Kg
	1.2 kg
	2.2Kg
	0.5Kg

	Temperature Accuracy
	± 1.0°C
	±0.2 °C (typical)
	±0.2 °C
	+/- 0.3 C

	Temperature Resolution
	0.1°C
	0.1 °C
	+/- 0.1 C
	0.1 °C

	Temperature measuring range
	-45 ° to 110 °C
	-45 ° to 105 °C
	-25 ° to 60 °C
	-25 C to +60 C

	Humidity Accuracy
	±2 %RH
	±1.5 %RH @ 25 °C hysteresis ±1 %
	±5 %RH
	+/0 3% (10-90 %rH)

	Solar Irradtion operating range
	N/A
	-40 °C to 65 °C
(Battery limitation)
	N/A
	N/A

	Atmospheric Pressure measuring range
	600 to 1110 mb
	300 to 1300 hPa
	700-1100hPa (20.67-32.5inHg)
	300 to 1200 hPa


[bookmark: _Toc124511296]Table 1 Weather Station specification comparison table

3. [bookmark: _Toc124511191]System Design
For the portable weather station system design a comparison of possible sensors was carried out to ascertain which type would best suit for the operation required. The following tables showed alternate types, with the appropriately selected. Advantages and disadvantages showing for the criteria.
3.1 [bookmark: _Toc124511192]Temperature measurement
	[bookmark: _Hlk118733152]Type of Contact
	Component
	Pros
	Cons

	Non-contact

	Mercury Thermometer
[image: ] [5]
	· Low cost
· Very robust

	· Display can be difficult to read
· Doesn’t work below -40°C
· Cannot be connected to MCU
· Not accurate

	
	
	
	

	Contact
	Thermocouple
[image: ] [6]

	· Low Cost
· Very robust
· Very accurate
	· Needs contact to function
· Requires amplification 

	
	
	
	

	Non-contact
	NTC Temperature Sensor
[image: ] [7]

	· Low cost
· Very Robust
· Very Accurate
	•	Current from excitation must be low to avoid over heating



[bookmark: _Hlk118643723][bookmark: _Toc124511297]Table 2 Temperature measurement alternatives table
As shown in table 2, an NTC Temperature sensor was chosen to record the temperature on the weather station. This type of sensor was used for environmental capture and was non-contact. The mercury thermometer would have to be manually read as it didn’t have connection capability. Thermocouple required contact to pick up the temperature.


 
3.1.1 [bookmark: _Toc124511193]Temperature Sensor Comparison
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	SA-NTCM06_5V-000
[image: ] [7]
	2D Debus & Diebold Meßsysteme GmbH
	20mm X
Ø4mm, 10mm
	
Operating Voltage – 5V
Current draw – 40mA
Signal - Analogue
Measurement range - 0°C to 150°C
Accuracy - ±0.5
IP rating – 67
Ambient op. range - -25°C to 85°C
Humidity – 5 to 95% [7]
	£40.12

	
	
	
	
	

	TT541/10K3A1, Pipe, Thermistor
[image: ] [8]
	RS PRO Type NTC Temperature Sensor
	150x Ø6mm
	Operating Voltage – 24V
Current draw – 30mA
          Signal - Analogue
Measurement range - -10°C to 110°C
Accuracy - ±0.5
IP rating – 65
Ambient op. range - -25°C to 85°C
  Humidity – 5 to         95% [7]
	 £32.17

	
	
	
	
	

	NTC015WH01
[image: CAREL NTC015WH01] [9]
	Farnell UK
	50mm X Ø6mm

	Operating Voltage – 5V
Signal – Analogue
Current draw – 40mA
Measurement range - -50°C to 110°C
Accuracy - ±0.5
IP rating – 68
Ambient op. range - -25°C to 85°C
  Humidity - 
5 to 90°C
	£16.21


[bookmark: _Toc124511298]Table 3 NTC Temperature Sensor Comparison table
As shown in table 3, the NTC015WH01 NTC temperature probe was chosen due to its low voltage and current draw. The sensors measurement range was wide, so could measure deep into artic and tropical conditions.The IP rating was 68, so had a high level of protection against dust and water immersion. 



1 reading taken every 15 seconds over the 14 days test time.


[bookmark: _Hlk123639829]2 bytes was taken per reading
Number of bytes per minute  = 4 bytes per min 
14 days test = 1440 mins per day X 14 days
=80,640 bytes
[bookmark: _Toc124511253]Figure 5 Calculation of number of bytes required over 14-day test for temperature measurement 

3.2 [bookmark: _Toc124511194]Humidity measurement
	Type of Contact
	Component
	Pros
	Cons

	Non - contact
	Hygrometer
[image: See the source image] [10]

	· Provides linear voltage
· Resistant to chemical vapours
	· Readings heightened if humidity increases quick
· Sensitivity compromised in harsh environments

	
	
	
	

	Non - contact
	Electronic capacitance polymer film sensor
[image: See the source image] [11]
	· High sensitivity
· Low cost
· Excellent resolution
· Excellent frequency response
	· Sensitive to changes in humidity
· Not as accurate as inductive sensor

	
	
	
	


[bookmark: _Toc124511299][bookmark: _Hlk122603638]Table 4 Humidity measurement alternatives table
As shown in table 4, an electronic capacitance sensor was chosen due to its high level of sensitivity and high level of resolution and frequency. This allowed higher level of data points and rate of transmission. The humidity was positioned underneath the system to prevent moisture and rainfall gathering on the sensor. 


3.2.1 [bookmark: _Toc124511195]Humidity Sensor Comparison
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	246-5635[image: ] [12]
	RS
	18mm X 10mm X 2mm
	Operating Voltage – 1V
Current draw – 10mA
Signal - Analogue
Measurement range – 20 – 90%RH
Accuracy - ±3%RH
IP rating – 64
Ambient op. range - -0°C to 60°C
  Humidity - 
5 to 90°C [12]
	£1.80

	DHT11
[image: ] [13]
	RS
	12mm x 15.5mm x 5.5mm
	Operating Voltage – 5.5V
Current draw – 10mA
Signal - Digital
Measurement range – 20 – 90%RH
Accuracy - ±1%RH
IP rating – 64
Ambient op. range - -0°C to 60°C
  Humidity - 
5 to 90°C [12]
	£6.17

	HIH-4000 Series
[image: ]
	Honeywell
	4.17 x 2.03 x 20.79mm
	Operating Voltage – 5.5V
Current draw – 20mA
Signal - Analogue
Measurement range – 15 – 90%RH
Accuracy - ±3.5%RH
IP rating – 64
Ambient op. range - -0°C to 60°C
  Humidity - 
5 to 90°C
	30.46


[bookmark: _Toc124511300][bookmark: _Hlk122611927]Table 5 NTC Capacitance Humidity Sensor Comparison table
As shown in table 5, the Honeywell HIH-400 Humidity sensor was chosen for the weather station. With a 5V operating voltage there was no need to alter the output voltage for the microcontroller. This sensor had the highest Relative Humidity range, so was able to detect arid and dense environments. [14]
1 reading taken every 15 seconds over the 14 days test time.


2 bytes was taken per reading
Number of bytes per minute  = 4 bytes per min 
14 days test = 1440 mins per day X 14 days
=80,640 bytes
[bookmark: _Toc124511254][bookmark: _Hlk120202855]Figure 6 Calculation for total number of bytes over 14 days for humidity measurement

3.3 [bookmark: _Toc124511196]Wind Speed measurement
	Type of Contact
	Component
	Pros
	Cons

	Non-contact

	Anemometer

[image: ] [15]
	· Will also measure wind pressure, velocity, direction
· High precision
· Low power 
· Low cost
	· Extreme weather can cause damage

	
	Laser-based LIDAR
[image: DFROBOT SEN0259] [16]
	· High Accuracy  
· Fast acquisition and processing
· Low weather independence
	· High cost
· Affected in extreme weather
· Complicated data sets

	Non-contact
	Doppler Radar
[image: Quantum 2 Q24D Doppler Radar With 10m Power and Data cables ] [17]
	· High cost
· Lightweight
· High accuracy

	· Limited range
· Unable to detect wind independently
· Unreliable


	Non-contact
	Ultrasonic Wind Speed
[image: ultrasonic wind speed direction sensor]
	· Lightweight
· Very robust
· Measures speed and direction

	· High cost





[bookmark: _Toc124511301]Table 6 Wind Speed measurement alternatives table
As shown in table 6, the Ultrasonic anemometer was chosen to measure wind speed. This was chosen due to its portability as the weather station was required to be able to move to varying locations. It gave a high level of precision for readings and would consume a low amount of power to run. 


3.3.1 [bookmark: _Toc124511197]Wind Speed Sensor comparison
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	[bookmark: _Hlk122612144]Renke RS-CFSFX
[image: ] [18]
	Renke
	282mm X Ø41mm
	Operating Voltage – 5V
Current draw – 20mA
Signal - Analogue
Measurement range – 0 – 60m/s
Accuracy - ±(0.2m/s±0.02*v) (v is the real wind speed)
IP rating – 66
Ambient op. range - -40°C to 60°C
  Resolution – 0.1s 
[18]
	£200

	OMC-116
[image: ] [19]
	Observator Instruments
	570mm X Ø45mm
	Operating Voltage – 12V
Current draw – 40mA
Signal - Analogue
Measurement range – 0 – 90m/s
Accuracy - ±0.2m
IP rating – 66
[bookmark: _Hlk122612526]Ambient op. range - -20°C to 60°C
  Resolution – 0.2s 
[19]
	£1200

	110WX
[image: 110WX Ultrasonic Wind Sensor image number null] [20]
	NAVICO
	131mm X Ø75mm
	Operating Voltage – 12V
Current draw – 50mA
Signal - Analogue
Measurement range – 0 – 40m/s
Accuracy - ±0.1m
IP rating – X6
Ambient op. range - -25°C to 55°C
  Resolution – 0.1s 
[20]
	£100


[bookmark: _Toc124511302]Table 7  Ultrasonic Wind Speed Sensor Comparison table
As shown in table 7, the Renke RS-CFSFX was chosen to measure the wind speed for the potable weather station. Operating voltage was 5V, so required no manipulation to use with a microcontroller. The range of measurement was  at 0 – 40m/s, so would detect a high level of speed. A high level of resolution was also capable from this sensor.
1 reading taken every 30 seconds over the 14 days test time.


2 bytes was taken per reading
Number of bytes per minute  = 2 bytes per min 
14-day test = 1440 x 14
= 20,160 mins
Total number of bytes per 14-day test =
2 x 20,160 =
40,320 bytes
[bookmark: _Toc124511255]Figure 7 Calculation for total number of bytes over 14 days for wind speed measurement




3.4 [bookmark: _Toc124511198]Wind Direction measurement
	[bookmark: _Hlk122686710]Type of Contact
	Component
	Pros
	Cons

	Non-contact

	Anemometer

[image: ] [15]
	· Will also measure wind pressure, velocity, direction
· High precision
· Low power 
· Low cost
	· Extreme weather can cause damage

	
	Laser-based LIDAR
[image: DFROBOT SEN0259] [16]
	· High Accuracy  
· Fast acquisition and processing
· Low weather independence
	· High cost
· Affected in extreme weather
· Complicated data sets

	Non-contact
	Doppler Radar
[image: Quantum 2 Q24D Doppler Radar With 10m Power and Data cables ] [17]
	· High cost
· Lightweight
· High accuracy

	· Limited range
· Unable to detect wind independently
· Unreliable


	Non-contact
	Ultrasonic Wind Speed
[image: ultrasonic wind speed direction sensor]
	· Lightweight
· Very robust
· Measures speed and direction

	· High cost





[bookmark: _Toc124511303][bookmark: _Hlk122691450]Table 8 Wind direction measurement alternatives table
As shown in table 8, the ultrasonic wind sensor was chosen to measure wind direction. This was chosen as this type of sensor was also chosen for wind speed. The same sensor could be used for both measurements.


3.4.1 [bookmark: _Toc124511199]Wind Direction Sensor measurement
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	Renke RS-CFSFX
[image: ] [18]
	Renke
	282mm X Ø41mm
	Operating Voltage – 5V
Current draw – 20mA
Signal - Analogue
Measurement range – 0 – 359°
Accuracy - ±3°
IP rating – 66
Ambient op. range - -40°C to 60°C
  Resolution – 0.1° 
[18]

	£200

	OMC-116
[image: ] [19]
	Observator Instruments
	570mm X Ø45mm
	Operating Voltage – 12V
Current draw – 40mA
Signal - Analogue
Measurement range – 0 – 359°
Accuracy - ±2°
IP rating – 66
Ambient op. range - -20°C to 60°C
  Resolution – 0.2° 
[19]

	£1200

	110WX
[image: 110WX Ultrasonic Wind Sensor image number null] [20]
	NAVICO
	131mm X Ø75mm
	Operating Voltage – 12V
Current draw – 50mA
Signal - Analogue
Measurement range – 0 – 359°
Accuracy - ±3°
IP rating – X6
Ambient op. range - -25°C to 55°C
  Resolution – 0.1° 
[20]
	£100


[bookmark: _Toc124511304]Table 9 Ultrasonic Wind direction Sensor Comparison table
As shown in table 9, the Renke RS-CFSFX was chosen to measure the wind direction. This was chosen due to the output voltage of 5V, so the voltage would not require to be altered for the microcontroller. Resolution was high at 0.1°, and the IP rating was 66, so was water resistant and protected from dust. 


2 bytes was taken per reading
[bookmark: _Hlk123630689]Number of bytes per minute  = 2 bytes per min 
14-day test = 1440 x 14
= 20,160 mins
Total number of bytes per 14-day test =
2 x 20,160 =
40,320 bytes 
[bookmark: _Toc124511256]Figure 8 Calculation for total number of bytes over 14 days for wind direction measurement
3.5 [bookmark: _Toc124511200]Air borne particle count measurement
	[bookmark: _Hlk123289513]Type of Contact
	Component
	Pros
	Cons

	Non-contact

	Ambient Air Passive Sampler
[image: MAS-100 NT&#174; Portable Microbial Air Sampler for microbial monitoring of ambient air in controlled environments up to ISO 5 cleanrooms.] [21]
	· Low cost

	· Unable to measure all particles due to low diffusion of particle

	Non-contact
	Air Quality Sensor
[image: ] [22]
	· Low cost
· Low power
· High Accuracy
	· Sensitivity


[bookmark: _Toc124511305][bookmark: _Hlk123292230]Table 10 Air Borne particle count measurement alternatives table
As shown in table 10, the type of sensor to measure air particle count was an air quality sensor as this type of sensor was cheap and had a low power consumption.



3.5.1 [bookmark: _Toc124511201]Air borne particle count sensor
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	LM393 MQ-135
[image: ] [23]
	OKY3339
	35mm X 32mm X 13mm
	Operating Voltage – 5V
Signal - Digital
Particle Measurement range – 0.3 ~ 1.0 / 1.0 ~ 2.5 / 2.5 ~ 10 (micron)
Max Current – 100mA
IP rating – 66
Ambient op. range - -15°C to 50°C
Response time – 2s 

	£23.12

	
	
	
	
	

	PM2.5 Particle Sensor[image: ]
[24]
	DFRobot
	46mm X 35mm X 20mm
	Operating Voltage – 5V
Signal - Digital
Particle Measurement range – 0.4 ~ 1.0 / 1.0 ~ 2.5 / 2.5 ~ 10 (micron)
Max Current – 120mA
IP rating – 66
Ambient op. range - -20°C to 50°C
  Response time – 2s 


	£45.18

	
	
	
	
	

	IPS-7100-1
[image: PIERA SYSTEMS IPS-7100-1] [25]
	PIERA SYSTEMS
	46mm x 415mm x 1.24cm
	Operating Voltage – 5.5V
Signal - Digital
Particle Measurement range – 0.5 - 1(micron)
Max Current – 65mA
IP rating – 66
Ambient op. range - -10°C to 55°C
  Response time – 1s [20]
	£79.80


[bookmark: _Toc124511306]Table 11 Air borne Sensor Comparison table
As shown in table 11, the LM393 MQ-135 was chosen due to its range of particle measurement as the range was wider than the alternatives, so could potentially capture a wider size of particle for analysis. The IP rating was 66, so was dust proof and water resistant.


To find the number of bytes for the 14-day test: -
1 byte per reading – 1 reading per second
Number of bytes per min = 1 X 60=
60 bytes per min
Total mins = 1440 X 14 
= 20,160
Total bytes for 14-day test = 60 X 20,160 -=
1.2Mb
[bookmark: _Toc124511257]Figure 9 Calculation for total number of bytes over 14 days for air borne particle count measurement


3.6 [bookmark: _Toc124511202]Sunlight measurement
	Type of Contact
	Component
	Pros
	Cons

	Non-contact

	Light sensor
[image: See the source image] [26]
	· High level of accuracy
· Low cost

	· Sensitivity

	Non-contact
	Photo diode
[image: TT ELECTRONICS / OPTEK TECHNOLOGY OPL800] [27]

	· Low cost
· Quick, linear response
· High speed

	· Poor temperature stability
· Amplification required

	Non-contact
	Light dependant resistor (LDR)
[image: ADVANCED PHOTONIX NSL 06S53.]
	· Low power
· High sensitivity 
· No biasing required
	· Poor temperature stability
· Slow response 
· Affected by hysteresis


[bookmark: _Toc124511307][bookmark: _Hlk123303379]Table 12 Sunlight measurement alternatives table
As shown in table 12, the photo diode sensor was chosen to measure sunlight. This was chosen due to its high-speed transmission of data and its quick response to changes in light. This type of sensor produces a low output, so required amplification.
A transimpedance amplifier circuit was used for the photo diode. The diode was used in zero-bias mode, so when no light shone, no current would flow.



3.6.1 [bookmark: _Toc124511203]Sunlight measurement sensor
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	QSD2030
[image: ]
[28]
	OnSemi/Fairchild
	30mm X Ø5mm
	Operating Voltage – 1.3V
Signal - analogue
Wide Reception Angle - 40°
Peak sensitivity – 880nm
Max. current – 80mA

	£0.254

	OPL800
[image: TT ELECTRONICS / OPTEK TECHNOLOGY OPL800]
[27]
	TT Electronics/Optek technology
	33mm X Ø5mm
	Operating Voltage – 5.5V
Signal - analogue
Wide Reception Angle - 35°
Peak sensitivity – 935nm
Max. current – 15mA

	£0.31

	S5973
[image: HAMAMATSU S5973]
[29]
	Hamamatsu
	32mm X Ø6mm
	Operating Voltage – 3.3V
Signal - analogue
Wide Reception Angle - 40°
Peak sensitivity – 760nm
Max. current – 740mA

	£27.60

	LSIPD-L2

[image: ] [30]
	Beamqus
	342mm X Ø8mm
	Operating Voltage – 5V
Signal - analogue
Wide Reception Angle - 42°
Peak sensitivity – 1700nm
Max. current – 3mA

	£80


[bookmark: _Toc124511308]Table 13 Photo Diode Comparison table
As shown in table 13, the On semi QSD2030 was chosen even though the voltage was low and required an op-amp to boost the signal for the microcontroller to read. Mid-range sensitivity compared to the alternatives. The other sensors required a transducer in set up.
To find the number of bytes for the 14-day test: -
1 byte per reading – 1 reading per 10 seconds
Number of bytes per minute  = 6 bytes per min 
Total mins = 1440 X 14 
= 20,160
Total bytes for 14-day test = 6 X 20,160 -=
120,960 bytes
[bookmark: _Toc124511258][bookmark: _Hlk123631021]Figure 10 Calculation for total number of bytes over 14 days for sunlight measurement


3.7 [bookmark: _Toc124511204]UV level measurement
	Type of Contact
	Component
	Pros
	Cons

	Non-contact

	UV phototube
[image: ] [31]
	
· Wide spectral response
· Very stable
	· High voltage required
· Very fragile
· High cost

	Non-contact
	UV Light Sensor
[image: See the source image] [26]
	· High level of accuracy
· Low cost

	· Sensitivity

	Non-contact
	UV Spectrum sensor
[image: See the source image] [32]
	· Low cost
· Data analysis simple
· Ease of use

	· Only analyzes liquid samples



[bookmark: _Toc124511309]Table 14 UV level measurement alternatives table
As shown in table 14, the UV light sensor was chosen due to its robustness to handle extreme weather, as the phototube was very fragile and had the potential to become damaged from bad conditions. The spectrum sensor would measure a lager range of UV spectrum that included harmful UV light. [33] This level of measurement was not required to measure UV rays for the weather station.

3.7.1 [bookmark: _Toc124511205]UV Level measurement sensor
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	PMA1110

[image: ] [34]
	Solar Light
	21mm X Ø15mm
	Operating Voltage – 5V
Signal - analogue
IP rating - 68
Spectral Response – 320 – 400nm
Operating temp. 0 to 50°C
Max. current – 30mA
  Sensitivity - 11mV /   W/m2
	£34.12

	UVA-BTA
[image: ] [35]
	Vernier
	210mm X Ø2mm
	Operating Voltage – 3.5V
Signal - analogue
IP rating - 64
Spectral Response – 320 – 390nm
Operating temp. 0 to 40°C
Max. current – 50mA
  Sensitivity - 10mV /   W/m2
	£150.31

	SKU 421
[image: ]
	Skye Instruments 
	67mm X Ø16mm
	Operating Voltage – 10V
Signal - analogue
IP rating - 67
Spectral Response – 315 – 400nm
Operating temp. -30 to 60°C
Max. current – 20mA
  Sensitivity - 10mV /   W/m2
	£192.60

	UV-405-E
[image: ]
	Fotek
	20mm X Ø14mm
	Operating Voltage – 5V
Signal - analogue
IP rating - 68
Spectral Response – 340 – 440nm
Operating temp. -20 to 80°C
Max. current – 20mA

	£42


[bookmark: _Toc124511310]Table 15 UV sensor Comparison table
As shown in table 15, the Fotek UV-405-E was chosen to measure UV. Output voltage of 5V, so no manipulation was required for the microcontroller. The IP rating was 68, so was protective against harsh elements.The spectral response was one of the widest ranges at 340 – 440nm, so would pick up a higher level of UV. The operating temperature was -20 to 80°C, so would operate in all environmental conditions.

To find the number of bytes for the 14-day test: -
1 byte per reading – 1 reading per 10 seconds
Number of bytes per minute  = 6 bytes per min 
Total mins = 1440 X 14 
= 20,160
Total bytes for 14-day test = 6 X 20,160 -=
120,960 bytes
[bookmark: _Toc124511259]Figure 11 Calculation for total number of bytes over 14 days for UV level measurement




3.8 [bookmark: _Toc124511206]GPS position
	Type of Contact
	Component
	Pros
	Cons

	Non-contact

	Gyroscope
[image: BMI085] [36]
	· Measures 3-axis
· Fast in response
· Low in cost

	· Used primarily for orientation
· Unable to give an exact location


	Non-contact
	Accelerometer
[image: Image result for accelerometer]
[37]
	· Low cost
· High frequency response
· High sensitivity
	· Measures change in velocity, not constant velocity
· Sensitive to temperature


	Non-contact
	Magnetometer
[image: SparkFun Micro Magnetometer - MMC5983MA (Qwiic) - The Pi Hut] [38]
	· Low power consumption
· Gives wide magnetic field of range
	· Low precision
· Very sensitive to environment

	Non - contact
	GPS Sensor
[image: See the source image] [39]
	· Full coverage of earth
· Accessible anywhere
· Works in all conditions
	· High in power consumption



[bookmark: _Toc124511311]Table 16 GPS position alternatives table
As shown in table 16, the GPS sensor was chosen due to its reliability to give a signal to the associated satellites in any location on earth. Even though the sensor consumes a higher level of power compared to the alternatives. The other sensors would only measure direction, orientation, and speed.

3.8.1 [bookmark: _Toc124511207]GPS sensor
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	2195768-1
[image: ] [40]
	TE Connectivity

	12mm X 12mm X 6.5mm
	Operating Voltage – 3V
Signal - analogue
IP rating - 64
Bandwidth – 10MHz
Operating temp. -40 to 90°C
Max. current – 5mA
Frequency range – 1575.42 ±2MHz
	£24.72

	L70B-M39
[image: ] [41]
	Quectel
	10mm X 9mm X 2.5mm
	Operating Voltage – 3V
Signal - Digital
IP rating - 64
Bandwidth – 10MHz
Operating temp. -40 to 85°C
Max. current – 18mA
Frequency range – 1575.42 ±2MHz
	£14.31

	Dev 50Hz
[image: ] [42]
	Metis
	22mm X 40mm X 45mm
	Operating Voltage – 28V
Signal - analogue
IP rating - 65
Bandwidth – 10MHz
Operating temp. -20 to 80°C
Max. current – 110mA
Frequency range – 1000 ±2MHz
	£40.12

	113020003
[image: ] [43]
	TNT
	40mm X 13mm X 13mm
	Operating Voltage – 3V
Signal - analogue
IP rating - 64
Bandwidth – 10MHz
Operating temp. -40 to 85°C
Max. current – 40mA
Frequency range – 1575.42 ±2MHz
	£26.38


[bookmark: _Toc124511312]Table 17 GPS sensor Comparison table
As shown in table 17, the 2195768-1 was chosen due to its low current consumption, large bandwidth, and high range of frequency. With a low voltage of 3V, the sensors output required to an op-amp to magnify its voltage to 5V for the microprocessor to recognise the signal.
1 reading taken every 15 seconds over the 14 days test time.


2 bytes was taken per reading
Number of bytes per minute  = 4 bytes per min 
14 days test = 1440 mins per day X 14 days
=80,640 bytes
[bookmark: _Toc124511260]Figure 12 Calculation for total number of bytes over 14 days for GPS measurement 


3.9 [bookmark: _Toc124511208]VOC level measurement
	Type of Contact
	Component
	Pros
	Cons

	Non-contact

	Photoionization Sensor
[image: See the source image] [44]
	· Measures low level of VOC
· Low cost
· Ease of operation
	· Unable to measure all types of gas

	Non-contact
	Flame Ionization Sensor
[image: ] [45]
	· Low maintenance
· Robust in build
· Large linearity range of measurement


	· Unable to detect some inorganic substances

	Non-contact
	Metal Oxide Semiconductor Sensor
[image: Picture 1 of 12] [46]
	· High response to ozone
· High accuracy
· Low cross interference
	· High power consumption



[bookmark: _Toc124511313]Table 18 VOC level measurement alternatives table
As shown in table 18, the MOS sensor was chosen due to its sensitivity to measuring gases included in the ozone, high level of accuracy and its ability to withstand interference. The only downside to this type of sensor was it being susceptible to a higher level of current draw.



3.9.1 [bookmark: _Toc124511209]VOC level sensor
	Part Number
	Manufacturer/
Supplier
	Dimensions 
(mm)
	Technical Spec
	Price

	MQ-4
[image: 5PCS Winsen MQ-4 Gas Sensor Semiconductor Sensor Metal Cap Flammable Gas Sensor 300-10000ppm Used In Gas Leakage Detection] [47]
	Wilsen
	12mm X Ø6.5mm
	Operating Voltage – 5V
Signal - analogue
IP rating - 67
Detection Range – 300 -10000ppm
Operating temp. -40 to 90°C
Max. current – 20mA
	£14.72

	SGP40-D-R4 [image: SEN55-SDN-T]
[48]
	
Sensirion AG
	43mm X 9
52mm X 25mm
	Operating Voltage – 5V
Signal – Digital/I2C
IP rating - 64
Detection Range – 400 -10000ppm
Operating temp. -10 to 90°C
Max. current – 110mA
	£27.31

	SVM30-J
[image: SVM30-J] [49]
	Sensirion AG
	39mm X 16mm X 6.5mm
	Operating Voltage – 5V
Signal - Digital/I2C
IP rating - 64
Detection Range – 500 -10000ppm
Operating temp. -20 to 85°C
Max. current – 49mA
	£19.12

	PS1-VOC-1000[image: PS1-VOC-1000]
[50]
	
Amphenol SGX Sensortech
	25mm X 13mm X 13mm
	Operating Voltage – 5V
Signal - analogue
IP rating - 66
Detection Range – 300 -10000ppm
Operating temp. -40 to 55°C
Max. current – 35mA
	£26.38


[bookmark: _Toc124511314]Table 19 VOC sensor Comparison table
As shown in table 19, the MQ-4 VOC sensor was chosen due to its high IP rating to avoid dust or moisture affecting the device, its low current draw of 20mA, and its high range of detection for the applicable gases for the weather station.
To find the number of bytes for the 14-day test: -
1 byte per reading – 1 reading per 10 seconds
Number of bytes per minute  = 6 bytes per min 
Total mins = 1440 X 14 
= 20,160
Total bytes for 14-day test = 6 X 20,160 -=
120,960 bytes
[bookmark: _Toc124511261]Figure 13 Calculation for total number of bytes over 14 days for VOC measurement
3.10 [bookmark: _Toc124511210]Microcontroller
When choosing a microcontroller, for the size of the system, memory was estimated. Around 16k of space for programme memory was chosen. A clock frequency of around 45MHz was required. For all sensors connected to the microcontrollers, interrupts were also required. This was due to the system functioning on condensed timings. The system also required connection via a USB port, so that was also taken into consideration.

Total analogue inputs required were: -
	[bookmark: _Hlk119755969]Sensor
	No. of sensors
	No. of inputs

	Temperature
	1 required
	1

	Humidity
	1 required
	1

	Wind Speed
	1 required
	1

	Wind Direction
	1 required
	1

	Sunlight Brightness
	1 required
	1

	UV levels
	1 required
	1

	GPS Position
	1 required
	1

	VOC level
	1 required
	1

	
	
	Total analogue 8


[bookmark: _Toc124511315][bookmark: _Hlk119763867]Table 20 Total analogue inputs required
Total digital inputs required were: -
	Sensor
	No. of sensors
	No. of inputs

	Air borne particle count
	1
	1

	
	
	Total digital 1


[bookmark: _Toc124511316]Table 21 Total digital inputs required
Total pins required = 9
As shown in tables 20 and 21, the total number of pins required was 9 for the sensors. A push START/STOP button was also required on the system. The microcontroller also required to be USB compliant. The microcontroller chosen was PIC18F24K50, as shown in figure. This was chosen due to the criteria required for memory, clock speed, USB capability and number of I/O required.

[image: ]
[bookmark: _Toc124511262]Figure 14 PIC18F24K50 schematic showing pin functions


3.11 [bookmark: _Toc124511211]Storage Memory
	Part Number
	Dimensions (mm)
	Technical Spec
	Price

	410-123
[image: ] [51]
	46mm X 46mm
	Number of pins – 12
Communication size – 1bit/4bit
Interface – SPI

	£12.71


[bookmark: _Toc124511317]Table 22 Memory storage device
When the sensors recorded their respective stimuli and sent to the microcontroller, the data was required to be stored and sent to a storage device which could be externally read via a PC. A reason to back up the data was to prevent data loss in case the system failed from power issues.
A non-volatile SD card was chosen for the back-up data medium. This negated the process if the power was cut or lost during data collection.
SD means Secure Digital and is usually a removable memory card that is flashed based. Synchronous Serial protocol (SPI) is a communication protocol from the microcontroller and the SD card. [52]
Due to the simplicity of connection and rate of transfer, the SPI protocol was chosen. The SD input from the microcontroller was around 4.5V, so the voltage was lowered using a resistor as the operating voltage of the SD card was around 3V. 



	Sensor
	Bytes/reading
	Number/min
	Total mins
	Total for 14 days

	Temperature
	2
	4
	20,160
	80,640

	Humidity
	2
	4
	20,160
	80,640

	Wind Speed
	2
	2
	20,160
	40,320

	Wind Direction
	2
	2
	20,160
	40,320

	Air particle count
	1
	60
	20,160
	1,200,000

	Sunlight bright
	1
	6
	20,160
	120,960

	UV Levels
	1
	6
	20,160
	120,960

	GPS position
	2
	4
	20,160
	80,640

	VOC level
	1
	6
	20,160
	120,960

	Total (Bytes)
	
	
	
	1,885,4400


[bookmark: _Toc124511318]Table 23 Total bytes required for complete system over 14 days
As shown in table 23, the total amount of bytes from all sensors over a period of 14 days was 18.85Mb
	Part Number
	Technical spec
	Price

	
DS2A-512I81C1B
[image: ]
[53]

	Manufacturer - Innodisc
Memory capacity – 512Mb
DC input – 2.7V to 3.6V
Transfer mode – SPI
Flash type – SLC (Single Level cell)
Operating temp. -40 to 85°C

	£28.12




[bookmark: _Toc124511319]Table 24 Innodisc SD card specification
As shown in table 24, the Innodisc SD card was used for non-volatile storage which could be accessed via a PC. The storage size of 512Mb was ample for the amount of data accumulated over 14 days at the different locations. The card had SPI protocol and which the microcontroller supported.


3.12 [bookmark: _Toc124511212]Connector comparison table
	Component
	Material
	Specifications
	Pros
	Cons

	Amphenol
[image: ECTA 633 / EN61984]
[54]
	Stainless Steel
	Current rating – 6A
Voltage rating – 500V
 Material – Stainless Steel
IP rating – 67
	· Push pull lock system
· Waterproof
· High mating cycle
	· High cost

	Deutsch
[image: ]
[55]
	Polymer
	Current rating – 3A
Voltage rating – 300V
Material – Plastic
IP rating – 64
	· Mid-range cost
	· Non waterproof

	Lemo [image: ] [56]

	Polymer
	Current rating – 6A
Voltage rating – 500V
Material – Stainless Steel
IP rating – 67
	· Push pull lock system

	· High cost

	RS Pro
[image: See the source image] [57]A
	Polymer
	Current rating – 2A
Voltage rating – 200V
Material – Plastic
IP rating – 63
	· Low cost
	· Non waterproof


[bookmark: _Toc124511320]Table 25 Connector comparison table
As shown in table 25, Amphenol mating connectors , were chosen for the connection of the sensors to the microcontroller. They would handle all types of extreme weather that the system would be subjected to due to the material of stainless steel, and they were waterproof and dust proof, with an IP rating of 67. They would also be able to withstand the constant movement of relocation for the portability of the weather station.
To complement the connectors, mating gold sockets and pins were used in the connector housings. This was due to the fact that the system was in extreme conditions, the gold material would negate harmful oxides that would affect the conductance and not react with the environment. It also has a low contact resistance with low voltages and currents. [58] 

A different number of pins was allocated to each different sensor. This was to negate any connection errors when the sensor was connected to the system and prevent false or no readings occurring. A colour code system was also implemented so that the correct sensors were connected.
3.12.1 [bookmark: _Toc124511213]Sensor connections
3.12.1.1 Temperature
	Sensor
	No. of pins
	Colour

	Temperature
	3
	


[bookmark: _Toc124511321]Table 26  Temperature connector colour code chart
As shown in table 26, the temperature sensor was colour coded to prevent error in connection. 
3.12.1.2 Humidity
	Sensor
	No. of pins
	Colour

	Humidity
	4
	


[bookmark: _Toc124511322]Table 27 Humidity connector colour code chart
As shown in table 27, the humidity sensor was colour coded to prevent error in connection. 

3.12.1.3 Wind Speed
	Sensor
	No. of pins
	Colour

	Wind Speed
	5
	


[bookmark: _Toc124511323]Table 28 Wind Speed connector colour code chart
As shown in table 28, the wind speed sensor was colour coded to prevent error in connection. 
3.12.1.4 Wind Direction
	Sensor
	No. of pins
	Colour

	Wind Direction
	6
	


[bookmark: _Toc124511324]Table 29 Wind Direction connector colour code chart
As shown in table 29, the wind direction sensor was colour coded to prevent error in connection. 
3.12.1.5 [bookmark: _Hlk123652523]Air borne particle count
	Sensor
	No. of pins
	Colour

	[bookmark: _Hlk123652589]Air borne particle count
	7
	


[bookmark: _Toc124511325]Table 30 Air borne particle count connector colour code chart
As shown in table 30, the Air borne particle count sensor was colour coded to prevent error in connection. 
3.12.1.6 Sunlight brightness
	Sensor
	No. of pins
	Colour

	Sunlight brightness
	8
	


[bookmark: _Toc124511326]Table 31 Sunlight brightness connector colour code chart
As shown in table 31, the Air borne particle count sensor was colour coded to prevent error in connection. 


3.12.1.7 UV levels
	Sensor
	No. of pins
	Colour

	UV level
	9
	


[bookmark: _Toc124511327]Table 32 UV level connector colour code chart
As shown in table 32, the UV level sensor was colour coded to prevent error in connection. 
3.12.1.8 GPS position
	Sensor
	No. of pins
	Colour

	GPS
	10
	


[bookmark: _Toc124511328]Table 33 GPS position connector colour code chart
As shown in table 33, the GPS sensor was colour coded to prevent error in connection. 
3.12.1.9 VOC level
	Sensor
	No. of pins
	Colour

	VOC level
	11
	


[bookmark: _Toc124511329]Table 34 VOC level connector colour code chart
As shown in table 34, the VOC level sensor was colour coded to prevent error in connection. 


3.13 [bookmark: _Toc124511214]Casing comparison table
	[bookmark: _Hlk119753024]Component
	Material
	Pros
	Cons

	FTS QD Quick Deploy
[image: ]
[59]
	Stainless Steel
	· Waterproof to IP67
· Foam gasket sealed
· Rain drip rail over lid
	· High cost

	HOBO RX3000
[image: ] [60]
	Aluminium
	· NEMA 4X rated protection
	· Mid-range cost

	Harvest ITU G2
[image: ]
[61]
	Stainless Steel
	· Waterproof to IP67

	· High cost


[bookmark: _Toc124511330]Table 35 Portable weather station casing comparison table
As shown in table 35, the FTS QD case was chosen to house the microcontroller and sensors. This was chosen due to its stainless-steel material, which would withstand extreme conditions. The casing also an IP rating of 67, so could repel dust and was waterproof. A gasket seal was also present and a rain drip lid which would protect the electrical hardware inside when the door was open. The compartment was also able to sit upon a tripod, which would allow the weather station to hover above the ground on a stable foundation, as shown in figure 15.


[image: ] [62]
[bookmark: _Toc124511263]Figure 15 Illustration of proposed design and layout of weather station located on tripod
As shown in figure 15, the weather station casing situated on a tripod for stability. This would allow the system to be located in various locations without the hardware being subjected to the ground where it could get damaged. This could be dismantled and placed inside its carrying case for easy transport, as shown in figure 16.
[image: ] [62]
[bookmark: _Toc124511264]Figure 16 carry case for dismantled weather station

As shown in figure 16, when dismantled the weather station and tripod would be stored safely away in its carry case for safe transport.
3.14 [bookmark: _Toc120445580][bookmark: _Toc124511215]
LED and Start/Stop button
A push button was included to operate the weather stations power. This button would illuminate by flashing once every 10 secs for 1 minute to indicate that the system was in operation.
	Component
	Specification
	Price

	RS 175-8474
[image: ] [63]
	Switch rating – 2A/36VDC
IP rating – 67
Material - Alloy
	£15.97


[bookmark: _Toc124511331]Table 36 Recommended Push button
As shown in table 36, the RS 175-8474 was chosen to power the weather station due to its IP 67 rating, as this protected the switch from debris, dust and was waterproof so would be protected against extreme weather.
3.15 [bookmark: _Toc124511216]Battery
	[bookmark: _Hlk120441572]Component
	Specification
	Price

	Kedanone
[image: 12V 6800mah battery 18650 Li-ion 6.8 Ah Rechargeable batteries with BMS Lithium Battery packs Protection Board +12.6V Charger: Lithium Battery] [64]

	Voltage – 12V
Capacity – 6.8Ah
Chemistry – Lithium-Ion
Operating Temperature -20 to 70°C
	£25 each


[bookmark: _Toc124511332]Table 37 Recommended battery
As shown in table 37, the Kedanone 12v was chosen to power the weather station system. These were rechargeable lithium-ion, with a maximum voltage of 12V and capacity of 6.8Ah.
Total current draw =415mA
Total battery voltage = 12V
Total battery current supply – 6.8Ah
Total current time for 1 battery =
 = 16.3 hrs
Hours for 14-day data collection = 336hrs
Number of batteries required = 
 = 21


In order to allow power to the system for the full 14 days, 21 batteries were in a parallel configuration. This would also allow a voltage of 12V.
[image: ]
[bookmark: _Toc124511265]Figure 17 battery configuration
Figure 17 shows the parallel battery configuration to power the weather station for 14 days.
3.16 [bookmark: _Toc124511217]Voltage Regulator
The maximum voltage input for the microcontroller was 5V, so a voltage regulator was included to drop the batteries 12V output. A 7850 regulator was included to the circuit, with capacitors on both sides. This was to smooth out the noise from the regulator. The regulator would monitor the output and perform a feedback loop. [65]
3.17 [bookmark: _Toc124511218]USB
	Component
	Specification
	Price

	USB port
[image: ] [66]

	Voltage – 5V
Current output – 30mA
Operating temperature - -20 to 60°C
	£4.63


[bookmark: _Toc124511333]Table 38 USB port for PC connection
As shown in table 38, a USB port was used to connect the system to a PC to charge the batteries and to transfer data collected. The module would be connected to the PCB via soldering. A maximum of 30mA was drawn from the device.

3.18 [bookmark: _Toc124511219]Block Diagram
[image: Diagram

Description automatically generated]
[bookmark: _Toc124511266]Figure 18 Block diagram for weather station system

3.19 [bookmark: _Toc124511220]Software Flow chart
3.19.1 [bookmark: _Toc124511221]Temperature sensor
[image: ]
[bookmark: _Toc124511267]Figure 19 Temperature sensor flow chart
Figure 19 shows flow chart for the temperature sensors order of commands to capture and send data to the microcontroller with a value readable from associated voltage.


3.19.2 [bookmark: _Toc124511222]Humidity sensor
[image: ]
[bookmark: _Toc124511268]Figure 20 Humidity sensor flow chart
Figure 20 shows flow chart for the humidity sensors. As with the temperature sensor, humidity recorded produced associated voltage for the microcontroller to calculate.


3.19.3 [bookmark: _Toc124511223]Wind Speed
[image: ]
[bookmark: _Toc124511269]Figure 21 Wind speed sensor flow chart
Figure 21 shows the flow chart for the wind sensor. Associated wind speed with voltage was sent to the microcontroller to read.


3.19.4 [bookmark: _Toc124511224]Wind direction
[image: ]
[bookmark: _Toc124511270]Figure 22 Wind direction sensor flow chart 
Figure 22 shows wind direction flow chart. Orientation of wind was associated with a voltage and send to the microcontroller to produce data.

3.19.5 [bookmark: _Toc124511225]Air particle sensor
[image: ]
[bookmark: _Toc124511271][bookmark: _Hlk124239363]Figure 23 Air particle sensor flow chart
Figure 23 shows air particle sensor flow chart with sampled particle number converted into a readable voltage and sent to the microcontroller.



3.19.6 [bookmark: _Toc124511226]Sunlight sensor
[image: ]
[bookmark: _Toc124511272][bookmark: _Hlk124239601]Figure 24 Sunlight sensor flow chart
Figure 24 shows the process of how the sunlight sensor gathers and sends the data collected to be sent to the microcontroller.


3.19.7 [bookmark: _Toc124511227]GPS sensor
[image: ]
[bookmark: _Toc124511273]Figure 25 GPS sensor flow chart
Figure 25 shows the flow chart for the GPS sensor and how it captured the position of the weather station and send to the microcontroller.


3.19.8 [bookmark: _Toc124511228]VOC Sensor
[image: ]
[bookmark: _Toc124511274]Figure 26 VOC sensor flow chart
Figure 26 shows flow chart for VOC sensor and how the process of how the sensor collects the level of gases and send the associated signal to the microcontroller.

3.19.9 [bookmark: _Toc124511229]UV Level
[image: ]
[bookmark: _Toc124511275]Figure 27 UV sensor flow chart
Figure 27 shows flow chart for UV sensor. The data gathered would send an associated voltage to the microcontroller the be read and collected.


3.19.10 [bookmark: _Toc124511230]SD Read/Write
[image: ]
[bookmark: _Toc124511276]Figure 28 SD Read/Write flow chart
Figure 28 shows SD card flow chart. Data acquisition was carried out by way of the card enquiring if the system was in a position for read or write function.


4. [bookmark: _Toc124511231]Result
[image: ]
[bookmark: _Toc124511277]Figure 29 Circuit diagram of weather station



4.1 [bookmark: _Toc124511232]Temperature sensor system
[image: ]
[bookmark: _Toc124511278]Figure 30 Temperature sensor circuit layout
As shown in figure 30, the output of the temperature sensor was 5V, so no manipulation was required. The received temperature would determine the analogue output. The output had signal conditioning by a resistor and capacitor in the system. This filtered out the noise and help a smooth signal. To prevent spiking, a Zener diode was included. This also allowed clamping of the output.
4.2 [bookmark: _Toc124511233]Humidity sensor system
[image: ]
[bookmark: _Toc124511279]Figure 31 Humidity sensor circuit layout
As shown in figure 31, output for the sensor was 5V.The resistor and capacitor produced signal conditioning, and the diode clamped the output to avoid high voltage spikes.


4.3 [bookmark: _Toc124511234]Wind speed sensor system
[image: ]
[bookmark: _Toc124511280]Figure 32 Wind speed sensor circuit layout
Figure 32 shows no voltage manipulation for the output of the sensor, due to 5V being produced. Clamping and signal conditioning components were present in the system. 
4.4 [bookmark: _Toc124511235]Wind direction sensor system
[image: ]
[bookmark: _Toc124511281]Figure 33 Wind direction sensor circuit layout
Figure 33 shows wind direction sensor layout. 5V output, clamping and signal conditioning prevented spiking in the circuit, and a smooth signal. A six-pin connector was also included to differentiate sensor when connecting.


4.5 [bookmark: _Toc124511236]GPS sensor system
[image: ]
[bookmark: _Toc124511282]Figure 34 GPS sensor circuit layout
Figure 34 shows the GPS circuit diagram. Due to only 3V maximum output, a non-inverting op amp was required to boost the voltage to 5V. This boosted output was then signal conditioned and clamped. 
[image: ]
[bookmark: _Toc124511283]Figure 35 Sunlight sensor circuit layout
As shown in figure 35, the sunlight sensor required a non-inverting op-amp to boost its 1.3V output to 5V for the PIC to recognise. Clamp and signal conditioning followed this increased voltage.


4.6 [bookmark: _Toc124511237]VOC sensor system
[image: ]
[bookmark: _Toc124511284]Figure 36 VOC sensor circuit layout
Figure 36 shows the ten-pin connector for the VOC sensor, including signal conditioning and clamping to prevent spiking. The sensors output was 5V, so no manipulation was required.
4.7 [bookmark: _Toc124511238]Air Particle sensor system
[image: ]
[bookmark: _Toc124511285]Figure 37 Air particle sensor circuit layout
As shown in figure 37, the seven-pin connector for the particle sensor produced an output of 5V and included a system of a resistor and capacitor to smooth out the digital signal. It also included a diode to clamp the voltage and prevent spiking.


4.8 [bookmark: _Toc124511239]UV level sensor system
[image: ]
[bookmark: _Toc124511286]Figure 38 UV level sensor circuit layout
Figure 38 shows a nine-pin connector for the sensor with an output of 5V passing through a signal conditioning and clamping configuration.
4.9 [bookmark: _Toc124511240]Microcontroller
[image: ]
[bookmark: _Toc124511287]Figure 39 Microcontroller pin I/O
As shown in figure 39, the PIC18F24K50 microcontroller which utilised eight analogue inputs and 1 digital inputs. The microcontroller was connected to all the sensors in the weather station. The USB port allowed PC connection; SD card was used for data to be transferred to non-volatile memory.


4.10 [bookmark: _Toc124511241]Battery layout
[image: ]
[bookmark: _Toc124511288]Figure 40 battery layout
Figure 40 shows the battery layout for power for the system. Due to the maximum of 5V input for the PIC, a 7805-voltage regulator was used to drop the batteries 12V. To smooth out the signal, a configuration of capacitors either side of the regulator was included. [67]
4.11 [bookmark: _Toc124511242]Stop/Start LED
[image: Diagram

Description automatically generated]
[bookmark: _Toc124511289]Figure 41 Stop/start LED configuration
Figure 31 shows to power the system, a Start/stop push button, when pressed, closed the circuit, and gave power was produced. The LED would illuminate and flash for 10 seconds for a total of 1 minute to show operation. Series resistors limited the amount of current to prevent damage to the components.
4.12 [bookmark: _Toc124511243]USB
[image: A picture containing chart
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[bookmark: _Toc124511290]Figure 42 USB configuration
Figure 42 shows the USB port which enabled connection to a PC. To operate, 5V was required, with data lines D+ and D- sending and receiving data collected from the sensors via the PIC.
4.13 [bookmark: _Toc124511244]SD Card
[image: A picture containing text, device, screenshot, gauge
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[bookmark: _Toc124511291]Figure 43 SD Card configuration
Figure 43 shows the SD card, which collected the data produced from the sensors. SPI protocol was used with this device and included individual I/O pins. The clock pin would determine the speed of the transfer to and from the card.



4.14 [bookmark: _Toc124511245]PCB
[image: A picture containing text, scoreboard
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[bookmark: _Toc124511292]Figure 44 2D schematic of PCB circuit
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[bookmark: _Toc124511293]Figure 45 3D schematic of PCB circuit
Figures 44 and 45 show the completed PCB in both 2D and 3D respectively. The PCB was drawn using Easy PC software. [68] A total of four layers made up the PCB, including copper layers on both top and bottom.

[image: Diagram, schematic
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[bookmark: _Toc124511294]Figure 46 Engineering drawing showing PCB schematic



3.14.1 [bookmark: _Toc124511246]PCB manufacturing quote
[image: Graphical user interface, text, application
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[bookmark: _Toc124511295]Figure 47 Quote from JLPCB for PCB manufacture
Figure 47 shows quote from PCB manufacturer JLPCB. The PCB was lead free with four layers. The company supplied a minimum of five PCB’s. With a total of £56.17 with delivery [69]. 


5. [bookmark: _Toc124511247]Conclusion
	Component
	Part No.
	Manufacturer
	Price
	Amount
	Total

	Temperature Sensor
	NTC015WH01

	Carel
	£16.21
	1
	£16.21

	Humidity Sensor
	HIH -4000
	Honeywell
	£30.46
	1
	£30.46

	[bookmark: _Hlk124502844]Wind Speed Sensor 

	RS-CFSFX
	Renke
	£200
	1
	£200

	Wind Direction Sensor 

	RS-CFSFX
	Renke
	£200
	1
	£200

	Air particle count sensor
	LM393 MQ-135
	OKY
	£23.12
	1
	£23.12

	Sunlight sensor

	QSD2030
	ON SEMI
	25p
	1
	25p

	UV sensor
	UV-405-E
	FOTEK
	£45.12
	1
	£45.12

	GPS
	2195768-1
	TE
	£24.72
	
	£24.72

	VOC level sensor
	MQ-4
	WILSEN
	£14.72
	
	£14.72

	SD Card Port 

	410-123
	DIGILENT
	£13.18
	1
	£13.18

	SD Card Swissbit 512Mb
	DS2A
512I81C1B

	INNODISK
	£28.80
	1
	£28.80

	Amphenol Connector Male/Female
	ECTA 633
	AMPHENOL
	£77.92
	20
	£1558.40

	Microcontroller
	PIC18F24K50
	MICROCHIP
	£3.12
	1
	£3.12

	Housing unit, carry case, tripod stand  
	FTS QD Quick Deploy

	FTS
	£1000.12
	1
	£1000.12

	Batteries
	12.6V
	KEDANONE

	£25
	20
	£500

	Usb Port
	RS 175-8474

	RS
	£15.97
	1
	£15.97

	PCB
	NA
	JLPCB
	£55.17
	5
	£55.17

	Total
	
	£3729.36


[bookmark: _Toc124511334]Table 39 Total price of weather station
Table 27 shows the total price of the weather station was £3729.26
Future revisions could include:
1. Solar powered panels. This could double as a temperature sensor and a source of power to reduce the amount of batteries required. Weather station could be in situ longer.
2. Upgrade sensors to include sleep mode. This would also aid current draw when not active.
3. Wireless connection, to eliminate routing connection wires.
4. CAN protocol for communication. Very robust system. Produces error free communication.
5. Include RTOS software that can be linked to central database instead of SD card for reading as they happen.
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