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[bookmark: _Toc124540826]Introduction
A Weather & Air Quality data acquisition system needs to be designed, with its intended use  by amateur weather forecasters. It must be portable, reusable, and designed in such a way that it can be positioned at any number of potential monitoring locations. The data acquisition system will require various measuring devices to read changes in the weather conditions, have an LED indicating operation, and it must be based around a microcontroller. The conditions that need to be measured and recorded over a 14-day period are:
· Temperature,
· Humidity,
· Wind speed,
· Wind direction,
· Airbourne particle count,
· Sunlight brightness,
· UV levels,
· GPS position,
· VOC level.
The data collected at the station must be stored in a non-volatile memory, which can be accessed and read, via USB by an external computer. The station must be powered by a suitably sized battery. 
[bookmark: _Toc124540827]Weather & Air Quality Monitor
A portable, adaptable weather & air quality data acquisition system (DAS) allows for the collection of the raw data from the various sensors within the weather station, storing this data and then the transfer of data to a local data base. A DAS can receive analogue input measurements such as current or voltage, and then convert them to digital values using ADC’s so that the microcontroller can see them. A DAS can receive digital inputs, organising them into a practical value. The measured variables within the weather and air quality station can be logged, trended, and compared to other results.
· Signal conditioners are necessary. They will convert and enhance signals into practical values.
· Clamp circuits are used to reduce spikes and noise in signals.
· ADCs are used to convert analogue signals into digital. The higher ADC bit value, the greater the resolution.
· A microcontroller will gather all the data and save into the designated memory location.
· Software must be used to communicate with the microcontroller. This allows initial set-up and retrieving meaningful results.

[bookmark: _Toc124540828]Comparison of Weather/Air Quality Monitors
A selection of weather measurement systems on the market are shown on the following pages. Their highlights are discussed, with features and measured parameters listed in the table.

[bookmark: _Toc124540829]Aercus WeatherMaster - Advanced
[image: A picture containing different

Description automatically generated]“The Aercus Instruments WeatherMaster is the latest in the Aercus range of fully featured weather stations. The all-in-one outdoor sensor array measures temperature, humidity, rainfall, solar radiation, UV index, wind seed and wind direction. In addition, the indoor sensor measures your indoor temperature, humidity, and atmospheric pressure. 
The WeatherMaster, is the one of the most feature rich and advanced mid-range station in the UK for personal or professional use. Includes support for several additional sensors, and WIFI upload to variety of popular community sites.” [1]


[bookmark: _Toc124540830]Renke Weather Station Professional
[image: A picture containing text, sky, outdoor, sign

Description automatically generated]“Multi sensor weather station is a professional industrial and agricultural weather station. It consists of multiple sensor devices, which can effectively monitor the wind speed, wind direction, rainfall, UV, solar radiation, air pressure, temperature, humidity, noise, light, soil moisture and conductivity in the environment.
RS-QXYL-M is a high precision outdoor environmental weather station. Mainly used for industrial and agricultural meteorological environment monitoring. Its support structure is composed of a high strength pole and three beams through expansion screws, which can effectively resist strong winds and snowstorms. Various weather sensors are installed on the top of the beam, which can accurately measure the current environments temperature and humidity, wind speed, wind direction, rainfall, solar radiation, illumination, atmospheric pressure, rains & snow, soil moisture and noise.” [2]



[bookmark: _Toc124540831]Davis Vantage Vue 6110
“Davis Vantage Vue solar powered weather station including all-in-one outdoor sensor unit & 300m wireless performance. WeatherLink Live enables you to live-stream your weather station data over Wi-Fi or ethernet directly to the WeatherLink Cloud and WeatherLink mobile apps.
[image: A picture containing text, indoor

Description automatically generated]Davis Vantage Vue wireless solar powered weather station provides accurate, reliable weather monitoring in a self-contained, easy to install system. The one-piece outdoor sensor suite installs in minutes and starts sending data wirelessly to the WeatherLink Live unit console anywhere in your home, school, or business.” [3]


[bookmark: _Toc124540832]Vaisala Weather Transmitter WXT530
[image: A close-up of a satellite

Description automatically generated with low confidence]“Vaisala weather transmitter WXT530 is a unique series of sensors with parameter combinations that allow you to choose what is right for your application. WXT530 is a flexible, integrated building block for weather applications. WXT530 series improves your grip on weather.
WXT530 is a series of weather instruments that provides 6 of the most important weather parameters: air pressure, temperature, humidity, rainfall, wind speed and direction through various combinations. You can select the transmitter with the needed parameters into your weather application, with a large variety of digital communication modes and wide range of voltages. A heated option is available. Low power consumption enables solar panel application. WXT530 series focuses on maintenance free operations in a cost-effective manner.” [4]
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	Make
	Aercus Instruments
	Renke
	Davis Instruments
	Vaisala

	Model
	Weather Master UK
	RS-QXYL-M
	Vantage Vue 6110
	WXT530

	Supply
	DC 5v adaptor,
1.5v AA Batts,
Solar.
	220V ac, 
24V dc,
Solar.
	220V ac,
1.5v AA batts,
Solar.
	6 – 24V dc

	Temp
	
	
	
	

	Humidity
	
	
	
	

	Pressure
	
	
	
	

	Wind Speed
	
	
	
	

	Wind Direction
	
	
	
	

	Rainfall
	
	
	
	

	Sunlight
	
	
	
	

	UV Levels
	
	
	
	

	Extra Sensors available
	
	
	
	

	Measuring intervals
	1 – 240 minutes
	2 – 10000 sec
	Every 2.5 sec
	Analogue

	Wifi
	
	
	
	

	Portable
	
	
	 
tripod mounted
	

	Cost
	£189
	£869
	£694
	£2421


[1] [2] [3] [4]

[bookmark: _Toc124540834]Microcontroller Selection
An MCU (Microcontroller Unit) is basically a small computer within an integrated circuit/chip. An MCU will be embedded into a system; there will be a combination of computer hardware and software, intended for a specific task. An MCU will receive data using its I/O terminals, store temporary data in its memory, access and process the data using pre-determined instructions stored in its program memory, and then conduct the relevant output/communication action through its I/O pins. There are a wide variety of MCU’s available, each having differing capabilities. Some of the elements considered when selecting an MCU are: [5]
· Central Processing Unit (CPU)Type.
· Random Access Memory (RAM).
· Read Only Memory (ROM).
· Number of I/O pins.
· Analog Peripherals (i.e., No of ADC inputs, ADC resolution, No of DAC outputs).
· Communication type – UART, SPI, I2C, I2S, SSC.
· USB modules required.
· Clock/counters.
· Brown out reset.
[bookmark: _Toc124540835]System Requirements
	
	Signal Type
	No of I/O
	No of Pins
	Sample rate
	Bytes/ Reading
	Readings/ Minute
	Total Bytes/2wks

	Temp
	AI
	1
	1
	15s
	2
	4
	161,280

	Humidity
	AI
	1
	1
	15s
	2
	4
	161,280

	Wind Speed
	AI
	1
	1
	1s
	2
	60
	2,419,200

	Wind Direction
	AI
	1
	1
	5s
	2
	12
	1,209,600

	Airbourne Particle Count
	AI
	1
	1
	1s
	2
	60
	2,419,200

	Sunlight Brightness
	AI
	1
	1
	1s
	2
	60
	2,419,200

	UV Levels
	AI
	1
	1
	1s
	2
	60
	2,419,200

	VOC
	AI
	1
	1
	1s
	2
	60
	2,419,200

	GPS
	UART
	1
	1
	1s
	8
	60
	9,676,800

	SD Card
	DI/DO
	2
	3
	--
	--
	--
	--

	USB
	DI/DO
	2
	3
	--
	--
	--
	--

	Start Button
	DI
	1
	1
	--
	--
	--
	--

	Stop Button
	DI
	1
	1
	--
	--
	--
	--

	LED Indication
	DO
	1
	1
	--
	--
	--
	--


[image: Diagram

Description automatically generated]Total data that will be recorded during the 14-day cycle is 23,304,960 Bytes; 23.31MB. The SD-card must be larger this. A 128MB SD-card would be big enough, but it’s cheaper to purchase a card with larger memory. An 8GB SanDisk micro-SD Card costs £3.95 on Amazon. [6]
The weather station will comprise of:
· 8x Analogue Inputs (8 ADCs with 10-bit resolution).
· 9x Digital Inputs/Outputs.
· 1x UART.
· 1x USB.
· 1x SPI SD Card.
· 16KB.
· >200B RAM.
· 48MHz Clock Frequency.
· 1x RS232.
· Brown Out Reset.
· Watchdog timer.
The parametric search tool on Microchips advanced part selector was utilized, using the specification listed above to find suitable PICs. The tool found seven PICs capable of undertaking the task. The screenshots below were taken during the search.
[image: ]
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Description automatically generated with low confidence]


[7]
[image: Graphical user interface

Description automatically generated]The following microcontrollers are suitable for the Weather & Air Quality Monitoring station. 
	Microcontroller
	Cost

	PIC18F27J53
	£4.60

	PIC18F26J50
	£4.44

	PIC18F26J53
	£5.02

	PIC18F25K50
	£3.45

	PIC18F25J50
	£4.11

	PIC18F24K50
	£2.73

	PIC18F24J50
	£3.49


Prices from Farnell. 
[8]
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The microcontroller selected for the task is the PIC18F24K50.

[bookmark: _Toc124540836]Sensor Selection
[image: Table

Description automatically generated]Frequency of operation of each sensor is shown in the table.
[bookmark: _Toc124540837]Sunlight Brightness
The sensors considered for measuring sunlight brightness within the weather station are shown in the table. The selected sensor is highlighted.
	Sunlight   Brightness
	[image: ]
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	Model
	Photasguard AHKF Outside light level sensor
	ABLE ALO-20K Outdoor light Sensor
	Thermokon Outdoor light (Lux) Sensor EXT-TN-1071511
LI65V

	Supply
	15 – 36V dc
	24V
	15 – 24V dc

	Output
	0 – 10V
	4 – 20mA
	0 – 10V

	Range
	0 – 100kLux
	10 – 20kLux
	0 – 100kLux

	Power Consumption
	1W @ 24v dc
	20mA
	0.15W / 6.25mA @ 24V

	IP Rating
	IP65
	IP67
	IP65

	Cost
	£112
	£114
	£164.32


[9] [10] [11]


[bookmark: _Toc124540838]Airbourne Particle
A selection of airborne particle sensors were considered for the task, the selected sensor is highlighted in the table.
	Airbourne Particle Sensor
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	Model
	PMOSXX Particulate Matter Sensor
	Cubic PM3006S
	Tera Sensor Next-PM
	Sintrol S304

	Input
	24V dc
	5V dc
	5V dc
	24V dc

	Output
	0 – 5V
	UART
	UART
	4 – 20mA

	Range
	0 - 1000μg/m3
	0 - 30 mg/m3
	0 - 1000μg/m3
	0 – 5mg/m3

	Power Consumption
	75mA
	<250mA
	<80mA
Max 300mA
	Up to 10W

	IP Rating
	IP65
	
	
	IP65

	Accuracy
	±10%
	±5 μg/m3 to 
±20 μg/m3 depending on range
	±10%
	

	Cost
	£510
	
	£77.63
	


[12] [13] [14] [15]
[bookmark: _Toc124540839]Wind speed & Direction
The wind speed and direction have been combined into one unit which will give 2 analogue outputs. The selected unit is highlighted below.
	Wind Speed & Direction
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	Model
	WSD – V wind speed & direction
	Windsonic 75
	WMS-23

	Supply
	24V dc
	12 – 30V dc
	8 – 30V dc

	Output
	0 – 5V or 0 – 10V
	0 – 5V
	4 – 20mA

	Range
	0 – 50m/s
0 - 3600
	0 – 75m/s
0 - 3600
	0 – 100mph
0 - 3600

	Power Consumption
	30mA
	44mA
	

	IP Rating
	IP65
	IP65
	IP65

	Accuracy
	±5%
	±2% wind speed
±3% wind direction
	±3%

	Cost
	£460
	£974
	£832.81


[16] [17] [18]

[bookmark: _Toc124540840]Temperature
The selection of sensors considered for the measuring air temperature are shown in the table. The selected sensor is highlighted.
	Temperature
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	Model
	TiTEC HTFB2/MUA/200 PT150
	TiTEC AUTFext/MUA 105427
	TE-010

	Supply
	10 – 30V dc
	12 – 36V dc
	24V ac/dc

	Output
	4 – 20mA
	4 – 20mA
	0 – 10V dc

	Range
	0 to +1500C
	-30 to +700C

	Multi range, including
-20 to +800C
-30 to +600C
0 to +500C

	Power Consumption
	20mA
	20mA
	<2.2VA - 91.7mA

	IP Rating
	IP54
	IP65
	IP66

	Accuracy
	±0.3%
	±0.2K
	0.10C ±0.05%

	Cost
	£72.90
	£55.40
	£72.71


[19] [20] [21]
[bookmark: _Toc124540841]Humidity
The sensors considered for measuring humidity are shown in the table, the selected sensor highlighted.
	Humidity
	[image: ]
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	Model
	HPP805A031 Humidity Sensor
	QFM2101
	TM1SHC4

	Supply
	5V dc
	13.5 – 35V dc
	9 – 28V dc

	Output
	1079mV – 3648mV
	4 – 20mA
	4 – 20mA

	Range
	0 – 100% RH
	1 - 100% RH
	0 – 100% RH

	Power Consumption
	Typical - 1.4mA
Max - 2mA
	<1VA - 41.6mA
	20mA

	IP Rating
	IP68
	IP54
	IP65

	Cost
	£81.23
	£258
	£113.93


[22] [23] [24] 


[bookmark: _Toc124540842]VOC
Volatile organic compounds are often man-made chemicals found in everyday life in gases or liquids such as paints, solvents, and car emissions. The sensors considered are shown below, the selected one highlighted.
	VOC
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	Model
	TVOC 2 ionscience
	SLAWXCV2
Spacelogic
	Wines TVOC ZE40B

	Supply
	5 – 28V 
	20 – 30V dc
	3.7 – 5.5V dc

	Output
	4 – 20mA
	0 – 5V
	UART

	Range
	0 – 1000ppb
	0 – 1000ppb
	0 – 200ppb

	Power Consumption
	130mA max
	20mA
	20mA

	IP Rating
	IP65
	IP54
	IP54

	Cost
	£2832
	£501.85
	£78.21


[25] [26] [27] [28]
[bookmark: _Toc124540843]GPS
“A global positioning system (GPS) is a network of satellites and receiving devices used to determine the location of something on Earth. GPS receivers provide location in latitude, longitude, and altitude.” [29] 
The devices considered for the station are shown below, the selected one highlighted.
	GPS
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	Model
	Garmin GPS Sensor 16xLVS
	UBX_G7020-KT
	NINA-W101
	NEO-6M GPS

	Supply
	8 – 40V dc
	3.3 – 5.5V
	3.3V
	3.7 – 6V

	Output
	UART
	UART/SPI/
USB/DDC
	UART/SPI/
I2C/GPIO
	UART

	Power Consumption
	90mA
	Max 35mA
	100mA
	11mA

	Cost
	£152.83
	£19.30
	£8.74
	£9.95


[30] [31] [32] [33]




[bookmark: _Toc124540844]UV level
The sun is the most prominent source of Ultraviolet radiation, although there are many manmade sources. There are 3 forms, UVA, UVB and UVC. UVA is associated with aging skin, UVB with sunburn and UVC the most harmful (naturally occurring UVC from the sun cannot penetrate Earth’s atmosphere). 
	UV Level
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	Model
	PMA1107-WP UVA & UVB Sensor
	RS-UV UV Sensor 
	RS-UV-AL Aluminium UV Sensor 

	Supply
	5 – 12V dc
	10 – 30V dc
	10 – 30V dc

	Output
	0 – 5V dc
	0 – 5V dc
	0 – 5V dc

	Range
	280 – 400nm
	240 – 370nm
	290 – 390nm

	Power Consumption
	<1mA
	0.6W
	0.6W

	IP Rating
	IP68
	IP65
	IP67

	Accuracy
	±5%
	±10%
	±10%

	Cost
	£666.06
	£41.33
	£55.10


[34] [35] [36]
[bookmark: _Toc124540845]LED Selection
The weather station will have two LED indication lamps; Red LED to indicate power supply and Green LED blinking every 10 Seconds to indicate system running.
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	Voltage
	5 – 28v dc
	5 – 28v dc

	Current
	20mA
	20mA

	Mounting
	8.2mm hole
	8.2mm hole

	IP Rating
	IP68
	IP68

	Cost
	£28.81
	£24.82


[37] [38]

[bookmark: _Toc124540846]Voltage regulators
Voltage regulators are used to generate fixed output voltages; 12V, 5V and 3.3V regardless of changes to input voltage.
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	Input Voltage
	16 – 36V dc
	16 – 36V dc
	16 – 36V dc

	Output Voltage
	12V dc
	5V dc
	3.3V dc

	Current 
	2A
	2A
	2A

	Stock No
	193-4045
	193-4045
	193-4041

	Cost
	£4.40
	£5.52
	£5.26


[39]




[bookmark: _Toc124540847]Current Consumed During Test
The maximum current that can be drawn by the weather & air quality station must be calculated for the 14-day period.
	Sensor/Device
	Max Current

	Sunlight Brightness
	24mA

	Airbourne Particle
	75mA

	Wind Speed & Direction
	44mA

	Temperature
	91.7mA

	Humidity
	20mA

	VOC
	130mA

	GPS
	35mA

	UV Level
	1mA

	LED’s
	20mA x 2

	Total
	460.7mA



The maximum current that could be consumed in 1hr is 460.7mA
The maximum current consumed over the 14-day period is:
460.7mA x 24 hours x 14 days = 154.8Ah
The weather station battery must have the capacity to supply this.

[bookmark: _Toc124540848]Battery Selection
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	Model
	DCL24-200
	SKU: VLAD10062
	AMP80280
	KPM/GNZ200

	Battery Type
	Lithium Iron Phosphate
	Lithium Iron Phosphate
	Lead Acid
	NiCd

	Voltage
	25.6V
	25.6V
	24V
	1.2V   x20

	Capacity
	200Ah
	200Ah
	200Ah
	200Ah

	Weight
	40Kg
	46Kg
	180Kg
	13.5Kg x20
= 270Kg

	Dimensions
	522mm x 268mm x 220mm
	640mm x 245mm x 220mm
	642mm x 680mm x 218mm
	167mm x 162mm x 345mm
X20

	Cycle life
	Over 3500 cycles
	Up to 4000 cycles
	1500 cycles
	

	Depth of Discharge
	80%
	80%
	50%
	

	Pros
	High Consistency,
Long cycle life
Independent protection,
	Battery management system,
Cycle life
	Fully recyclable,
Proven technology, Robust
	High current output,
High cycle life

	Cons
	Cost
	Length
	Weight,
Size,
Battery life
	Weight, Bad for environment, Charge memory effected

	Cost
	£4349.50
	£1448.27
	£3758.56
	£94.92 x20
= £1898.40


 A selection of batteries capable of powering the weather station are shown in the table below. The highlighted LiFePO4 battery is the one selected for the task. The current consumed over 14 days is 154.8Ah. If the depth of discharge is 80%; 154.8 x 1.2 = 185.76Ah. The battery must exceed this value to ensure the station works for the 14-day period.
[40] [41] [42] [43]

[bookmark: _Toc124540849]Hardware

[bookmark: _Toc124540850]Mast & Stand Selection
A mast and stand is required for the installation of the wind speed and direction sensors. They should be located away from obstacles such as buildings or vegetation. The stand must be capable of being installed on an incline, ideally have a levelling facility. The selected mast will have the wind speed and direction sensor mounted towards the top. The other sensors will be attached to the mast at a lower level. 
The Aeromao mast has an in-built bubble level to assist when levelling.
	
	[image: A picture containing radar chart

Description automatically generated]
	[image: A basketball hoop in front of a building

Description automatically generated with medium confidence]

	Make & Model
	Manfrotto 269BU Super Stand Alu Bk

	Aeromao 18’ telescopic mast

	Weight
	8Kg
	13Kg

	Max weight at tip
	35Kg / 6.3Kg @ 50 incline
	13.5Kg

	Max height
	4.55m
	5.4m

	No of legs
	3
	4

	Levelling capability on uneven ground
	
	

	Material
	Aluminium
	Aluminium

	Cost
	£279
	£1447.15


[44] [45]



[bookmark: _Toc124540851]Case/Enclosure Selection
The weather station needs to be portable and adaptable, so suitable case selection is required. The Peli case selected has wheels to aid movement, has foam inserts which can be cut and help keep components in place, it is waterproof so can be left out in the elements, is large enough to house the battery and is lockable. The LiFePO4 battery can be mounted in any direction since there is no liquid in it. The IP68 Lemo panel mount sockets will be mounted to the side of the case. Each sensor can be plugged in to their designated socket and unplugged during transportation.
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	Make & Model
	Peli 1620 with foam
	Technoplus enclosure & pole mounting kit

	Internal dimensions
	558mm x 430mm x 320mm
	270mm x 170mm x 90mm

	Weight
	11.16Kg
	760g

	Portable
	
	

	Pros
	Watertight,
Lockable, 
has wheels, 
high impact structure,
Foam inserts,
Can house the battery.
	Lightweight,
IP67,
Moveable.


	Cons
	Expensive
	Separate location needed for battery,
Mount & box ordered separately,
Not quick release

	Cost
	£480.04
	£122.66


[46] [47]
[bookmark: _Toc124540852]Connector Selection
The station requires suitable connectors that are robust and hardwearing. The sockets will be mounted on the control enclosure, each individual senor/device will have a designated plug attached. They will either be distinguished by number of pins or colour coded.
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	Make & Model
	Lemo 0T Series
	Souriau 8STA 

	IP Rating
	IP68
	IP67

	Contacts available
	2, 3, 4, 5, 6, 7, 9.
	2, 3, 4, 5, 6

	Current Rating
	10A – 2A
(2 contact – 9 contact)
	13A – 3A

	Pros
	Waterproof,
Hardwearing,
Good selection.
	Waterproof,
Quick mating

	Cons
	Expensive
	Expensive, limited selection


[48] [49]
	No of Contacts
	Component
	Cost (plug + socket)

	2 Contact
	Start & Stop Pushbuttons
	2x £34.98 + 2x £18.39

	3 Contact
	Humidity & VOC
	2x £36.00 + 2x £18.86

	4 Contact
	Sunlight & Temperature
	2x £36.58 + 2x £20.42

	5 Contact
	UV level
	1x £37.18 + 1x £18.53

	6 Contact
	Wind Speed, Direction & Airbourne particles
	2x £55.18 + 2x £21.65

	7 Contact
	GPS
	1x £39.48 + 1x £22.60

	9 Contact
	24V supply voltage to PCB
	1x £40.66 + 1x £24.72

	Total cost for Lemo Connectors
	£667.29


 Lemo panel mounted sockets from RS, Lemo cable mount plugs from Farnell.

[bookmark: _Toc124540853]Cable
Each of the sensors will have either 3-core or 5-core cable run to them. Lemo connector plugs will be fitted to each sensor cable, which will then connect into its associated socket, which is mounted on the Peli equipment case. 
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	Make & Part No
	Alpha Wire M33403
	Alpha Wire M13405

	No of Cores
	3
	5

	Wire Gauge/CSA
	20AWG; 0.56mm
	20AWG; 0.56mm

	Drum Length
	30m
	30m

	Cost
	£54.38
	£88.72


[50] [51]

[bookmark: _Toc124540854]Pushbuttons
Pushbuttons are used to start and stop the system.
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	IP Rating
	IP66
	IP66

	Spring Return
	
	

	Cut out
	22mm
	22mm

	Contact Config
	1 NC
	1 NO

	Cost
	£17.65
	£17.26


[52] [53]

[bookmark: _Toc124540855][image: A picture containing text, flash memory

Description automatically generated]SD Card
An 8GB SanDisk micro-SD card will be used for storing the information obtained in the weather station.  [54]
Cost £3.95

[image: A picture containing compass

Description automatically generated]
[bookmark: _Toc124540856]Compass
A compass is required so that the temperature and humidity sensors can be positioned facing North. The compass will be mounted to the top of the Peli case using Velcro, it can be removed when not in use and during transportation. [55]
Cost 26.48

[image: A picture containing text
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[bookmark: _Toc124540857]Heavy Duty Velcro
The Temperature and Humidity sensors needs to be North facing, avoiding direct sunlight. Heavy Duty waterproof Velcro will be used to mount the sensors on the front of the Peli equipment case, during transportation the sensors can be unfixed. [56]
Cost £ 9.59
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[bookmark: _Toc124540858]Trolley Selection
To ensure the weather station’s portability and adaptability for a wide variety of locations, a stair climbing truck is required. The battery weighs 40Kg and this truck gives extra assistance when ascending steps. [57]
Cost £66.90 



[bookmark: _Toc124540859]Marker Pens
The connectors used for temperature & sunlight brightness / VOC & humidity / Wind speed, direction & airborne particle count / start & stop will be colour coded.
· Start and stop pushbuttons - 2 contact plugs/sockets, must be colour coded.
Start – Green,
Stop – Red.

· VOC and Humidity sensors - 3 contact plugs/sockets, must be colour coded to avoid incorrect data logging. (Incorrect fitting will not cause any damage as they have the same input voltages and output levels).
VOC – Black,
Humidity – White.

· Temperature and sunlight brightness sensors - 4 contact plugs/sockets, must be colour coded to avoid any incorrect fitting of sensors. (Incorrect fitting will not cause any damage, they have the same input voltages and output levels).
Temperature – Yellow,
[image: Text, letter

Description automatically generated]Sunlight Brightness – Blue.

· The speed, direction, and airborne particle sensors - 6 contact plugs/sockets, must be colour coded to avoid any incorrect logging of data. (Incorrect fitting will not cause any damage as they have the same input voltages and output levels).
Wind speed/direction – Green,
Airbourne particle – Red.
Cost £4.29 each - RS components, 6 off. [58]
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[bookmark: _Toc124540860]Locks
A padlock will be used to lock the equipment case and the D-lock & cable used to lock the mast and equipment case to each other. [59] [60]
Cost £35.99 + £12.00
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Description automatically generated]Circuit Design
Proteus is a circuit design suite that was used to design, test, and debug the circuits required in the weather and air quality station. A source voltage of 24V is used in the build, due to the sensors being capable of having a 24V dc supply or less. The complete circuit can be broken down into individual circuits.
· Temperature – Requires input voltage of 24V and gives an output of 0-10V. The signal input to the PIC needs to be 0-5V, a potential divider circuit is required to lower the voltage level.

Values calculated were R1 = 10KΩ and R2 = 10KΩ. A clamp circuit is to be added to eliminate any voltage spikes entering the PIC. This can be done by using a capacitor, Zener diode and resistor. The values tested in Proteus and decided on 100nF capacitor, 1N4733A Zener, and 50Ω resistor.
The temperature sensor is to be located facing North, in the shade.
· Humidity – This sensor requires a 24V input voltage and gives a 4–20mA output. A  250Ω resistor is connected across the output to offer a 1-5V voltage equivalent. Using V = IR, 
· 20mA x 250Ω = 5V 
· 12mA x 250 Ω = 3V
· 4mA x 250 Ω = 1V
A clamp circuit to be included in design. Sensor to be mounted in shade.
· Wind Speed/Direction – Requires 24V input voltage and gives 2x 0-5V output signals. Clamp circuit required to reduce voltage spikes.
Sensor should be mounted as high as possible away from surrounding buildings and vegetation to ensure clear air flow, if near building, try to locate on prevailing wind side, SW in UK
· UV level – 12V supply voltage required and will be sourced via a 7812-voltage regulator. Output signal is 0-5V. Clamp circuit required.
Sensor should be facing South, towards the Sun.
· VOC – Requires 24V supply and delivers 4-20mA output. A 250Ω resistor to be connected across the output to give a 1-5V signal. Clamp circuit required.
Sensor should be mounted between 1.2m and 1.8m to give a reading in the breathing zone.
· Sunlight brightness – 24V supply voltage required and has 0-10V output. A potential divider circuit is used to drop voltage level to 0-5V, using 10KΩ resistors. Clamp circuit required to eliminate voltage spikes.
Sensor to be installed facing South, towards Sun.
· Airbourne particle – 24V supply voltage required, has 0-5V output signal. Clamp circuit required in design. 
Sensor to be mounted away from any obstacles at similar height to VOC sensor.
· GPS – This sensor uses UART communication. It is mounted inside the equipment box, onto the PCB.
· SD Card – Requires a 3.3V chip select voltage. A 7833-voltage regulator is used to create 3.3V. The SD card will use SPI protocol allowing it to communicate with the PIC.
· USB – A USB port is required to enable external communications to take place.
· Start/Stop & Indication – A start button will be used to start the weather station logging; it will run for 14 days unless the stop button is pressed. A red LED will indicate a supply voltage and flashing green LED will indicate system running.
[bookmark: _Toc124540862]Proteus
The weather & air quality station circuit design is shown in the Proteus drawing below. The coloured boxes indicate a different part of the circuit.
PIC18F24K50
Temperature
Sunlight Brightness
Airbourne Particles
Wind Speed & Direction
UV Level
VOC
Humidity
Voltage Regulators
GPS
Start & Stop
SD Card
USB
LED & Crystal Oscillator
Potential Divider Circuit. Reduces 10V Signal to 5V
Clamp Circuit reduces spikes in signal voltages
Voltage Regulators to reduce & maintain fixed output voltages
Crystal Oscillator to enable LED to flash












[bookmark: _Toc124540863]Microcontroller Pin Connections
Each of the nine sensors need to be allocated a pin on the 18F24K50 PIC. There are 28 pins on the chip, 25 of them are I/O, and 14 of these are 10-bit A/D channels.  Out of those analogue pins, 3 must be kept for the SD card and one for the Rx Uart connection from the GPS.
	Pin
	Designation

	1
	--

	2
	Temperature

	3
	Humidity

	4
	Wind Speed

	5
	Wind Direction

	6
	--

	7
	Airbourne Particle Counter

	8
	Vss

	9
	Crystal Oscillator

	10
	Crystal Oscillator

	11
	Green Flashing LED

	12
	--

	13
	--

	14
	--

	15
	D- USB

	16
	D+ USB

	17
	Vcc USB

	18
	GPS

	19
	Vss

	20
	VDD

	21
	DI SD Card

	22
	CLK SD Card

	23
	Sunlight Brightness

	24
	DO SD Card

	25
	UV Levels

	26
	VOC

	27
	Start Button

	28
	Stop Button




[bookmark: _Toc124540864]Easy-PC
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Description automatically generated]Easy PC is a schematic and pcb layout design package, that was initially used to replicate the schematic drawing designed in Proteus, and to then create a layout and 3D model. A 24V battery will supply the PCB, onboard voltage regulators will reduce and maintain constant voltage levels of 12V, 5V and 3.3V. The various sensors and associated equipment require one of those voltage levels. External connections are made to the PCB via pin connectors. Below is the schematic drawing.
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Description automatically generated]Once the schematic drawing has been drawn on Easy-PC, the ‘translate to PCB’ function can  be used. This opens up a new PCB design page, this process adds all components used in the schematic design into a component bin and from this bin the components can be dragged into the PCB design. It is useful to break down the design into individual circuits and taking care to select their positions. This will help to make it less confusing, reduce crossing of tracks and make it look more presentable. Whilst doing this the Net connections will automatically appear in yellow; this indicates a connection needing to be made.  
To reduce the number of tracks on the board and make the design look more professional it was decided to make the PCB out of six layers and silk layers. The four inner layers were set up to be power planes, a 24V layer, 5V layer, 3.3V layer and a 0V layer.
 The PCB layers consist of:
· Top Silk,
· Top Copper,
· 3.3V,
· 24V,
· [image: A screenshot of a computer

Description automatically generated with medium confidence]5V,
· 0V,
· Bottom Copper,
· Bottom Silk.
Tracks were added to the PCB where a net connection was present. Most of the tracks were added to the top layer of the PCB which are the red lines shown in the image to the right. Smaller red lines indicate a signal and thicker lines a power line. The design required tracks to cross at some points, this was achieved by utilising through holes and the bottom copper layer, allowing ‘jumps’ to take place. Bottom copper tracks are the blue lines.
[image: A screenshot of a game

Description automatically generated with low confidence]The yellow shapes in the design are where components are to be located. To achieve a uniform and tidy appearance, pin connectors were located on the outer edge, along with the SD card slot and USB connector
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Description automatically generated]When components are in location and all tracks made, a ‘Design Rule Check’ function was utilised to highlight any errors in the PCB design. Initially there were multiple errors present. The errors included acid traps, pad-to-pad errors, and name positions of components. The acid trap errors were rectified by increasing spacing between components, avoiding sharp angles in tracks and by elongating smaller length tracks. Pad-to-pad errors could be rectified by re-positioning the pads. By repositioning the component names, closer to its component cleared this error.

The Design Rule Check lists all errors present. If ‘clicked’ on, it will highlight that error in the design 
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Description automatically generated]
Each error was worked through until the ‘Design Rule Check Report’ came back with ‘No Errors Found’.
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Description automatically generated with medium confidence]

The top silk layer is shown in the image to the right. The position of each of the components and their reference text is printed onto this layer. The board name ‘Weather and Air Quality Measurement & Logging System’ is also printed on this layer.

[image: A screenshot of a computer

Description automatically generated with low confidence]


The top copper layer is shown in the image to the left. The tracks are shown by red lines, thinner red lines indicate a signal, and thicker lines indicate power. The small circles & squares are the holes for the component.
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The image to the right is of the bottom copper layer. The tracks are shown by blue lines, and there are not many as not many track crosses were present in the design. The PCB designer name and number can be added into this layer. 
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Description automatically generated with medium confidence]A 3D model of the board can be viewed on Easy PC once the design and testing is complete.

The front, rear, and side on views of the 3D model are shown in these images.




[bookmark: _Toc124540865]PCB Cost
JLCPCB are a global PCB manufacturer. Their simple to use website was used to retrieve a quote for the building, testing, and shipping of the PCB. To retrieve the quote, the design must be uploaded to the JLCPCB website as a Gerber file, which was created in Easy-PC. Due to the design being 6-layers, the surface finish was automatically selected as ENIG, Electroless Nickel Immersion Gold. This protects the copper pads from corrosion, provide resistance to oxidation and easy soldering resulting in higher performance. 
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Description automatically generated]Minimum build quantity is 5. Total cost including delivery is £56.68.









[bookmark: _Toc124540866]Total Costs
The following table consists of the cost of all materials/components used in the design of the weather & air quality monitoring station:
	Component
	Make
	Model
	Supplier
	Cost

	Airbourne particle sensor
	Greystone
	PMOSXX Particulate Matter Sensor
	Measurement systems
	£510

	Sunlight Brightness
	S+S Regeltechnik
	AHKF-U Photasgard
	ECP
	£112

	Wind speed & direction
	Gill Instruments
	Windsonic 75
	Gill Instruments
	£974

	Temperature
	ECP
	TE010
	EC Products
	£72.71

	Humidity
	Schneider
	TM1SHC4
	Kempston Controls
	£113.93

	VOC
	ION Science
	TVOC 2
	ION 
	£2832

	GPS
	ublox
	UBX_G7020-KT
	Robot Shop
	£19.30

	UV Level
	Solar Light
	PMA1107-WP UVA & UVB
	Amazon
	£666.06

	24v – 12v regulator
	RS PRO
	K7812
	RS 193-4045
	£4.40

	24v – 5v regulator
	RS PRO
	K7805
	RS 193-4045
	£5.52

	24v – 3.3v regulator
	RS PRO
	K7803
	RS 193-4041
	£5.26

	SD Card
	SanDisk
	8GB micro-SD
	Amazon
	£3.95

	Green LED
	Sloan
	174B816G1G81NCL1
	RS 909-3812
	£28.81

	Red LED
	Sloan
	174S816R1R54UCL1
	RS 909-3834
	£24.82

	24V 200Ah Battery
	DC POWER
	DCBATT/DCL24-200
	Garrison locks
	£4349.50

	Green Button
	Schneider
	XB4BP31
	CEF
	£17.26

	Red Button
	Schneider
	XB4BP42
	CEF
	£17.65

	Panel mount socket
	Lemo
	0T Series
	RS
	£224.49

	Cable mount plug
	Lemo
	0T Series
	Farnell
	£442.80

	Tripod/mast
	Aeromao
	18’ telescopic mast
	Aeromao
	£1447.15

	Marker pens
	CRC
	Marker ball various colours
	RS
	6 x £4.29 = £25.74

	Peli 1620 Case
	Peli
	1620 with foam
	Waterproof-cases
	£480.04

	Stair truck
	Manutan
	A154379
	Manutan
	£66.90

	Compass
	Osculati
	Osculati Finder 635805 
	ASAP-supplies
	£26.48

	Velcro Strip
	Velcro
	Heavy duty Velcro
	mpdhookandloop
	£9.59

	PCB components
	RS
	Resistors/capacitors, Zener diodes
	RS
	£10

	D-Lock & cable
	Kryptolok
	580651 Kryptonite
	Halfords
	£35.99

	Padlock
	Squire
	181753 Squire strong lock
	Halfords
	£12.00

	Weather & air quality PCB
	CHOW
	2215654
	JLCPCB
	£56.68 / 5 = £11.34

	TOTAL
	£12,549.69



[bookmark: _Toc124540867]Improvements
To improve the design there are some alterations and additions that could be made.
· Include additional instrumentation to measure rainfall volume, barometric pressure, and dewpoint.
· Include a display screen on the equipment box which can offer live readings from all sensors.
· Have a Bluetooth facility that would enable remote communications between user and weather station.
· After analysing the first set of results, determine if a more/less frequent sample rate is required.
· Source a suitable pole mounted equipment box, to make the installation more professional.
· The temperature and humidity sensors are separate instruments in this design. In the future a combined item could be sourced, this could potentially save on cost and mounting space.
· Install solar panels, these could recharge the battery, allowing for a smaller size.
· The 24V battery is large and heavy, to ease transportation, 2x12V lighter batteries could be used in series.
· The PCB was designed with 6-layers, it is possible to create using 4-layers.
· A low battery voltage alarm could be incorporated in design, additional LED installed.
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