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INTRODUCTION

The increasing interest and involvement of amateur weather forecasters, a sophisticated yet user-friendly microcontroller-based weather and air quality monitor/logger is proposed. This system aims to provide accurate and comprehensive data over a 14-day period, catering to the specific needs of amateur weather prediction. Designed for portability, adaptability, and ease of operation, the system will monitor various environmental parameters critical for weather forecasting.
Key Objectives:
Portability:
The system will be designed with portability in mind, featuring a compact and lightweight design for easy transportation and deployment at different monitoring sites.
Enclosure:
The system will be housed in a weather-resistant and durable enclosure, ensuring protection against environmental elements and reliable performance in various conditions.
Connectivity and Data Retrieval:
The system will feature a USB interface for data retrieval and clearing. The user can access, analyse, and clear the stored data when connected to a computer.
Adaptability:
The system will be adaptable to various environments and conditions, ensuring reliable data collection across different locations.
Sensor Suite:
The microcontroller-based system will integrate sensors to capture weather parameters:
· Temperature
· Humidity
· Wind Speed
· Wind Direction
· Airborne particle count
· Sunlight brightness
· UV levels
· GPS position
· VOC level

Data Logging:
The system will feature a robust data-logging mechanism capable of recording measurements over a 14-day.




[bookmark: _Toc155980555]Existing Portable Weather Measurement Systems

[bookmark: _Toc155980556]Comparison Summary of the Weather Measurement Systems
Each system offers a comprehensive suite of sensors, including common parameters like temperature, humidity, wind speed, and wind direction. Variations of the series exist in additional parameters such as particle count, sunlight brightness, and VOC levels. Some systems have limitations in specific sensor capabilities. For example, the Davis Vantage Pro2 has limited particle count capabilities, and the Onset HOBO RX3000 may require additional sensors for certain measurements. 
[bookmark: _Toc155980557]Comparison Table of the Weather Measurement Systems
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	SYSTEMS
	Davis Instruments Vantage Pro2:
	Campbell Scientific CR800 Series:
	Onset HOBO RX3000 Weather Station:
	WeatherFlow Smart Weather Station:

	SENSORS
	Temperature, Humidity, Wind Speed, Wind Direction, Airborne Particle Count (limited), Solar Radiation (for sunlight brightness), UV Sensors, and GPS position (with additional module).
	Temperature, Humidity, Wind Speed, Wind Direction, Particle Count (with external sensors), Pyranometer (for sunlight), UV Sensors, and GPS position.
	Temperature, Humidity, Wind Speed, Wind Direction, UV Sensors, GPS position (with additional module), and External sensors available for particles.
	Temperature, Humidity, Wind Speed, Wind Direction, Light Sensor (for sunlight), UV Sensors, GPS position (with additional module), and External sensors for VOC (with additional module).

	FEATURES
	Wireless transmission, LCD, customisable alerts, and compatibility with customisable additional sensors.
	Data logger, programmable measurement intervals, broad sensor compatibility.
	Wireless data transmission, cloud-based data storage, modular sensor options.
	Wireless connectivity, smartphone app integration, real-time data sharing.

	PROS
	Modular design for sensor expansion.
	Versatile for research applications and customizable programming.
	Flexible and expandable remote data access.
	User-friendly, compact design.

	CONS
	Limited particle count capabilities.
	Requires additional sensors for some parameters.
	It may require additional sensors for specific measurements.
	Limited options for particle count.


[bookmark: _Ref155867662][bookmark: _Toc155981055]Table 1
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	MICROCONTROLLER
	[bookmark: RANGE!C122][1] PIC24FJ64GA0
	[2] PIC16F18015
	[2] PIC16F18025

	SPECIFICATIONS
	
	
	

	Program Memory Size (KB)
	64
	14
	14

	RAM (bytes)
	8KB
	1024
	1024

	Data EEPROM (bytes)
	64KB
	128
	128

	Pin Count
	64
	14
	14

	Operation Voltage Max.(V)
	3.6V
	5.5V
	5.5V

	Operation Voltage Min.(V)
	2V
	1.8
	1.8

	Max ADC Resolution (bits)
	10
	10
	10

	Low Power
	No
	Yes
	Yes

	Fail-Safe Clock Monitor
	allows safe shutdown if clock fails
	
	

	Analogue
	
	
	

	ADC Channels
	16
	11
	11

	Analogue comparators
	2
	0
	0

	Peripherals
	
	
	

	SPI
	x 2
	x 1
	x 1

	SPI modules
	2 x  3-Wire/4-Wire
	x 1
	x 1

	I2C
	x 2
	x 1
	x 0

	UART
	x 2
	0
	0

	UART modules support
	RS-232, RS-485 and LIN/J2602
	0
	0

	(input/output) (capture/compare) PWM
	5
	0
	0

	Timer Modules
	16 bit
	3 x 8-bit - 3 x 16-bit
	2 x 8-bit - 3 x 16-bit

	System
	
	
	

	Voltage Pin Tolerance
	5.5V  Input (digital pins only)
	5.5V
	5.5V

	Internal oscillator support
	31 kHz to 8 MHz, up to 32 MHz with 4X PLL
	0
	0


[bookmark: _Ref155867783][bookmark: _Toc155981056]Table 2
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To estimate the battery power needed for the portable weather system to last 2 weeks we need to know the total hours (336) and mA consumption of each sensor. To show the workings, a table is used for totalisation and equations under.
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Powerpack Battery 9V, 160Ah
Reference 12

	Sensors
	Current

	Temperature/Humidity
	

	WIND SPEED/DIRECTION
	

	PARTICLE COUNT
	

	BRIGHTNESS
	

	UV
	

	GPS
	

	VOC
	

	TOTAL
	



Hours in 2 weeks: 336hrs
Total power:
460mA x 336Hr = 154,560mA
154,560mA = 154A
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· 3-in-1 product: box, basket and carrier
· Dimensions when assembled: 450 x 360 x 640 mm
· Two handles
· Body made of high-strength polymer compound
· Solid seal for increased protection against weather
· Elastomer-coated two-component wheels
· Load capacity 25 kg
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	Parameter to measure
	Resolution
	Number of values
	Number of Bits Required

	
	
	
	

	TEMPERATURE
	1Cº
	50
	6

	HUMIDITY
	1%
	100
	6

	WIND SPEED (mph)
	1M/S
	90

	6

	WIND DIRECTION
	1%
	360
	9

	PARTICLE COUNT
	1
	999,999,999 (recording only even Nº) =390,625
	16

	BRIGHTNESS
	400 lux
	100,000
	14

	UV
	1 W/m2
	1000
	10

	GPS
	1º
	360
	

	VOC
	ppm (Parts Per Million)
	1000
	10

	TOTAL
	16 BIT
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16Bit = 2 Bytes
x9 Sensors = 18 Bytes
x50samples = 900 Bytes p/s
x60seconds= 54,000 B/p/m
x60minutes= 3,240,000 B/p/h
x24hrs = 77,760,000 Bpd
x14days = 1,880,640,000 Bytes
1,880,640,000 x 10-8 = 1.88064 GB

Equation 1
[bookmark: _Toc155980569]Sensors
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	SENSOR
	[1] Laird Connectivity’s Sentrius RS1xx
	[2] LM35
	[bookmark: Temperature][3] SEN0385

	SPECIFICATIONS
	
	
	

	Communication
	
	Analogue
	I2C

	Temperature Range
	-100°C to +100°C
	M-55°C to 150°C
	40 ~ 125 ℃

	IP Rating
	IP 65
	NONE
	Weatherproof

	Accuracy
	Where t = >-90°C to +100°C = ± (0.15°C + 0.002 |t|)
	0.5°C
	±2%RH

	Power
	Battery 2 x AA (replaceable)
	DC 4V-30V
	DC 3.3V-5V

	I2C
	N/A
	N/A
	YES

	Interface
	RTD (Resistance Temperature Detector)
	NONE
	NONE

	OTHER CAPABILITIES
	WIRE LESS  CONNECTION

	INTERNAL

	MEASURES HUMIDITY


[bookmark: _Ref155813747][bookmark: _Toc155981059]Table 5
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[bookmark: _Ref155868814][bookmark: _Toc155983713]Figure 8
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	SENSOR
	[1]  SEN0385
	[2]  Temperature/Relative Humidity Smart Sensor (S-THC-M00x)
	[3]  HIH8000 Series

	Communications
	I2C
	
	

	SPECIFICATIONS
	
	
	

	IP Rating
	Weather Proof
	Weather Proof
	N/A

	Accuracy
	± 2%
	±2.0 %
	0.01%

	Power
	3.3V-5VDC
	digital communication cable
	3.3 VDC

	I2C
	YES
	N/A
	YES

	Output type
	Digital
	Digital
	Digital

	OTHER CAPABILITIES
	Measures Temperature
	Measures Temperature
	Measures Temperature



[bookmark: _Ref155815108][bookmark: _Toc155981060]Table 6
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	SENSORS
	[1]  WindMaster (GILL) 3 AXIS
	[2]  WindSonic (GILL)
 2 AXIS
	[3]  WindUltra (GILL)
2 AXIS

	SPECIFICATIONS
	
	
	

	Communication
	Digital
Analogue 
RS232, RS422 & RS485
	Digital
Analogue 
RS232, RS422 & RS485
	Digital
Analogue 
RS232, RS422 & RS485

	Wind speed & direction
	Up to 0-65m/s
	0-75m/s
	0-75m/s

	Accuracy
	<1.5% RMS @12m/s
	±2% @12 m/s
	<2% RMSE @ 0-20m/s

	Sample rate
	20Hz or 32Hz
	4Hz
	8Hz

	Digital outputs
	RS232, RS422, RS485
	RS232 + RS422 + RS485
	RS485, NMEA, SDI-12, MODBUS

	Output rate
	1-20Hz
	up to 4Hz
	up to 8Hz

	Analogue outputs
	0-5v, 4-20mA
	0-5 V , 4-20mA
	No

	Power
	9-30VDC
	5-30VDC
	5-30VDC

	IP rating
	IP65
	IP66
	IP69k

	Weight
	1kg
	0.5kg
	Sensor 150g, 1″ (25-26mm) pole mount 120g

	Height
	750mm
	163mm
	189mm with 1″ (25-26mm) pole mount, 

	Diameter
	240mm
	142mm
	84mm


[bookmark: _Ref155816667][bookmark: _Toc155981061]Table 7
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	SENSOR
	[1]  PARTICULATE MATTER OEM
	[2]  Amphenol SM-UART-04L
	[3]  MCERTS-certified SPS30

	SPECIFICATIONS
	
	
	

	Technology
	Optical
	Lazer
	Optical

	Particle Size detection range
	0,3 - 10 µm diameter
	0,3 - 10 µm diameter
	0,3 - 10 µm diameter

	Power
	5VDC
	5VDC
	5VDC

	Dimensions
	L 62 mm x W 52 mm x H 23 mm
	L 418 mm x W 295 mm x H 210 mm
	L41 x W41 x H12

	Weight
	0.45kg
	5kg
	0.26kg

	Number Concentration Range
	PM1
	0.3 to 1.0 µm
	PM1
	0.3 to 1.0 µm
	PM0.5
	0.3 to 1.5 µm

	
	PM2.5
	0.3 to 2.5 µm
	PM2.5
	0.3 to 2.5 µm
	PM1
	0.3 to 1.0 µm

	
	PM10
	0.3 to 10.0 µm
	PM10
	0.3 to 10.0 µm
	PM2.5
	0.3 to 2.5 µm

	
	Temperature
	
	
	
	PM4
	0.3 to 4.0 µm

	
	Relative Humidity
	
	
	
	PM10
	0.3 to 10.0 µm


[bookmark: _Ref155816822][bookmark: _Toc155981062]Table 8
Reference 7
The MCERTS-certified SPS30 proves to be an optimal choice for weather forecast systems owing to its high precision and versatile measurement capabilities. Covering a wide mass concentration range (0 to 1,000 μg/m³) and offering detailed size categorisations for PM1.0, PM2.5, PM4, and PM10, this sensor ensures comprehensive monitoring of particulate matter. The SPS30 stands out as a durable, accurate, and reliable solution for weather forecasting applications, ensuring prolonged, high-quality performance in diverse environmental conditions.
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	[bookmark: _Hlk155537869]SENSOR
	[1]  SQ-512-SS
	[1]  SQ-514-SS
	[1]  SQ-202X-SS

	SPECIFICATIONS
	
	
	

	Power Supply
	5 to 24 V DC
	12 to 24 V DC
	5 to 24 V DC

	Current Draw
	At 12 V is 57 μA
	maximum of 20 mA
	10 μA

	Output sensitivity
	0.625 mV per μmol m⁻² s⁻¹
	0.004 mA per μmol m⁻² s⁻¹
	0.6 mV per μmol m⁻² s⁻¹

	Output Range
	0 to 2.5 V
	4 to 20 mA
	0 to 2.5 V

	Field of View
	180°
	180°
	180°

	Spectral Range
	389 to 692 nm ± 5 nm (wavelengths where response is greater than 50 %)
	389 to 692 nm ± 5 nm (wavelengths where response is greater than 50 %)
	389 to 692 nm ± 5 nm (wavelengths where response is greater than 50 %)

	Temperature Response
	-0.11 ± 0.04 % per C
	-0.11 ± 0.04 % per C
	-0.04 % per C

	Operating Environment
	-40 to 70 C; 0 to 100 % relative humidity; can be submerged in water up to depths of 30 m
	-40 to 70 C; 0 to 100 % relative humidity; can be submerged in water up to depths of 30 m
	-10 to 60 C; 0 to 100 % relative humidity; can be submerged in water up to 30 m

	Dimensions
	D 30.5 mm, H 37 mm
	D 30.5 mm, H 37 mm
	30.5 mm diameter, 37 mm height

	Mass (5 m of cable)
	140 g
	140 g
	140 g


[bookmark: _Ref155816952][bookmark: _Toc155981063]Table 9
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	SENSOR
	[1]  SU-202-SS
	[1]  SU-205-SS
	[1]  SU-200-SS

	SPECIFICATIONS
	
	
	

	Power Supply
	5 to 24 V DC
	5.5 to 24 V DC
	Self-powered

	Output sensitivity
	25 mV per W m⁻²; 8.33 mV per µmol m⁻² s⁻¹
	50 mV per W m⁻²; 16.67 mV per µmol m⁻² s⁻¹
	0.1 mV per W m⁻²; 0.03 mV per µmol m⁻² s⁻¹

	Output Range
	0.2.5V
	0 to 5 V
	0.10mV

	Field of View
	180°

	Spectral Range
	305 to 390 nm (wavelengths where the response is greater than 10 % of the maximum)

	Temperature Response
	Less than 0.1 % per C

	Operating Environment
	-30 to 85 C; 0 to 100 % relative humidity

	Dimensions
	30.5 mm diameter, 37 mm height

	Mass (with 5 m of cable)
	140 g
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	GPS LOCATION
	[1]  u-blox 6 based NEO-6 series
	[2]  CD-PA1616S GPS
	[3]  GlobalTop FGPMMOPA6H

	SPECIFICATIONS
	
	
	

	Horizontal Position Accuracy
	2.5m
	< 3m
	< 3m

	Navigation Update Rate
	1HZ (5Hz maximum)
	 1 to 10 Hz
	 1 to 10 Hz

	Capture Time
	1s to 27seconds
	1s to 34seconds
	1s to 34seconds

	Navigation Sensitivity
	-161dBm
	 -165 dBm
	 -165 dBm

	Communication Protocol
	NMEA, UBX Binary, RTCM
	NMEA, RTCM
	NMEA, RTCM

	Serial Baud Rate
	4800-230400 (default 9600)
	9600 bps (default)
	9600 bps (default)

	Operating Temperature
	-40°C ~ 85°C
	-40°C ~ 85°C
	-40°C ~ 85°C

	Power
	2.7V ~ 3.6V
	3.3V ~ 4.3V
	3V ~ 4.3V

	Operating Current
	45mA
	25mA
	25mA
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	VOC LEVEL
	[1]  SEN54-SDN-T
	[1]  SEN50-SDN-T
	[2]  ES101TVOC


	SPECIFICATIONS
	
	
	

	Communication
	
	
	

	Sensor outputs
	Particulate Matter Relative Humidity Temperature VOC Index
	Particulate Matter Relative

	Particulate Matter Relative


	MEASUREMENT RANGE
	1-500 VOC index points
	1-500 VOC index points
	0~60000ppb

	POWER SUPPLY
	5VDC
	5VDC
	10-30Vdc

	OPERATING CONDITIONS
	-10 to 50°C
	-10 to 50°C
	-40~30VDC

	DIMENSIONS
	W 5230mm x H 4330mm x D 2230mm
	W 5230mm x H 4330mm x D 2230mm
	W 85mm x H  110mm x D 44mm
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